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CHAPTER 2

LEGAL, FINANCIAL, COMPLIANCE AND RELATED INFORMATION

110 MINIM M REQ IREMENTS FOR LEGAL, FINANCIAL, COMPLIANCE AND RELATED
INFORMATION

111 Introdu tion

The W s t h Pl te u re of C r on County, t h, ont ins se ms of high qu lity ituminous
o l with long history of o l mining tivities. The Horizon Mine is lo ted in Consumers
C nyon pproxim tely 14 miles northwest of Pri e, t h .

The surf e f ilities, diversions, ulverts nd the sediment tion pond were inst lled in ompli n e
with t h Division of Oil, G s nd Mining ( DOGM) regul tions .

The permit re (Pl te 1-1) is h r terized y steep, n rrow nyons ont ining onspi uous
s ndstone liffs . Intermittent nd perenni l stre ms o upy the dr in ges . The omplex
geologi l nd geomorphologi l onditions h ve produ ed v riety of site spe ifi soils th t
support v riety of veget tion ommunities .

A distin tion of n underground mine is its minim l effe t on the e osystems. The rel tively sm ll
s le of surf e distur n e when oper ted with proper dr in ge nd sediment tion ontrols,

uses negligi le imp t to the prev iling hydrologi l n e of the re . Su siden e, potenti l
pro lem with ny underground mining, will e monitored s mining progresses. The tempor ry
loss of wildlife h it t due to the onstru tion of surf e f ilities is negligi le in light of the
v il le ne r y h it t . pon ess tion of mining nd port l se ling, the reest lishment of fin l

topogr phy nd dr in ge will pro eed. Reveget tion of distur ed re s will repl e n tive h it t
nd restore the l nd to ommod te proposed post-mining l nd use(s) .

The inform tion ont ined in this se tion is intended to fulfill the requirements of R645-301-100
nd to ensure th t ll relev nt inform tion on the ownership nd ontrol of the mining tivities is

supplied to the regul tory gen y(s) .

112 Identifi tion of Interests

112.100 Business Entity

Hidden Splendor Resour es, In . is in orpor ted under the l ws of the St te of Nev d nd is in
good st nding nd h s leg l orpor te existen e .
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112.200 Assignment of Permit Appli nt nd Mine Oper tor

The permit ooli nt nd mine nner tnr iq -

Appli nt's Resident Agent :

The resident gent who will ept servi e oT pro ess is :

Alex nder H . lker, III
57 est 200 South, Suite 400
S lt L ke City, t h 84101
(801) 521-3292

The ndoned mine l nd re l m tion fee will e p id y :

Ce il Ann lker
Hidden Splendor Resour es, In .
50 est Li erty Street, Suite 880
Reno, Nev d 89501
Telephone : (775) 322-0626

112.300 Offi ers of the Appli nt

Hidden Splendor Resour es, In .
50 est Li erty Street, Suite 880
Reno, Nev d 89501
Telephone : (775) 322-0626
Employer I .D. No. 88-0315046

2-2

M y 2004

Prin ip l Offi ers Position Address

Ce il Ann lker

550-22-2400

President nd Dire tor 50 est Li erty Street, Suite 880
Reno, Nev d 89501
(775) 322-0626

Alex nder H . lker III

528-06-0223

i e President 57 est 200 South, Suite 400
S lt L ke City, t h 84101
(801) 521-3292

Am nd . C rdin lli

528-06-0227

Tre surer nd Dire tor 50 est Li erty Street, Suite 880
Reno, Nev d 89501
(775) 322-0626

Alex nder H . lker, Jr.

199-16-9180

Se ret ry nd Dire tor 50 est Li erty Street, Suite 880
Reno, Nev d 89501
(775) 322-0626
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112.400 Co l Mining nd Re l m tion Oper tion Owned or Controlled

Hidden Splendor Resour es, In ., 50 est Li erty Street, Suite 880, Reno, Nev d 89501 is
orpor tion th t ontrols 100% of Hidden Splendor Resour es, In . The ownership is 50%

Alex nder H . lker, Jr . nd 50% Ce il Ann lker. The offi ers nd dire tors of Hidden
Splendor Resour es, In . ontrol no other o l mining entities .

112.500 Leg l or Equit le Owner of the Surf e nd Miner l Properties

The leg l nd equit le owners of the surf e nd miner l properties to e dire tly ffe ted y this
mining oper tion during the dur tion of the permit period re :

Hidden Splendor Resour es
50 est Li erty Street, Suite 880
Reno, N 89501

nited St tes of Ameri
Bure u of L nd M n gement
2370 South 2300 est

est lley City, t h 84084

Steve nd Pete (Jr.) St m t kis
1111 South 450 est
Pri e, t h 84501

Roy M. nd Tessie K. F rley
5240 So. Highl nd Drive
S lt L ke City, t h 84117

Arthur J . Anderson, Et l
4190 Fortun y
S lt L ke City, t h 84117

J . M rk- & J mes J o s
734' South Cherry Drive
Orem, t h 84057

Surf e nd o l ownership re shown on Pl tes 4-2 nd 4-3.
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112.600 Owners of Re ord of Property Contiguous to Proposed Permit Are

Luke G. nd Gene S. Psop s
2030 S. C ve I follow' y

2-4
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Owners of Surf e Properties

1 . P&L

2.

P.O. Box 899
S lt L ke City, t h 84110

Hidden Splendor Resour es

3 .

50 est Li erty Street, Suite 880
Reno, N 89501

J . M rk & J mes J o s

4 .

734 S. Cherry Drive
Orem, t h 84057

Agnes nd Eldred E . Peir e, Jr.

5 .

3432 South 500 E st
Pri e, t h 84501

Steve nd Pete (Jr .) St m t kis

0 1111 South 450 est
Pri e, t h 84501

6 . nited St tes of Ameri
Bure u of L nd M n gement
2370 South 2300 est

est lley City, t h 84084

7 . R. L. Bird
1840 E st Div n Avenue
S lt L ke City, t h 04101)

r.o . Box 620

0.

luntington,I

	

t h 84528

Rov M.

	

Tessiend

	

K. F rley
I

I

5240 So. Highl nd Drive
S lt

+07 .

L ke City, t h 84117

Ro ert nd Lind N . Jewkes
ellington, t h 84542
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i itton-A. Om n
1714 E. Mill reek v

I

	

S lt L ke City, t h 04106

+3-.8 . t h Division of ildlife Resour es
455 est R ilro d Avenue
Pri e, t h 84501

r .o . Box 957
Pri e, t h 84 01

+59. C r on County
Courthouse Building
Pri e, t h 84501

4610 . Arthur J . Anderson, Et l
4190 Fortun y
S lt L ke City, t h 84117

The MSHA num ers issued April 20, 1995 y the Dep rtment of L or to Horizon Mining, LLC
h ve een tr nsferred to Hidden Splendor Resour es, In . s follows :

Horizon Mine

	

MSHA Num er 42-02074

•

	

Horizon No . 2 Mine MSHA Num er 42-02075 (not opening t present time)

112.800 Interest in Contiguous L nds

Hidden Splendor urrently owns the Feder l Co l Le se T -74804 ( y ssignment from
Lodest r Energy, In . ("Lodest r") filed with BLM for pprov l) whi h is ontiguous to the urrent
permit re , nd h s fee o l interests in SE 1 /4 SE 1 /4, E112 S 1 /4 SE 1 /4 Se tion 17 ; nd fee
o l nd surf e interests in S1/2 N 1/4 S 1/4, 1/2 S 1/4 SE1/4 Se tion 17 nd NE1/4
N 1/4, N 1/4 NE1/4 Se tion 20, Township 13 South, R nge 8 E st, SLM ut h s no interest,
options or pending ids on other ontiguous l nds .

1095 est Motor Avenue
S lt L ke City, t h 04116

11 .

	

L. & E. Brown F mily, LC
65 E st 400 South
Orem, t h 84058

112.700 MSHA Num ers

M y 2004

I
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rortion SC1/4N I/40 1/4NE1/4	f ortion C 1/4N 1/4S 1/4NE1/4

112.900 Certifi tion of Su mitted Inform tion

Inform tion su mitted to the Division is ertified s required y the DOGM regul tions .

113 iol tion inform tion

Neither Hidden Splendor nor ny su sidi ry, ffili te, mem er or m n ger, or persons ontrolled
y or under ommon ontrol with the ppli nt h s h d feder l or st te mining permit suspended

or revoked in the l st five ye rs; nor forfeited mining ond or simil r se urity deposited in lieu
of ond .

iol tion noti es in onne tion with permit C/007/020 re listed in Appendix 2-4

114 Right of Entry inform tion

nder d te of M r h 24, 2003, Lodest r y its Ch pter 11 Trustee, pursu nt to n Order d ted
M r h 18, 2003 y the .S . B nkrupt y Court for the E stern Distri t of Kentu ky, Lexington
Division , ssigned Hidden Splendor ll right, title nd interest in the Horizon Mine . The
ssignment w s m de su je t to Division pprov l of the tr nsfer of Mine Permit No . C/007/020 .
Con urrently, Lodest r, y its Trustee, lso exe uted nd delivered Design tion of Oper tor to
Hidden Splendor overing the period prior to DOGM's pprov l of the permit tr nsfer.

Hidden Splendor ses its right to enter nd undert ke o l mining on: (1) the Assignment from
Lodest r y its Ch pter 11 Trustee, pursu nt to M r h 18, 2003 Order (Appendix 2-1) ; (2) the
Design tion of Oper tor exe uted y Lodest r (Appendix 2-1) ; nd (3) the Feder l o l le se
T -74804 (Appendix 2-3) .

I

I

I

Horizon Mine w s issued Right-of- y SL 063011 through BLM l nds in 1996 to f ilit te
mining o l from fee l nds. The Right-of- y w s in orpor ted into the Feder l o l le se T -
74804 on Septem er 1, 1998. Appendix 2-3 .

S1/2N 1/4 1/4 1/4, S1/2NE1/4C 1/4NE1/4, NE1/4NC1/4C 1/4,

2-6
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Portion G 1/4SEI/4'N 1/4S 1/4 Portion CE1/40 1/4N 1/40 1/4
O

	

v

	

v

%J %J 1/4S 114,E1/4

Portion N 1 /4 1/4SEI/4

s •

Portion N 1/4NE1/43 1/4
PortionS 1/4NE1/4S 1/4
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Portion SE1/4NE114S 1/4

I

The following is des ription of the permit ound ry for the Horizon Mine in luding the Hidden
Splendor le se nd p rt of the Be ver Creek Tr t o l le se T -74804 whi h w s

quired on Septem er 1,1998 .

Township 13 South,R nge 8 E st, SLM

Se tion 6 : N 1/4SE1/4, SE1/4S 1/4, S 1/4SE1/4 SE114SE1/4 .

Se tion 7 : N 1/4, NE1/4, SE114 E1/2S 1/4 N 1/4S 1/4 .

Se tion 8 : S1/2N 1/4, N 1/4N 1/4, S 1/4NE1/4, S 1/4, 1/2SEI/4 .

Se tion 17 : N 1/4, E1/2NE1/4, NE1/4S 1/4 N1/2SE1/4S 1/4, N1/2N 1/4S 1/4,
N 1/4SE1/4, N1/2S 1/4SE1/4 .
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Se tion 18 : NE114NE114 .
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Cont ining 1,577 res more or less onsisting of 305 res more or less of Fee
o l (Hidden Splendor Resour es) nd 1,272 res more or less of Feder l

le sed o l .

115 St tus of nsuit ility Cl ims

The permit re is not within n re or under study s n re design ted s unsuit le for
mining under R645-103-400, nor h s ny petitions een filed with the DOGM under
R645-103-420 th t ould ffe t the proposed permit re (see Pl te 1-1) . No surf e oper tions
or f ilities re lo ted within 300 feet of n o upied dwelling or within 100 feet of emetery .
A pu li ro d right-of-w y p sses through the permit re nd provides ess to pu li property .
Co l h ul ge tivities will o ur within 100 feet of the pu li ro d right-of-w y where the permit
re ro d joins pu li ounty ro d. Multiple letters were re eived from C r on County during

1996 on erning the use of the ounty ro d(s) y the Horizon Mine, these letters re in luded in
Appendix 1-1 nd rfi r-i_,ssed in Ch pter 3 .

116 Permit Term

The Horizon Mine is proposed for 5 ye r term under the Perm nent Regul tory Progr m for 5
•

	

ye rs . Ch pter 3 dis usses the extent of underground mining tivities to e ondu ted over the
5 ye r permit term .

117 Insur n e, Proof of Pu li tion, nd F ilities nd Stru tures sed in Common

A opy of the Certifi te of Insur n e issued to Hidden Splendor Resour es, In ., is on file with
the Division. Su sequent insur n e renew l do uments will e su mitted to the Division nd
in luded in Appendix 2-2 .

Noti e of the permit tr nsfer ppli tion w s pu lished in the Sun Advo te, Pri e, t h on April
8, 2003 . Proof of pu li tion w s su mitted to the Division pursu nt to R645-303-322 nd opy
is in luded in Appendix 2-2 .

118 Filing Fee

A opy of this permit ppli tion is on file with the t h Division of Oil, G s nd Mining ( DOGM),
P.O. Box 145801, S lt L ke City, t h 84114-5801 . A opy of the filing fee re eipt is lo ted in
Appendix 2-2 .

120 PERMIT APPLICATION FORMAT AND CONTENTS

This permit ppli tion will omply with R645-301-120 .

130 REPORTING OF TECHNICAL DATA
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0

All te hni l d t su mitted in the permit ppli tion will e omp nied y the n me or
org niz tion responsi le for the olle tion nd n lysis of d t , d tes of olle tion nd
des riptions of methodology used . Te hni l n lyzes will e pl nned y or under the dire tion
of qu lified profession l in the su je t to e n lyzed .

140 MAPS AND PLANS

The m ps nd pl ns in the Mining nd Re l m tion Pl n will orrespond with the requirements
in R645-301-140 .

150 COMPLETENESS

Hidden Splendor elieves the inform tion in this permit ppli tion to e omplete nd orre t .

M y 2004
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Li enses nd permits needed to ondu t o l mining oper tion re listed elow .

LICENSES & PERMITS - HORIZON MINE

M y 2004

PERMIT ISS ING A THORITY

C/007/020 Division of Oil, G s, & Mining
1594 est North Temple, Suite 1210
P.O. Box 145801
S lt L ke City, t h 84114-5801

Constru tion & Air Qu lity
DAQE-700-00

Division of Air Qu lity
288 No. 1640 est
P.O . Box 16690
S lt L ke City, t h 84116-0690

Constru tion, Sediment tion Pond nd
Dr in ge System

Division of ter Pollution Control
288 No. 1460 est
P.O. Box 16690
S lt L ke City, t h 84116-0690

ter Rights (le sed) Division of ter Rights
453 S. C r on Avenue
Pri e, t h 84501

Constru tion Sewer F ilities Southe stern t h He lth Distri t
6 E st M in Street
Pri e, t h 84501

C r on County Pl nning & Zoning C r on County Courthouse
Pri e, t h 84501

PDES ( TG040019) St te of t h
Dep rtment of Environment l Qu lity

ter Qu lity Division
288 No. 1460 est
S lt L ke City, t h 84114-4870

MSHA (see Se tion 112 .700) .S. Dep rtment of L or
Mine S fety nd He lth Administr tion
P .O. Box 25367
Denver, Color do 80225
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CHAPTER 3

OPERATION AND RECLAMATION PLAN

3.1 S ope

This h pter outlines the s ope of oper tion nd re l m tion for the Horizon Mine. The proposed
o l mining nd re l m tion tivities will e ondu ted in ompli n e with the oper tion nd

re l m tion pl ns .

3.2 Surf e F ilities Constru tion Pl ns

The Horizon surf e f ilities will e lo ted in - Jewkes Creek C nyon nd Port l C nyon (see
Pl tes 1-1 nd 3-1) .

Cross Se tions nd M ps

Dre~in hr IIAir+r,rl Arni~ DI,n4e '2_Q nnr1 '2_1(1 hn%ni +h Ir r`^''

	

^^-'

	

e +

of tive, in tive, or ndoned underground workings, in luding openings to the surf e, within
the permit nd dj ent re s. Also re s within these mines th t h ve een se ond mined . No
previously surf e-mined re s re known to exist within the permit re .

The yCI ICI ll C l_6 _2 11 _1 ll IC v ll.ll 4 of the Horizon Mine h s long een used for o l mining . r uul*
underground oper tions were formerly lo ted on or within short dist n e of the permit re .
These mines were the Consumers, Sweets, N tion l, nd Be ver Creek Mines . Sweets, N tion l,
nd Consumers were tive from the l te 1920s to the e rly 1950s nd re presently losed . The

Be ver Creek Mine w s opened in 1969 nd oper ted origin lly under the n me of the Gordon
Creek No. 3 Mine. The mine w s pur h sed y Gener l Explor tion Co . in 1973 nd then g in
y Be ver Creek Co l Comp ny in J nu ry 1980. Mu h of the re to e o upied y the surf e

f ilities h s een distur ed y previous mining oper tions, with most of the m jor distur n es
in this re o urring prior to 1950 .

Existing Surf e nd Su surf e F ilities nd Fe tures . Other th n the surf e f ilities
dire tly sso i ted with the Horizon Mine, no uildings re lo ted in nd within 1000 feet of the
permit re . Furthermore, no m jor ele tri tr nsmission lines, pipelines, or gri ultur l dr in ge
tile fields exist within, p ssing through, or p ssing over the permit re .

Prior to onstru tion of the Horizon Mine surf e f ilities, pu li ro d, nd some old on rete
found tions existed within the urrent distur ed re . However, no int t uildings were present
within the urrent distur ed re .

L ndowner, Right-of-Entry, nd Pu li Interest . Pl tes 4-1 nd 4-2 of Ch pter 4 show the
ound ries of l nds nd the n mes of present owners of re ord of surf e l nds nd su surf e
o l, respe tively, in luded in or ontiguous to the permit re . Horizon h s leg l right to enter
nd ondu t o l mining oper tions on ll of the l nds within the permit re , s noted in Ch pter

2 of this M&RP nd the Appendi es 2-1 nd 2-3 .

3-1
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Mining Sequen e nd Pl nned Su siden e . The mine pl n for the Horizon Mine is presented
I I I -IdLC 3 -3. N uI I CA l :C I iuI L,-)d I II:C dl C I I dI ILIy dI ILILIpdLC I ill I LI le pd1 f IIIL d1 dd eyond th t

presented in this M&RP (i .e ., within the distur ed- re ound ry noted on Pl te 3-1) . Pl nned-
su siden e minin methods will e used in ll of the under round mine workin s shown on Pl te
3
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L nd Surf e Configur tion . Surf e ontours of undistur ed re s dj ent to distur ed re s
sso i ted with the mine re shown on Pl te 3-1 . As previously st ted, surf e distur n es
sso i ted with mining h ve een in existen e in the re sin e the mid-1920s . As result, pre-

mining topogr phi m ps do not exist . However, the surf e ontours in undistur ed re s shown
on Pl te 3-1 re onsidered gener lly indi tive of origin l l nd slopes in the vi inity of the mine .

A m p showing topogr phi onditions prior to distur n e y Horizon is provided s Pl te 3-6 .

Certifi tion . here required y the regul tions, ross se tions nd m ps in this permit
ppli tion h ve een prep red y or under the dire tion of, nd ertified y, qu lified registered

profession l engineers or l nd surveyors . As ppropri te, these persons were ssisted y experts
in the fields of hydrology, geology, iology, et .

Previously Mined Are s. A ertified m p showing the lo tion of previously mined re s within
the permit nd dj ent re s is provided s Pl tes 3-9 nd 3-10.

3.2.1 Site Sele tion nd Prep r tion

Ro ds nd p ds th t will e onstru ted in support of the mine will e onstru ted with ut nd
fill te hnique. Topsoil resour es will e onserved s outlined in Ch pter 8. The surf e f ilities
will e on priv tely owned surf e .

3-2
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3.2.2 Mine Port ls

See Se tion 3.3 .1 .2 for mine port l des riptions. Port l lo tions re noted on Pl te 3-1 .

3.2.3 Surf e Buildings nd Stru tures

Lo tions of proposed surf e uildings nd stru tures re shown on Pl te 3-1 . pon termin tion
of mining oper tions, ll stru tures will e removed nd the re re l imed s outlined in Se tion
3.5 .

Surf e F ilities . Pl te 3-1 shows the lo tions of the following surf e f ilities :

•

	

Buildings, utility orridors, nd f ilities to e used, in luding :

ter T nk - one met l t nk on on rete p d,
Fueling St tion - met l t nk nd ont inment stru ture with fueling equipment,
Stor e Buildin - port le uilding_ , to e used ove ground or underground,
Tr nsformer - port le, to e used ove ground or underground,
Port ls - see Se tion 3.3 .1 .2,
Conveyor - see su sequent portions of this Se tion,
F n - met (stru ture ont ining f n,
Su st tion ' - met l stru ture sitting on gr vel nd on rete p d,
Ro ds - see Se tion 3.2.3.300,
Sediment tion Pond - see Ch pter 7,
Tem or -Offi e .Tr ile.r. mo ile .tr iler	

1
.

.

	

. . . . . . . . .
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9-9.

B th House Tr iler - mo ile tr iler,
P rking Are s - soil p ds,
Stor ge:Are s - soil p ds,

€ ±°

	

Crusher nd S reen - met l stru ture on on rete p d/footings,
Emergen y Es pew y - orrug ted met l,
Dumpster(s) - met l, ontr tor owned,

•

	

The re of distur n e t the mine mouth,

•

	

Co l stor ge nd lo ding f ilities, nd

•

	

The explosive stor ge nd h ndling f ility, whi h in ludes pproved explosive
m g zine(s) .

Dr in ge f ilities re shown on Pl te 7-4, in luding the site sediment tion pond, ulverts, nd
dit hes .
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Cross se tions of the surf e f ilities re provided on Pl te 3-2 . The distur ed re shown on
Pl te 3-1 is the s me s the l nd re for whi h perform n e ond or other gu r ntee h s een
posted .

Tr nsport tion F ilities . Ro ds th t h ve een onstru ted, used, or m int ined y Horizon
in the permit re for the mining nd re l m tion oper tions re shown on Pl te 3-1 . No r il
systems or overl nd onveyor systems (other th n the m teri l-h ndling onveyors in the mine
y rd) will e sso i ted with the permit re . Dr in ge stru tures sso i ted with the ro ds re
dis ussed in Ch pter 7 of this M&RP. Typi l ross se tions of the prim ry ro ds re provided
on Pl te 3-4 .

Two m teri l h ndling onveyors exist on the surf e t the mine site . As noted on Pl te 3-1, the
mine elt will tr nsport o l from the mine to the st ker elt whi h will onvey the o l to the o l
sto kpile/ o l stor ge re , from whi h the o l will e lo ded into tru ks for off-site tr nsport .
These onveyors will e of suffi ient size ..,to.,h ndle .the . .rodu tion . levels . oomin ,from .1he,min.e: :

	

.
nd . . :the, nti ip ted :truko din. ::r tes,. ..,:. . :

The sh n lyzer determines the potenti l qu ntity of sh ontent in o l p ssing through the
onveyor .. :. The: n lyzer rel ys sign l to omputerized onveyor system . The onveyor system

. .

	

ud:e". f o l drops hutes, either llowing o l to e dropped in one

	

or
sto kpile lo tions within the distur ed re ound ry . The lo tion of the drops nd

n lyzer re shown on Pl te 3-1 .

Surf e F ilities . nderground development w ste whi h is gener ted t the Horizon Mine will
e disposed of underground within the Horizon Mine prior to ringing the w ste to the surf e .

Should it e ome ne ess ry to ring underground development w ste to the surf e, perm nent
sto kpile will e permitted .

A m p of the existing topogr phy prior to distur n e y Horizon is provided s Pl te 3-6. No
re s of pre-Horizon distur n e shown on Pl te 3-6 re su je t to the requirements of R645-200

through R645-203 .

The lo tion of the sediment tion pond is noted on Pl te 3-1 . No w ter tre tment f ilities will
exist t the site other th n the sediment tion pond .

The following f ilities or tivities will not exist or o ur within the permit re :

•

	

Co l prep r tion pl nt,

•

	

Co l le ning,

•

	

Co l pro essing w ste nks, d ms, or em nkments,
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•

	

Dispos l of non- o l (non-w ste ro k) w ste other th n dur le ro k-type
onstru tion m teri ls su h s inder lo k, nd

•

	

Air pollution ontrol f ilities .

Hen e, ertified m ps or ross se tions of these f ilities re not provided in this pl n. The
dur le ro k-type onstru tion m teri ls will e disposed of in underground workings within the
Horizon Mine without ringing this w ste to the surf e or t permitted off-site solid-w ste
l ndfill .

Surf e Configur tions . Certified m ps nd ross se tions showing the proposed fin l (post-
re l m tion) surf e onfigur tion of the Horizon distur ed re re provided on Pl tes 3-7 nd
3-7A, respe tively .

3.2.3.1 Pl ns nd Engineering Designs

All pl ns nd engineering designs presented in this M&RP were prep red y or under the dire tion
of nd ertified y qu lified registered profession l engineer .

Ex ess Spoil . No ex ess spoil (R645-100-200)will e gener ted from the permit re .

Dur le Ro k Fills. No dur le ro k fills will exist in the permit re .

Co l Mine ste . No o l mine w ste dispos l f ilities will exist on the surf e in the permit
re .

Impoundments. The only impoundment to e onstru ted for the mining nd re l m tion
oper tion will onsist of the sediment tion pond (see Pl te 3-1 nd Ch pter 7) . This impoundment
h s een designed under the dire tion of profession l engineer using urrent, prudent,
engineering pr ti es . These designs were ertified y qu lified registered profession l
engineer.

Prim ry Ro ds . The design nd onstru tion of the prim ry ro ds sso i ted with the mine h ve
een ertified y profession l engineer s meeting the requirements of R645-301-534.200 nd

R645-301-742.420 (see Pl te 3-4) .

ri n e From Approxim te Origin l Contour. No v ri n e from the pproxim te origin l
ontour requirements of the regul tions is eing requested in this M&RP .

3.2.3.2 tility Inst ll tion nd Support F ilities

tility Inst ll tions . All o l mining nd re l m tion oper tions will e ondu ted to minimize
d m ge, destru tion, or disruption of servi es provided y ele tri lines, telephone tr nsmission
st tions, w ter lines, nd sewer lines whi h p ss over, under, or through the permit re . Are s
where these utilities will e lo ted re within non-su siden e zones. No other utility inst ll tions
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exist in the permit re . All utility inst ll tions sso i ted with the Horizon Mine will e removed
following mining in ord n e with the re l m tion pl n dis ussed in Se tion 3.5 of this M&RP .

Support F ilities . Support f ilities t the Horizon Mine will e oper ted in ord n e with the
permit issued for the mine. Support f ilities will e lo ted, m int ined, nd used in m nner
th t :

•

	

Prevents or ontrols erosion nd silt tion, w ter pollution, nd d m ge to pu li or
priv te property ;

•

	

To the extent possi le, using the est te hnology urrently v il le, minimizes
d m ge to fish, wildlife, nd rel ted environment l v lues ; nd

•

	

Minimizes ddition l ontri utions of suspended solids to stre m flow or runoff
outside the permit re .

All support f ilities will e removed following mining in ord n e with the re l m tion l ni .1 C^^44 ." 7 I ,.F ill..

ter Pollution Control F ilities. ter pollution ontrol f ilities t the Horizon Mine onsist
of the sediment tion pond nd the ppurten nt stru tures sso i ted with the sediment tion pond .
All w ter pollution ontrol f ilities will e removed following mining in ord n e with the
re l m tion pl n dis ussed in Se tion 3.5 of this M&RP. The sediment tion pond nd
ppurten nt stru tures were onstru ted s dis ussed in Ch pter 7 .

3.2.3.3 Ro d Cl ssifi tion

Prim ry ro ds within the distur ed re in lude the lower h ul ro d loop nd the upper p d ro d .
No n ill ry ro ds exist within the distur ed re . The lo tions of these ro ds re shown on
Pl tes 3-1 nd 3-4 . Typi l ross se tions representing these ro ds re shown on Pl te 3-4 .

The unimproved dirt ro ds outside of the distur ed re ut within the permit re will not e
l ssified. They m y e used y Horizon for ess to the le se re surf es for the olle tion

of monitoring d t (environment l nd su siden e d t ) s well s other uses deemed ppropri te
y Horizon nd s llowed y the sso i ted l ndowner.

3.2.3 .4 Des ription of Tr nsport tion F ilities

No surf e onveyors (other th n those in the mine y rd immedi tely dj ent to the port ls) or
r il systems will e onstru ted, used, or m int ined within the permit re . A des ription of the
onveyor systems th t will e used in the mine y rd is provided in this M&RP .

Ro d Spe ifi tions . Cross se tions of ro ds th t will e used or m int ined y Horizon re
provided on Pl te 3-4. This pl te provides inform tion reg rding ro d widths, gr dients, surf es,
et . Inform tion reg rding ro d dr in ge stru tures is presented in Ch pter 7 .
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The ro d whi h will ess the mine is the Be ver Creek ounty ro d th t extends from
Consumers Ro d to the town of Cle r Creek. Letters from C r on County reg rding the use of
oth Be ver Creek Ro d nd Consumers Ro d re provided in Appendix 3-1 . As indi ted in this
ppendix, these ro ds will e m int ined y C r on County. C r on County h s determined th t

"the interests of the pu li nd ffe ted l ndowners will e prote ted" even though mining nd
re l m tion tivities re pl nned within 100 feet of the ro d .

From the southern ound ry of the permit re , the Consumers Ro d extends e stw rd
pproxim tely 11 .5 miles, ending t .S . Highw y 6 south of Helper. The western 8 .5 miles of

Consumers Ro d etween the permit re nd .S. Highw y 6 is gr vel surf ed, while the
e stern 3 miles is p ved .

Dr in gew y Alter tions . Alter tions of Jewkes Creek nd Port l C nyon reek were inst lled
to ommod te the needs of f ility p ds nd tr nsport tion systems . These lter tions
onsisted of inst ll tion of ulverts ene th the p d re s long oth reeks . Addition l

inform tion reg rding the design of these ulverts is presented in Ch pter 7 of this M&RP .

Inst ll tion of these ulverts provided sever l dv nt ges, in luding : llowing o l h ul ge tru ks
to effi iently enter nd le ve the surf e f ilities re , prote ting the stre ms from o l fines nd
sediment whi h m y e gener ted on the dj ent distur ed re s, providing sp e for equipment
nd m teri l stor ge, nd providing lo tion for snow to e st ked w y from the oper tions
re during winter months . Snow is to e stored in sites th t will dr in dire tly to the

sediment tion pond .

C r on County upgr ded Be ver Creek County Ro d during time th t w s oin ident with the
onstru tion of the Horizon Mine surf e f ilities . The ounty deemed this upgr de ne ess ry

to ommod te not only the nti ip ted tr ffi t the mine, ut lso the logging nd r n hing
oper tions up the nyon th t were not sso i ted with mining . To ommod te this upgr de,
the County re ligned the lower re h of Jewkes Creek, etween the mine nd Consumers Ro d .
This lter tion of Jewkes Creek w s implemented y C r on County, Hidden Splendor Resour es
nd w s not the responsi ility of Horizon .

Ro d M inten n e. Be ver Creek Ro d whi h esses the distur ed re is owned nd will
e m int ined y C r on County. In the event of t strophi event th t uses d m ge to

Be ver Creek Ro d or Consumers Ro d, Horizon will ooper te with the County to promote r pid
rep ir of the ffe ted ro d s soon s pr ti l following the t strophi d m ge . For ll prim ry
ro ds within the permit re th t re not owned y the ounty, Horizon will itself rep ir the ro d
(or use it to e rep ired) s soon s pr ti l following the t strophi d m ge .

The ro ds within the surf e-f ilities re will e m int ined y Horizon s ne ess ry to permit
ess to the respe tive f ilities . The rem ining ro ds in the permit re re unimproved dirt

ro ds. Horizon will ooper te with nd ssist the respe tive l nd or right-of-w y owners in the
m inten n e of these ro ds s required to permit ess for environment l monitoring nd
su siden e surveying .

3.2.3.5 Refuse Piles
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No refuse piles will exist in the permit re .

	 ~ di I IIIIe Yd 1C

Co l mine w ste resulting from mining tivities t the Horizon Mine will e h ndled s outlined
in this se tion nd previously in this M&RP .

ste Empl ement . nderground Development ste ( ND ) will e disposed of in
underground workings .

Ex ess Spoil Fills . No ex ess spoil (R645-100-200) fills will exist in the permit re .

Impounding Stru tures Constru ted of Co l Mine ste . No impounding stru tures will e
onstru ted of o l mine w ste in the permit re .

Dispos l of Co l Mine ste in Spe i l Are s . As indi ted previously, o l mine underground
development w ste gener ted t the Horizon Mine will e disposed of in underground workings
. . . u .

	

v ~... v

	

. vv1 . 1 '8%.0 1 1/ \ 11 I_f,

	

_1 1 IM . . '- d 111 M •1 1 _ % o . •A M_ 1 .A1 4%4 A yl 11 I t.I I% fSI I I%- 1 1 6

w ste meet s fety requirements per 30 CFR 75 .304, 305, 329 .1 330, 400, nd 1711 nd will
inspe t future stor ge. The sour e of this m teri l will e ND resulting from p rtings nd splits
in the o l se m . As indi ted in Ch pter 6, neither id- nor toxi -forming m teri ls re present
in the over urden, under urden, or o l (i .e ., the m teri l th t will omprise the ND th t will
e gener ted from the Horizon Mine) .

The ND whi h will e stowed underground will e kfilled into de d-end p nels prim rily
ne r the outer extent of the re to e mined . B kfilling will o ur prior to se ond mining to
ensure th t dequ te roof support exists in the re . No influen e on the tive mining oper tion
is nti ip ted from the kfilling pro ess .

The underground development w ste to e disposed of underground will e tr nsported to the
kfill re y mine h ul ge equipment nd will e in n uns tur ted ondition . Hen e,

underground ret ining w lls to prevent seep ge of the m teri l into the mine workings will not e
ne ess ry.

After se ond mining, the roof will oll pse, using the ND ro k in the mine to omp t .
Be use the ND will e empl ed prim rily in de d-end p nels ne r the outer extent of the
re to e mined, the surf e effe t of the kfilling oper tion will e to redu e the surf e

expression of su siden e in n re where su siden e will lre dy e minim l . Hen e,
su siden e over the permit re in gener l will still o ur uniformly .

As noted previously, the ND will e empl ed in n uns tur ted ondition using mine h ul ge
equipment. Hydr uli tr nsport medi will not e used to empl e the m teri l . As result, the
ND will not require dew tering, onstru tion of rriers to ret in w ter underground whi h

might dr in from the w ste, or tre tment of w ter from the w ste whi h might e dis h rge to
surf e stre ms. Hen e, no imp ts on the hydrologi regime re nti ip ted due to dispos l of
the underground development w ste in the underground workings .
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nderground Development ste . No underground development w ste will e disposed of on
the surf e in the permit re .

Co l Pro essing ste . No o l pro essing w ste will e gener ted within the permit re .

Co l Pro essing ste B nks, D ms, nd Em nkments . No o l pro essing w ste nks,
d ms, or em nkments will exist within the permit re .

Refuse Piles. No o l mine w ste will e disposed of on the surf e in the permit re .

Sediment Pond nd Dit h Cle n-out M teri l . M teri ls removed during the le ning of oth
the surf e dit hes nd the sediment pond will e pl ed in the re s design ted on Pl te 3-1 or
disposed of t St te- pproved solid w ste dispos l re . The m teri ls sso i ted with the
le n-out should e le n nd not degr de surf e or underground w ter . Colle tively the
design ted re s will store pproxim tely 260 u i y rds . If the need rises, the le n-out
m teri l will e s mpled nd tested ording to R645-301-233 nd if found ept le will e
used s su stitute topsoil or fill m teri l .

The m teri l sto kpile ehind the su st tion will ont in 150 u i y rds nd the sto kpile ehind
the f n will ont in 110 u i y rds. The sto kpiles will h ve 2 :1 slopes nd the m teri l in the
sto kpiles will e seeded in the F ll of 2000 .

The m teri l will e routinely omp ted nd erm will e onstru ted round the perimeter of
the pile to ret in the soil within the stor ge re . Oper tion of the stor ge site will e ondu ted
in ord n e with ll t h nd Feder l Regul tions

The Sediment Pond h s een designed nd ertified nd the pond will e le ned out s
dis ussed in Ch pter 7 .

3.2.3.7 M n gement of Mine Openings

Lo tions of the Hi w th se m port ls re shown on Pl te 3-1 . One of these .o. . .eni.n s serves
s

	

for ingress nd egress of. . ersonnell nd-m hinery,

	

sprim ry p thw y

	

rY, . .:.. .:	
eltw y for remov l of o l from the mine, n

	

used for mine ventil tion .

E h underground mine opening will e prote ted from deterior tion through the inst ll tion of
steel sets nd tim ers . Con rete nd liner pl te steel m y lso e used .

Any port ls whi h e ome tempor rily in tive in the permit re , ut h ve further proje ted
useful servi e, will e prote ted through the inst ll tion of lo k le h in-link g te to prevent
un uthorized entry . rning signs will e posted to identify the h z rdous n ture of the opening .
These prote tion nd w rning devi es will e periodi lly inspe ted nd m int ined in good
oper ting ondition during the period of tempor ry in tivity .

3.2.3.8 Mine Stru tures nd F ilities
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Pre-Existing Stru tures . No int t uildings existed within the urrent distur ed re t the mine
surf e t the time onstru tion w s egun on the Horizon Mine .

As indi ted on Pl te 3-1, the Be ver Creek ounty ro d extending from Consumers Ro d to the
town of Cle r Creek (i .e ., Be ver Creek Ro d) runs long the west edge of the distur ed re .
Those oper tions to e ondu ted within 100 feet of this pu li ro d in lude onstru tion nd
oper tion of the sediment tion pond, stor ge nd lo ding of o l for off-site tr nsport, nd stor ge
of m teri ls, snow, or equipment. The owners of the l nd dj ent to the distur ed re is Hidden
Splendor Resour es (see Figure 4-1) . The interests of the pu li nd the l ndowners will e
prote ted y :

•

	

Complying with the requirements of the surf e l nd le se .

•

	

Condu ting the mining nd re l m tion oper tions in ompli n e with the permit
issued y the St te of t h .

ividIIILdlrIII iy d ueirri dioriy the west eoye or the seoirneriEduon ponu to rninimize ine
potenti l for in dvertent entry into the pond .

Mine-Rel ted Stru tures . Gener lly, ll mine surf e f ilities re lo ted within or in lose
proximity to the sso i ted oper tions re s. Future uilding onstru tion will gener lly involve
gr ding nd prep r tion of found tion re s, ex v tion nd inst ll tion of found tions, uilding
ere tion, interior nd exterior finish work, nd onne tion of utilities . Stor ge re s will gener lly
e open gr ded, providing outside stor ge for l rge supplies . Both uilding sites nd stor ge
re s will e gr ded to ensure effe tive dr in ge to distur ed- re dit hes nd ulverts s noted

on Pl te 7-5. Oper tion nd m inten n e of support stru tures nd f ilities t the Horizon Mine
will involve regul r gr ding of f ility re s, together with inspe tion, le ning, nd rep irs s
required .

Gener l refuse th t is gener ted on site will e stored in dumpster(s) to e situ ted t
onvenient lo tion within the distur ed re . This w ste will onsist predomin ntly of old r tti e
loth, ventil tion tu ing, roken tim ers, wire, roken m hinery p rts, p per, rd o rd, nd

mis ell neous g r ge. This non-h z rdous, non-toxi , non- o l, non-w ste ro k refuse will e
disposed of periodi lly through C r on County t st te- pproved l ndfill .

During site onstru tion, oper tion, nd re l m tion tivities, ny spilled petroleum produ ts su h
s gre se, hydr uli fluid, fuel, oil, joint o ting, or other pollut nts will e removed immedi tely

with the sso i ted ont min ted soil nd disposed of t st te- pproved f ility th t is permitted
to re eive su h w ste. Adequ te spill olle tion m teri ls (in luding sor ents to stop or ont in
ont min nts th t m y enter stre m) will e re dily v il le t the site during these tivities

to ont in ny su h spills .

During onstru tion nd other tivities t the site, wet on rete will not e llowed to enter or
ome into ont t with stre m flows . Any w ter t the site whi h is ont min ted with wet
on rete or other ont min nts will not e dis h rged into stre m h nnels. Con rete tru ks nd
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other equipment used in the mixing nd pl ement of on rete will e w shed in re s well w y
from stre m h nnels .

3.2.4 Co l H ndling

Co l will e rought out of the mine y onveyor. The o l stre m p sses under n sh n lyzer
to determinelthe:potenti l qu ntity of sh ontent of.the.mined . o l. The surf e onveyor system

~~

	

drop points . Pointy #1 A

	

m nu l nd Point #2 is ontrolledonsists of

	

~ ~

	

P
.y. : , omputerized.:,sign l.: from.:the sh n lyzer. The o l flow n e dropped t Points . . :.: . : : : . . : . :::....:

	

. . . . : .: : within the distur ed re ound ry The o l dis h rged into the
sto kpile will e lended y the use of front-end lo der y u ket lo ds or y the st king elt
into the tru ks . The lo tion of the drops nd the sh n lyzer re shown on Pl te 3-1 .

3 .2 . Power System

The power o t ined from t h Power nd Light Comp ny will re h Port l C nyon su st tion y
C nvnn on th

e st side to the su st tion. The lo tion of the power line nd su st tion re shown on Pl te 3-1 .
See Ch pter 10 for dis ussion of r ptor s fe power lines .

3.2.6 ter Supply

ter for non- ulin ry use will e stored in t nk/pond within the distur ed re .

3.2.7 Sew ge System

Chemi l toilets will e used during initi l development, onstru tion, nd oper tion of the mine .
A servi e ontr t will e entered for m inten n e of the hemi l toilets nd dispos l of w ste
therefrom . Addition l sew ge f ilities required for norm l oper tion of the mine ( fter
development) will e designed in ord n e with DH regul tions . Pl ns for sew ge f ilities
will e su mitted for review nd pprov l y DH prior to onstru tion of s id f ilities . It is
nti ip ted th t sew ge f ilities will onsist of olle tion system nd holding t nk .

3.2.8 ter Diversion Stru tures

Diversions will e inst lled to dire t distur ed- re runoff to sediment- ontrol stru tures nd/or
f ilities . Runoff from undistur ed re s will e diverted w y from the distur ed re s to the
extent pr ti l . Det iled dis ussions of the design of diversion stru tures re provided in Ch pter
7 .

3.2.9 Sediment tion Control Stru tures nd ter Tre tment F ilities

All runoff from the distur ed re is dire ted into the sediment tion pond lo ted dire tly elow
the re of distur n e . The pond h s een designed to ont in runoff resulting from the 10-ye r,

M y 2004
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24-hour pre ipit tion event. The pond spillw y h s een designed to s fely p ss the pe k flow
resulting from 25-ye r, 6-hour pre ipit tion event .

The lo tion of the pond is shown on Pl te 3-1 . Design, onstru tion, m inten n e nd oper tion
of the pond re dis ussed in det il in Se tion 7.2.3.2 .

3.2.10 Tr nsport tion

Co l will e tr nsported from the mine vi onveyor nd dis h rged onto the o l stor ge re .
Co l h ndling is dis ussed in Se tion 3.2.4 . Tr nsport tion to nd from the mine site ( o l,
personnel, nd m teri ls) is dis ussed in Se tions 3 .2.3.300 nd 3.2.3.400 .

3.2.11 Tot l Are for Surf e Distur n e During Permit Term

See Se tion 2.117 for the re ge of the proposed surf e-distur n e .

3.2.12 Addition l Are s for Surf e Distur n e for Life of Mine

There re no pl ns to distur ny ddition l surf e re for the life of the oper tion eyond th t
to e initi lly distur ed .

3.2.13 Det iled Constru tion S hedule

Mu h of the re to e in luded in the surf e f ilities h s een previously distur ed .
Constru tion of the surf e f ilities is pl nned to egin when the permit is pproved . Det ils for
onstru tion of the sediment pond re found in Ch pter 7 . A det iled re l m tion s hedule is

presented in Se tion 3.5 .

3 .3 Oper tion Pl n

In the Horizon Mine o l will e extr ted using ontinuous miners, lo ded into shuttle rs, nd
h uled to n underground feeder re ker. The feeder re ker will redu e the:_ :. o l .,to . . . n. . : . . :	. :	: ::..: . . ..:	:.::.ppropri te ,size,,: fter whi h the o l will e„fed.,onto .... onveyor to e rried to the 9''*:*",*
C y ..,, : . . :

	

:, . . . d from the stor ge pile::

	

onto o l tru ks .

Det ils of the groundw ter monitoring progr m re presented in Ch pter 7 .

The o l from the Horizon Mine will e sold on run-of-mine sis, not w shed . Co l of differing
degrees of qu lity will e shipped to the o l termin l nd lended to e sold . Co l to e sold y
Horizon will omply with the definition in R645-100 of the St te of t h Co l Mining Rules
" om uti le r on eous ro k, l ssified s nthr ite, ituminous, su ituminous, or lignite y
ASTM St nd rd D388-95. Appendix 3-10 in ludes t le with ASTM l ssifi tions nd their
orresponding h r teristi s .
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nderground development w ste nd o l mine w ste re dis ussed in Se tion 3 .2 .3 . No imp ts
on the hydrologi regime re nti ip ted due to dispos l of the underground development w ste
in the underground workings .

No underground development w ste will e rought to the surf e or will h ul ge o ur from the
Horizon Mine until the spe ifi on or off-site f ility h s een pproved y the Division to ept
the underground development w ste from the Horizon Mine .

3.3 .1 Mining Pl ns

All mining nd re l m tion oper tions will e ondu ted in ord n e with the pproved permit
nd the requirements of R645-301-510 through R645-301-553 .

Mining pl ns for the term of the proposed permit re shown on Pl te 3-3 . This m p nd Pl tes
3-9 nd 3-10 show the lo tion nd extent of known, existing, dj ent workings s well s
proje tions for mining within the Horizon Mine . Cross-se tions, drill hole elev tions, o l se m nd
over urden str tigr phy, nd other geologi d t re ddressed in Ch pter 6 . A mine workings
m p will e kept urrent from the time of opening. These upd ted m ps will e supplied to the
Division ye rly or when requested .

Horizon pl ns to mine o l from o l l nds th t re om in tion of fee simple nd feder l o l
le ses . Horizon ontrols the fee simple l nd under mining le se with Hidden Splendor
Resour es, Ltd . Two tions h ve een filed with the .S. Dep rtment of Interior, Bure u of L nd
M n gement (BLM) to se ure mining rights on feder l o l l nds within Horizon's proje ted mine
pl n. The first tion, BLM right-of-w y will en le Horizon to ommen e mining with
pproxim tely 1 ye r of reserves. The se ond tion, n Appli tion for Co l Le se will en le

Horizon to le se o l reserves th t will serve for ye rs of mining .

Right-of- y Appli tion, P -73227, Bure u of L nd M n gement

On June 16, 1995 Horizon filed Right-of- y ppli tion with the BLM . The right-of-w y would
llow underground ess to the segmented fee simple l nd p r els ontrolled y Horizon . The
BLM w s prep red to issue the Right-of- y on J nu ry 22, 1996 when Horizon sked the BLM
to hold pprov l pending n mendment. The mendment filed on J nu ry 30, 1996 st tes "the
results of the explor tion progr m ondu ted y Horizon in the F ll of 1995 under Feder l Co l
Explor tion Li ense P -74111 h ve ondemned the e onomi fe si ility of mining the
C stleg te se m. However, the explor tion onfirmed th t the Hi w th o l se m development
is fe si le proje t. The origin l proposed ourse of the underground workings portr yed in the
ppli tion pplied to development of the C stleg te se m . The revised ppli tion refle ts
ourse for the right-of-w y suit le for mining the Hi w th se m". The l nds for the right-of-w y
re in luded within the permit ound ry of this Mine Permit Appli tion. The BLM issue the Right-

of- y in April of 1996 Appendix 2-3) .

Co l Le se Appli tion P -74804, Bure u of L nd M n gement
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On August 16, 1995, Horizon Co l Corpor tion filed Co l Le se Appli tion t the t h St te
Offi e of the Bure u of L nd M n gement. The ppli tion for o l l nds ont ining 1,288 .49

res w s pproved on Septem er 1, 1998. The Be ver Creek Tr t o l le se T -74804 is
in luded in Appendix 2-1 . The d t presented in the Environment l Assessment su mitted to the
Bure u of L nd M n gement is in luded s Appendix 2-6 .

Horizon w s issued Right-of- y through BLM l nds in 1996 to f ilit te mining o l from fee
l nds . The Right-of- y.w s in orpor ted into the Be ver Creek Tr t o l le se T -74804 on
Septem er 1, 1998 . Horizon stipul tes th t it will mine only fee o l nd feder l o l within
the pproved ri ht-of-w

. .
. .le se ss in ludedd inn the.le lides ri tion. .in .Ch ..ter.2 .. . . Horizon. ro'e ts

minin:.g . ,,on.,the . : nds.,: .:

	

:~. .	 :	:	: : . : : . . :. : . . : :	. . . . . . . . . . . . . . . . . .

	

.	. . . . . . . . . . . . . . . . .

	

.	

3.3.1 .1 Orient tion nd Multiple Se m Consider tions

Se m sep r tion in the re r nges from pproxim tely 150 feet to 230 feet . ith this dist n e
nd l nd stru ture indi ted y drill logs, it is onsidered neither ne ess ry nor fe si le to

3.3.1 .2 Port ls, Sh fts, nd Slopes

There will e four port ls in the Hi w th se m. The return port l (existing ro k slope) will e
reh ilit ted nd exp nded for use s the prim ry return. A se ond nd third port l will e f ed
up nd new ro k slopes (300 feet long) will e driven to the Hi w th se m. These two new
slopes will serve s the elt/m teri l, slope.. nd the f n port l respe tively . The fourth port l is
reh ilit ted slope used s es ew . The se onds es ew is lo ted
t the C stleg te A Se m horizon ut onne ts to the Hi w th Se m y steeply in lined ro k

slope. The lo tions of the port ls n e seen on Pl te 3-1 .

3.3.1 .3 Mining Methods, Room nd Pill r, Longw ll

All mining will e done with ontinuous miner/shuttle r h ul ge . In se ond-mining, st nd rd
room- nd-pill r method will e used to m ximize o l re overy. Re overy within room- nd-pill r
p nel is estim ted to e out 60 per ent. Longw ll mining is not pl nned . Pill r extr tion pl ns
re found in Appendix 3-2 .

3.3.1 .4 Proje ted Mine Development, M ins, Su -M ins, P nels, Et .

All entries, m ins, nd p nels, will onsist of multiple system on v rious enters. Room nd
pill r p nels will e driven off the m ins . Addition l rooms will e driven to widen the p nels
during retre t mining . B rrier pill rs will e left to sep r te p nels nd m ins . The m ins will e
pulled upon fin l retre t of the mining oper tion. S fety f tors for roof onditions using uni xi l
ompression d t re presented in Appendix 3-3 .

3.3.1 .5 Retre t Mining
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Room nd pill rs re l id out so th t pill r uts n e extr ted with full ut of ontinuous
miner using. : jr dio:remote . ontrol .. ..The:.pili r :is:extr ted with su essive uts y the ontinuous
miner . : .: . : .:

	

t.1 will e inst lled t~

	

o support the roof nd provide
roof re ker ontrol. It is estim ted th t mining will provide re overy r te of 60 per ent .

3.3.1 .6 Roof Control, entil tion, ter Systems, Dust Suppression,
Dew tering, Ele tri l

An pprov l of the Roof Control, entil tion, nd Dust Control Pl ns will e o t ined from the
ppropri te regul tory gen y.

An ssessment of groundw ter onditions within the Mine n e found in Ch pter 7 . Dew tering
pl ns will e developed should it e ome ne ess ry .

3.3.2 B rrier Pill rs

Prote tive rrier pill rs will e utilized where ne ess ry, norm lly r nging from 100 feet to 300
feet in width, depending on the depth of over nd the purpose of the rrier. B rrier pill rs will
e left on either side of the m in entries . B rrier pill rs in the m ins will e extr ted on fin l

retre t .

3.3.2.1 Prote tion of Oil nd G s ells

There re no oii or g s weiis in this re .

3.3.2.2 Prote tion of Surf e Stru tures nd Stre ms

No surf e stru tures exist within the zone of potenti l su siden e .

3.3.2.3 Property Bound ries

A prote tive rrier pill r with width of pproxim tely 80 to 100 feet will e left t ll property
ound ries .

3.3.2.4 Out rop Prote tion

A prote tive rrier pill r with width of pproxim tely 100 feet will e left when dv n ing tow rd
or long n out rop .

3.3.2.5 Other
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At ny time l nd slide o urs whi h m y h ve n dverse effe t on pu li property, he lth,
s fety, or the environment, the Division will e notified y the f stest v il le me ns. Horizon
ommits to omplying with remedi l me sures required y the Division .

As p rt of the oper tions pl n, f ilities p d will e onstru ted from v il le on-site m teri ls .
On-site m teri ls in lude the em nkment lo ted t the mouth of Port l C nyon. Test pits
indi te th t some of the m teri l ont ined in the em nkment is omprised of o l nd o l
mine w ste. It is estim ted th t 2500 CY of o l nd o l mine w ste m y e ont ined in the
em nkment. This m teri l will e removed from the em nkment, pl ed in the f ilities p d
re , nd overed with t le st four feet of ppropri te kfill m teri l . To omplish this t sk,

the p d re will first e stripped of veget tion nd topsoil s des ri ed in Se tion 8.7. The
ppropri te uts of over urden will e m de to hieve the rough gr de . The o l nd o l mine
w ste will then e pl ed in the fill re s nd overed with four feet of kfill .

A potenti l stor ge volume of pproxim tely 2740 for the o l nd o l mine w ste w s l ul ted
from the ross-se tions illustr ted on Pl tes 3-1 nd 3-2 . Appendix 3-8 ont ins pl te showing
pproxim te lo tions of uried o l mine w ste .

The Port l C nyon f ilities p d will e uilt with 4 feet of ept le kfill overing ny o l
or o l mine w ste m teri ls. No o l or o l mine w ste will e used s fill in the re s pl nned
for the re l m tion stre m h nnels in Port l or Jewkes C nyon .

3.3.2.6 nderground Development ste

See Se tion 3.3 .

3.3.2.7 Return of Co l Pro essing ste to nderground

There is no pl n to return o l pro essing w ste to the underground .

3.3.3 Conserv tion of Co l Resour e

The m ximum qu ntity of o l will e extr ted th t is onsistent with s fe oper tion of the mine
nd the mining methods to e employed . Engineering, produ tion, nd supervision of mining
tivities will e ge red tow rd this end . If pl ns for resour e re overy or ndonment (in luding

port l se ling) h nge in the future, the .S. Bure u of L nd M n gement nd the Division will
e properly informed .

3.3.3.1 Proje ted M ximum Re overy

Co l reserves within the permit re re summ rized elow . Re over le reserves were
estim ted using re overy r te of 60 per ent of the mine le reserve se.
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Are
Hi w th Se m (million tons)

Tot l Mine le Re over le

Origin l Permit Bound ry

2000 Revised Permit Bound ry

Rem ining Co l Le se
T -74804

Tot l

8 .45 8.31 4.95

3.3.3.2 Justifi tion for Non-re overy

All o l th t n e onomi lly nd s fely e re overed will e re overed . B rrier pill rs nd uffer
zones will e left only where required to prote t surf e resour es, provide s fe mining onditions,
nd s required y l w or regul tion .

3.3.3.3 A ess for Future Reserves

A ess to ddition l reserves will depend upon the results of explor tion tivities nd o t ining
le ses . However, it is urrently nti ip ted th t the mine workings ontempl ted y this pl n will
provide ess to reserves in Se tions 6, 7, 8, nd 18, T13S R8E .

3.3.4 Equipment Sele tion

M jor equipment to e used underground will in lude the following :

2 - Continuous Miner
3 - Roof Bolter RD1-43
6 - Shuttle C rs
2 - Feeder Bre ker
3 - S oop
1 - Compressor
2 - Ro k Dusters
5 - Conveyor Drives & T il Pie es
3., Dror) .Chutes : ... . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aik

1 Dust gon
1 - Power Center
3 - Tr nsformers
2 - Pumps
1 - Su st tion

M jor equipment to e used on the surf e will in lude the following :
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- Gr der
1 - Lo der
1 - M teri l Tr tor
1 - elder
3 - Fl t ed M teri l Tr ilers

3.3.5 Mine S fety, Fire Prote tion, nd Se urity Mine S fety

The mine will e oper ted in ord n e with Mine S fety nd He lth Administr tion (MSHA) nd
ppli le St te of t h regul tions. S fety tr ining will e t ught nd poli ies implemented for
s fe oper tion .

Fire Prote tion

All surf e nd underground equipment will e provided with MSHA-required fire prote tion . In
uwuon, ueli urive5 will ue equippeu w n ueiuge systems ror Tire prote tion . vv ter ones will tso
e equipped with outlets nd fire hoses t regul r interv ls. Should mine w ste fire o ur, it will
e extinguished using w ter, extinguishers, ro k dust, fo m, or y se ling off the fire. Mine

personnel will e tr ined in the use of fire-fighting te hniques .

There will e no open urning on the surf e . All g r ge will e ont ined in dumpsters nd
h uled to the C r on County L ndfill . If fl mm le w ste m teri ls (oil, et .) re gener ted, these
will e disposed of in ord n e with regul tions promulg ted y the t h Division of Solid nd
H z rdous ste . Dispos l methods nd lo tions will e determined sed on the
h r teristi s of the fl mm le w ste .

Impoundment H z rds

Impoundment h z rds will e reported promptly to the Division nd the emergen y pro edures
formul ted for pu li prote tion nd remedi l tion .

Se urity

Mine port ls will e signed nd overed y lo ked g tes when the mine is in ess tion .

3.3.5.1 Signs

Spe ifi tions

All signs will e of st nd rd design th t n e seen nd re d e sily . They will e m de of
dur le m teri l (tre ted/p inted wood or met l) nd supported y met l or wooden posts .
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Identifi tion Signs

Mine identifi tion signs will e pl ed t the entr n e to the mine y rd . Signs will show the mine
n me, omp ny n me, usiness ddress, telephone num er, ID Num er, nd Permit Num er .
These signs will e m int ined until ond rele se following re l m tion . Typi l mine
identifi tion signs re presented s Figures 3-3 And 3-4 .

Distur ed Are Perimeter nd Buffer Zone M rkers

Distur ed re perimeter m rkers will e steel fen e posts. The posts will rry signs t sele ted
points, with the design tion "Distur ed Are Perimeter M rker" (see Figure 3-4) .

Bl sting Signs

hen prep ring to l st, "Bl sting" signs will e pl ed long the edge of ny l sting re th t
omes within 100 feet of ny pu li ro d right-of-w y, nd t the point where ny other ro d

provides ess to the l sting re . In ddition sign whi h st tes " rning, Explosives in se"
whi h dPS rihPq the udi le l st w rninn ll le r signs nd m rkinns sso i ted with the
w~w.ru~ ~y .. ~ ve. . rr .u wv ~ . . .~..vvrw u • i .v v . .u w . .vvw~ •v •. .v r.v	~	 . . . (		J	J .. .

Topsoil M rkers

Topsoil will e stored on the mine site t the lo tion noted on Pl te 3-1 . Topsoil stor ge piles nd
topsoil l yered on interim re l m tion slopes will e m rked with signs s shown on Figure 3-4 s
"topsoil stor ge re s" .

3.3.5.2 Fen es nd G tes

Mine port ls will e signed nd overed y lo ked g tes when the mine is in ess tion .

3.3.5.3 Fire Prote tion

F ilities

All f ilities will e equipped with fire extinguishers . ter outlets nd fire hoses will e v il le
t spe ifi lo tions .

Co l Sto kpiles

The o l sto kpile will e tempor ry nd will e lo ded out t frequent interv ls, thus redu ing the
potenti l for spont neous om ustion .

Co l Se m

No open urning will e llowed t the mine . All o l out rops resulting from mining will e
overed with in om usti le m teri l upon ess tion of oper tions, s dis ussed in Se tion 3.5 .
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PERMIT NO .-

I
I~	 'I

FIG RE 3-3. MINE IDENTIFICATION SIGN .
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HORIZON MINE
STREAM B FFER ZONE

18" X 12"

HORIZON MINE
B FFER ZONE

DO NOT DIST RB

18"X12"

HORIZON MINE
TOPSOIL STORAGE
DO NOT DIST RB

18" X 12"

HORIZON MINE
DIST RBED AREA

PERIMETER
MARKER

8" X 12"

FIG RE 3-4. IDENTIFICATION SIGNS .
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3.3.5.4 Explosives

Any explosives utilized in underground oper tions will e used in ompli n e with ppli le St te
nd Feder l l ws . Explosives will e h ndled nd used only y persons tr ined, ex mined, nd
ertified s required y 30 CFR 850 nd the t h St te Industri l Commission . Explosives will e

stored in f ility designed for their ont inment nd s fety .

Mining nd re l m tion tivities t the Mine m y require the use of l sting or explosives on the
surf e during onstru tion or destru tion of the surf e f ilities . Horizon will omply with ll
lo l, St te, nd Feder l l ws in the use of explosives t times when l sting is required t the
Mine. A ertified l ster will dire t ll l sting oper tions with the help of t le st one other person
who h s een tr ined (R645-301-524.140) . Bl sting re ords will e m int ined per R645-301-
524.700 nd kept on file t the Mine for the required period of time .

A pre l sting design/survey will e su mitted to DOGM when l sting tivities meet the
following riteri :

Bl st requires the use of more th n five pounds of l sting gent or explosive,

•

	

Residents, dwellings or stru tures exist within %2 mile r dius of the re of potenti l
l sting nd owners of stru tures request pre l sting survey .

A s hedule of l sting will e m de in inst n es when the DOGM regul tions nd onditions t
the Mine require s hedule .

All explosives ont iners used t the mine will e onstru ted to meet or ex eed the requirements
of the Mine S fety nd He lth Administr tion. The lo ked surf e stor ge ont iners (one for

ps nd one for powder) will e pl ed in lo tion th t will ensure the prote tion of the
environment nd personnel (see Pl te 3-1) .

All underground l sting tivities t the Mine will e ondu ted under the dire tion of MSHA
ertified l ster .

3.3.5.5 M n gement of Mine Openings

Four port ls will serve the Hi w th se m . Two port ls exist from previous mining. Two ddition l
ro k slopes will e driven to open the new mine . For e h of these port ls the f eup will e
se ured nd nopies will e inst lled to meet MSHA st nd rds .

During oper tion of the Horizon Mine, ess to ll mine openings re ontrolled y the oper tor
during working nd nonworking hours .

Perm nent se ling of underground openings is dis ussed in Se tion 3.5.3.1 .
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3.3.6 Oper tions S hedule

3.3.6.1 Annu l Produ tion Per Ye r for Permit Term

Co l will e produ ed from the mine t n nti ip ted r te of pproxim tely 700,000 tons per ye r .
The produ tion ould in re se to 1 .5 million tons oer ye r when feder l o l le ses re se ured
nd if the m rket di t tes nd mining onditions re f vor le .

3.3.6.2 Oper tions S hedule - D ys - Shifts

Produ tion will o ur in two produ tion shifts per d y nd sm ll rew will perform m inten n e
work nd other non-produ tion jo s on the off produ tion shift .

3.3.6.3 4 Tempor ry Cess tion

If oper tions re to e tempor rily e sed for more th n 30 d ys, Horizon will su mit to the
Division noti e of intention to e se or ndon the oper tions. In ord n e with 8645-301-
529 .210. e h mine entry th t h s further proje ted useful servi e will e prote ted y rri des
or other overing devi es, fen ed, nd posted with signs to prevent ess into the entry nd to
identify the h z rdous n ture of the opening . These devi es will e periodi lly inspe ted nd
m int ined y Horizon .

3.3.7 Mine Permit Are

3.3.7.1 A re ge nd Deline tion of Mine Permit Are

See Ch pter 2 for the tot l re ge ont ined within the mine permit ound ry .

3.3.7.2 Proje ted Mining y Ye r

The proje ted mining y ye r is shown on Pl te 3-3 .

3.3.8 Mine Pl n Are

Horizon pl ns to mine within the mine permit ound ry s shown on Pl te 1-1 1 -1 tintfl it permits

d t is v il le. Pl ns for mining eyond the permit term will e developed s ddition l
inform tion is quired . No new re s will e mined until ppropri te permits h ve een o t ined
from their orresponding regul tory gen ies .

3.4 Environment l Prote tion

3.4.1 Preserv tion of L nd se

pon ompletion of mining oper tions, fin l re l m tion work will ommen e. Re l m tion efforts
will e dire ted to re re ting the pre-mining l nd use . This will e hieved y use of ept le
seed mixtures. Refer to Ch pter 4 for pre-mining l nd use inform tion .
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3.4.1 .1 Proje ted Imp ts of Mining on Current nd Future L nd- se

Current nd future l nd uses re dis ussed in Se tions 4.4 nd 4.5 .

3.4.1 .2 Control Me sures to Mitig te Imp ts

Full ill r extr tion will not o ur ene th the

	

: r for nests indi ted on	 ::. . . .: . . . . : : : :	: :	:

	

P
10 1 . :. . . .

	

B sed on the ound ries o: .f the present surf e. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .
distur n e, no pu li p rks or histori sites will e imp ted y mining oper tions. A further
dis ussion of Cultur l Resour es m y e found in Ch pter 5 .

3.4.2 Prote tion of Hum n lues

3.4.2.1 Proje ted Imp ts of Mining on Hum n lues

As dis ussed in Ch pter 5, no histori l sites listed on the N tion l Register of Histori l Pl es
re known to exist within the proposed distur ed re s . In ddition, no known r h eologi l sites1 . ._x,,,,4 ----

3.4.3 Prote tion of Hydrologi B l n e

Horizon will employ v rious ontrol me sures to prote t the hydrologi l n e of the permit re
nd sediment tion ontrols will e provided for ll distur ed re s .

ter rights on file with the t h Division of ter Rights nd lo ted in the vi inity of the permit
re re noted in Appendix 3-5 . Should Horizon's mining tivities use n dverse imp t on

the re 's w ter supply, the ppli nt intends to mitig te the effe ts (see Se tions 3.4.8 .2 nd
7.1 .6) .

Diversions will e est lished to dire t flow from distur ed re s to the sediment tion pond. If
w ter is en ountered during mining oper tions, this w ter will e used for underground oper tions
when possi le. An PDES permit h s een o t ined for the mine (see Appendix 3-6) . If the
qu ntity of underground w ter en ountered y mining ex eeds the mount required for mining
oper tions, dis h rges of w ter from underground workings will e monitored to ensure th t
effluent limit tions re met.

3.4.3.1 Proje ted Imp ts of Mining on Hydrologi B l n e

The pro le imp ts of mining on surf e or groundw ter resour es in the re . . re . . dis ussed
in Ch ter 7 Runoff- nd sediment- ontroll f ilities within the distur ed re. . . . . . . .. . .::: : : : : . . : ::. :::::::. : :.:.;:;:.: . .:, .: . . :

	

....::. . .

	

:	:.

	

:.:.;.;:.: :::. : : : . :;:	: . :::. : . :. . .: will pre lude signifi nt
		

imp ts to surf e w ter in the re . Groundw ter investig tion nd monitoring tivities
sso i ted with the Hi w th se m nd its dj ent str t will ontinue, thus llowing

determin tion of the potenti l groundw ter imp ts of mining in the Hi w th se m . A su siden e
monitoring progr m (see Se tion 3.4.8) will provide sis for determining possi le imp ts due
to su siden e.
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3.4.3.2 Control Me sures to Mitig te Imp ts nd Monitoring
Pro edures

Horizon will m int in sediment tion ontrol stru tures to prevent imp ts to the surf e w ters in
Jewkes Creek nd the North Fork of Gordon Creek . In the event th t the qu ntity of groundw ter
en ountered during mining is in ex ess of underground requirements, the w ter will e settled first
in underground sumps nd then dis h rged to the surf e. Any su h dis h rges will e monitored
in ord n e with the PDES permit .

Surf e nd groundw ter monitoring progr ms h ve een or will e implemented to ssess the
imp ts of mining oper tions t the Mine on hydrologi resour es in the re . Det ils of these
monitoring progr ms re presented in Ch pter 7 .

3.4.4 Preserv tion of Soil Resour es nd Proje ted Imp ts of
Mining on Soil Resour es

Soil resour e inform tion for the mine re is presented in Ch pter 8 . Soil surveys were
performed in the re in M v 1980 nd in J nu ry 1990 . N tur lly-o urring nd presently-
ui5 ui ueu su is were ueimed eu. n e purposes or the surveys were to i entiry soils n tneir
stripping depths for s lv ging suit le n tur l soil prior to ddition l distur n e nd to determine
the mount of topsoil v il le for fin l re l m tion .

Most of the existing distur n e t the mine o urred prior to en tment of P . L. 95-87 or the t h
Interim Progr m th t set forth regul tions for s lv ging topsoil (i.e ., pre-1950's distur n e) .
However, some topsoil exists long the shoulders of ut re s where it w s not distur ed during
previous onstru tion tivities .

During onstru tion of surf e f ilities, v il le topsoil resour es will e segreg ted nd
sto kpiled s indi ted in Ch pter 8. In ddition, presently-distur ed soils will e refully h ndled
to s lv ge s mu h soil s possi le for potenti l future use s su stitute topsoil m teri ls .

3.4.4.1 Control Me sures to Mitig te Imp ts to Soil Resour es

Surf e distur n es will e limited to the distur ed re ound ry noted on Pl te 1-1 . Topsoil
th t is sto kpiled for future re l m tion efforts will e veget ted with n interim over to redu e
erosion of the sto kpile . All re s distur ed during mining tivities will e re l imed in

ord n e with the pproved re l m tion pl n (see Se tion 3.5) .

3.4.5 Prote tion of eget tive Resour es

3.4.5.1 Proje ted Imp t of Mining on eget tive Resour es

Previous mining tivities h ve resulted in lter tion of n tur l veget tion t the site re . The
m jority of this re h s een distur ed previously y mining oper tions .
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3.4.5.2 Mitig tion Me sures to e Employed to Redu e Imp ts on
eget tive Resour es

All mining tivities will e ondu ted within the proposed distur ed re . Tr ffi will e onrine
to est lished ro dw ys nd p ds . pon ompletion of mining, ll re s whi h re distur ed y
Horizon will e re l imed s des ri ed in Se tion 3 .5.3 .

3.4.5.3 Monitoring Pro edures - Referen e Are s nd Reveget tion

Se tions 3 .5 .5, 3.5.6 nd 9.8 dis uss the monitoring pro edures nd reveget tion to e
undert ken during mining nd re l m tion oper tions .

3.4.6 Prote tion of Fish nd ildlife

3.4.6.1 Potenti l Imp ts on Fish nd ildlife

Potenti l imp ts on fish nd wildlife re dis ussed in Se tion 10.4 .

3.4.6.2 Mitig tion nd M n gement Pl ns

Refer to Se tion 10.5 for mitig tion nd m n gement pl ns .

3.4.6.3 Fish nd ildlife Monitoring

Monitoring is dis ussed in Se tion 10.5 .

3 .4.7 Prote tion of Air Qu lity

Air qu lity inform tion for the re is presented in Ch pter 11 .

3.4.8 Su siden e Control nd Monitoring Pl n

3 .4.8.1 Stru tures

A se r h of the site files t the t h Division of St te History turned up no re orded sites in, or
ne r, the proje t re . Sin e the identified sites re ndoned homeste d ins or mining

mp dwellings nd re not re orded s w rr nting preserv tion efforts, no spe i l mining
te hniques re deemed ne ess ry for their prote tion . The r h eologi survey is des ri ed in
det il under Ch pter 5 of this pl n .

3.4.8.2 Renew le Resour es

Hydrologi nd veget tive renew le resour es exist within the permit re . One perenni l
stre m, Be ver Creek, nd v rious springs re known to exist ove the re to e mined . B sed
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on p st experien e nd monitoring results from this re , it is not expe ted th t mining will ffe t
ny surf e hydrologi resour e through su siden e.

A depression of the groundw ter t le is expe ted round the tive mine workings . A re ound
of this w ter t le will o ur fter tive mining e ses nd pumping tivities h ve lso e sed .
This is witnessed in the w ter level in the Blue Bl ze mine prior to the st rt of the Horizon Mine .
Should su st nti l inflow of groundw ter o ur, mitig tion me sures m y in lude : ttempts to
se l off the inflow, in re sed monitoring efforts, lining of the stre m ed through the ffe ted re
if it is determined to e surf e w ter, nd repl ement of lost w ter if the groundw ter does not
re ound fter mining is ompleted s indi ted y monitoring .

An extended mitig tion pl n will e en ted should me sur le imp t o ur to surf e w ter
due to mining tivity. The mitig tion pl n will e orrel ted with ter Rights nd DOGM.

The veget tion resour e ove the mining re onsists of r ngel nd for sto k nd wildlife gr zing
nd limited tim er resour e. If su siden e should o ur, the effe ts would e minim l, possi ly

resulting in some fr tures or slight depressions . Thus, the effe t upon veget tion resour e would
lso e minim l . Should imp ts to veget tion o ur due to su siden e, mitig tion me sures m y

in lude : filling of fr tures, regr ding of roken re s, repl nting degr ded re s, nd intensified
monitoring .

3.4.8.3 Geologi H z rds

Geologi h z rds in the mine re exist in the form of steep slopes nd numerous in tive norm l
f ults . Roof onditions will typi lly worsen in these re s due to fr turing nd sli kensides ;
however, no surf e movement or new effe ts h ve een noted to d te from mining through f ult
zones in this re .

Movement ould result in ro k f lls from exposed out rops; however, no eviden e of su h f lls or
movement h s een noted in this re from p st mining . There re no potenti l l ndslide or
slump re s known to exist th t were used y previous mining tivities in the re .

3.4.8.4 Su siden e

Su siden e n norm lly e expe ted to o ur over re s where se ond mining (pill ring -
remov l of gre ter th n 50% of the o l) h s t ken pl e. M ximum potenti l su siden e from
pill r extr tion in the Mine (the Hi w th se m) h s een estim ted from Figure 3-5 using the
following riteri :

P nel idth = 600 ft
Aver ge Depth = 800 ft

idth/Depth R tio = 0.75
Se m Thi kness = 7 .0 ft
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sing these d t , su siden e due to ill r extr tion in the Hi w th se m ould re h 2 33 feet
dire t) _ over ill red . . nel . .

g in, p st experien e in this re suggests th t
su siden e would e of lesser m gnitude .

The following o serv tions nd on lusions reg rding su siden e h ve een m de from p st
mining tivities in the vi inity of the proposed mine :

(1) Pill ring in the upper (C stleg te "A") se m h s previously o urred ene th
Be ver Creek (Pl te 3-9) . Spe ifi lly, the northernmost west p nel w s pill red
ene th Be ver Creek y Swisher Co l Comp ny in J nu ry 1978 in n re s

where the over urden thi kness w s out 650 feet . In ddition, in Septem er
1981, Be ver Creek Co l Comp ny pill red the "A" P nel re ene th Be ver
Creek in n re with n over urden thi kness of pproxim tely 425 feet. Neither
of these re s show ny me sur le effe t on Be ver Creek .

(2) The Gordon Creek No. 2 Mine overlies re s pill red up to 40 ye rs go in the
lower se m (Sweet's Mine) with no noti e le su siden e effe ts . The Consumers
No. 3 Mine lso pill red re s in the permit re whi h show no noti e le
su siden e effe ts .

(3)

	

The over urden in the permit re ove the C stleg te "A" se m (with thi kness
of 600 to 800 feet) ont ins m ssive s ndstone units whi h re unlikely to llow
Q II I CIICL,L L I O I IC -) l ICIL.C . If I d ILI l1, LI IC

	

III C l C JCfldIdL y CI
150 feet of simil r inter urden with no noti e le effe ts from p st pill ring .

(4) Su siden e, should it o ur, is not likely to ffe t the Be ver Creek flow due to the
numerous eds of swelling sh les within the over urden nd inter urden .
Fr tures within these sediment ry deposits h ve strong tenden y to he l due
to the swelling of the sh les nd s ndy sh les ont ined therein .

Refer to Se tions 3.4.8.2 nd 7.1 .6 for dis ussion of w ter resour e mitig tion me sures .

3.4.8.5 Su siden e Control nd Monitoring Pl n

The su siden e monitoring network will onsist of perm nent survey monuments lo ted outside
of the nti ip ted re of su siden e nd series of monitoring st tions within the potenti l
su siden e zone (Pl te 3-3) . The monitoring st tions will e steel re- r/rod with luminum ps
or other perm nent met l or steel stru tures set so th t we ther, frost he ve, or livesto k will not
distur them. St tions will e inst lled ove the tive mining re .

Multiple re dings will e t ken where ne ess ry to ensure ur y . Monitoring of the su siden e
st tions noted on Pl te 3-3 will e performed on n nnu l sis for period of two ye rs
following fin l ess tion of mining oper tions. Reports of monitoring will e sent to the DOGM
on ye rly sis .
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The extent of the dj ent re outside of the permit re w s determined sed on m ximum
over urden thi kness of 1500 feet (from d t presented y H nsen, 1988) nd n ngle of dr w
of 35 degrees s me sured from the verti l (the m ximum ngle of dr w re ommended y
Dunrud [1976]). This ngle of dr w is signifi ntly in ex ess of the 20-degree v lue used y
Be ver Creek Co l Comp ny for dj ent mining oper tions (Guy, 1985), ut will result in
onserv tive estim te of the extent of the dj ent re . B sed on the 35-degree ngle of dr w
nd m ximum over urden thi kness of 1500 feet, su siden e imp ts will extend m ximum

of 1050 feet (0 .2 mile) from the edge of . , :the., .,permit re . Hen e, for the purpose of this
ppli tion, the dj ent re for potenti l is defined s th t re within 0 .2 mile of

the permit re .
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3.5 Re l m tion Pl n

3.5.1 Contempor neous nd Interim Re l m tion

Distur ed re 's when no longer needed, will e kfilled, gr ded, retopsoiled, nd reveget ted .
Seeding, fertilizing, nd mul hing will e performed s soon s pr ti l following redistri ution
of topsoil . Seed Mix #2 presented in T le 3-3 will e pl nted, nd erosion- ontrol m tting will e
inst lled in spe ifi re s s des ri ed in Se tion 3 .5 .5.3 . Re l m tion te hniques re des ri ed
elow. Are s th t will not e redistur ed will e l ssified s ontempor neously re l imed . Seed

Mix #1 will e used in re s requiring soil st iliz tion during the oper tion l period of mining .
These re s will likely e redistur ed either during the oper tion or re l m tion of the mine site .
The re s th t will e redistur ed during oper tion or fin l re l m tion ontouring will e l ssified
s interim re l m tion . Are s where interim re l m tion ont ts steep nk dropping to

diversion dit h will e prote ted y ttempting to ontrol the loss of topsoil y inst lling mul h
m t minimum of one foot ove nd elow the gr de re k .

During O to er 1997, the re s design ted on Pl te A within Appendix 8-1 re s heduled for
st iliz tion seeding using Seed Mix No . 1 . Refer to Se tion 8 .8 for ddition l inform tion .

nderground Co l Mining nd Re l m tion A tivities . All surf e equipment, stru tures, or
other f ilities not required for ontinued underground mining tivities nd monitoring, unless
pproved y the Division s suit le for the post-mining l nd use or environment l monitoring, will
e removed nd the ffe ted l nds re l imed following perm nent ess tion of mining oper tions .

Re l m tion Timet le . A timet le for the ompletion of e h m jor step in the re l m tion
pl n is presented in T le 3-4 .

Pl n for B kfilling, Soil St iliz tion, Comp ting, nd Gr ding . The regr ding pl n for the
Horizon Mine w s designed to meet the o je tives of l n ing ut nd fill qu ntities nd
m int ining geote hni lly nd erosion lly st le se. The prim ry fe tures of this pl n re :

• Remov l of the p d upon whi h surf e tivities will e onstru ted t the mine,
there y re ting slope whi h will dequ tely dr in while minimizing long-term
erosion on erns ;

•

	

B kfilling to remove port l entr n es (highw lls) within the o je tives noted ove
( ut nd fill l n e, site st ility, nd erosion ontrol),

•

	

Constru tion of st le h nnels ross regr ded re s ;

•

	

Pl ement of topsoil ;

•

	

Reveget tion nd mul hing of the topsoiled site ; nd

• Remov l of the sediment tion pond (together with omp nying regr ding,
topsoiling, reveget tion, nd mul hing of the sediment tion pond re ) nd
implement tion of interim sediment- ontrol me sures .
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The estim ted ut qu ntity for the Horizon f ility is pproxim tely 11,752 .91 u i y rds with n
estim ted fill of 10,238 .74 u i y rds (see T le 3-1) . Regr ding tivities will ontinue until the
fin l surf e onfigur tion defined y Pl tes 3-7 nd 3-7A is pproxim ted . Det ils reg rding
topsoil pl ement nd reveget tion following regr ding re provided in Ch pters 3 nd 8,
respe tively. 3-3

TABLE 3-4

Re l m tion Timet le

u III II - J LL Ie r 1Ii dl

M y 2004

T sk Months from St rt of Re l m tion

1 2 3 4 5 6

PHASE I

Seed/Pl nt Ordering*

Port l Se ling . . »MM~~Kf}Yw . .

Rough nd Fin l Gr ding

Constru tion of Re l m tion% fit__

	

_1_

	

__I

	

,lI IQI II ICIJ dl I II IJldIIdLI l I I
Sediment Controls

Soil Testing/Order Amendments

Topsoil Distri ution

Seeding & Mul hing

eget tion/ ter Monitoring

Seed/Pl nt/Amendment Ordering*

Gr ding (Distur ed Are A ess
Ro d)

Topsoil Distri ution

Seeding & Mul hing

Re l m tion Monitoring

${MMMMK.

	

. .440***

10 ye rs fter seeding or until ond rele se

PHASE II - To Follow Ph se I Bond Rele se

ntil onding requirements re s tisfied
* Seed nd pl nts will e ordered one ye r prior to their proposed pl nting time .
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TABLE 3-1

RECLAMATION C T AND FILL CALC LATIONS

sing

	

. : : . . . . :

	

surf e ontours from Pl te 3-7 in onjun tion with revised re l m tion
ontours through AutoC d 2000 nd Surv dd 2000

Are in Cut : 186,023.6 sq ft, 4.271 res
Are in Fill-

	

189.050 .1 sq ft, 4.340 res
Tot l in lusion re : 8 .611 res
Cut to Fill r tio : 1 .15
Aver ge Cut Depth : 1 .71 ft
Aver ge Fill Depth : 1 .46 ft
Cut volume : 11,752.91 u i y rds
Fill volume :

	

10.238 .74 u i y rds
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B kfilling nd Comp tion . As indi ted previously in this M&RP, the surf e t the Horizon
Mine w s origin lly distur ed etween the 1920s nd the 1950s y previous mining oper tions .
These prior oper tors m de no effort to s lv ge ny topsoil or other soil m teri l for su sequent
site re l m tion . Therefore, restor tion to ontour th t pproxim tes pre-mining onditions is
neither pr ti l nor required y the regul tions. However, it is the intent of Horizon to restore the
re to topogr phy th t is omp ti le with the post-mining l nd use, using m teri ls th t re
v il le t the site .

All veget tion, org ni m tter, nd de ris will e le red from re s to re eive fill. The ut
m teri l from site regr ding will e pl ed s fill nd gr ded to f ilit te dr in ge from the mine
site nd ontri uting side re s. All fill pl ed during re ontouring of the site will e omp ted
to t le st 85 per ent of m ximum Pro tor density (ASTM D698) . Comp tion will e

omplished using repe ted p sses of ru er-tired equipment, rollers, nd other ppropri te
equipment .

Side hill em nkments, where the width is too n rrow to llow ess y omp tion equipment,
will e initi lly onstru ted y spre ding the soil with dozer, ut only to width ne ess ry to
llow omp tion equipment ess . After this is hieved, the fill will e pl ed in lifts nd
omp ted to t le st 85 per ent of m ximum Pro tor density .

C re will e t ken to ensure th t fill m teri ls re not frozen during pl ement or omp tion . Any
re s th t re d m ged y freezing will e re onditioned, resh ped, nd re omp ted to t le st

85 per ent of m ximum Pro tor density . All fill pl ement nd omp tion tivities will e
overseen y n experien ed engineer .

In gener l, gr ding nd kfilling oper tions will pro eed from the upstre m end of the surf e
f ilities to the downstre m end, thus llowing the sediment tion pond to rem in effe tive for s
long s possi le .

Constru tion of Re l m tion Ch nnels . Re l m tion h nnels will e onstru ted t the
lo tions shown on Pl te 3-7 . These h nnels will e onstru ted to pture runoff from
undistur ed re s nd onvey this runoff to nd through Port l C nyon nd Jewkes Creek .
Det ils reg rding the design nd onstru tion of these h nnels re provided in Ch pter 7 of this
M&RP.

As noted on Pl te 3-7, slopes dj ent to the re l imed stre ms re gener lly mu h sh llower
th n the n tur l slopes upstre m from the distur ed re (where n tur l slopes on the hillsides
dj ent to the stre ms re typi lly 1 .5H:1 or steeper). Hen e, ess to the stre ms y wildlife
nd livesto k under post-mining onditions should not e hindered within the re l imed re .

Sediment tion Pond Remov l nd Interim Sediment Control . Prior to the st rt of re l m tion
tivities, tempor ry silt fen es will e empl ed in Jewkes Creek perpendi ul r to the flow

dire tion . A minimum of four su h silt fen es will e inst lled in the reek downstre m from the
y-p ss ulvert ( C-1) outlet ut within the distur ed re prior to remov l of the ulvert . The silt

fen es will e lo ted in n re onvenient for m inten n e nd le nout . The silt fen es will
e removed when re l m tion onstru tion tivities re ompleted . During re l m tion, the silt

fen es will e periodi lly inspe ted nd umul ted sediment will e removed from ehind the
silt fen es when required to minimize downstre m imp ts .

The sediment tion pond will e ret ined for s long s pr ti l during re l m tion . On e
kfilling nd gr ding oper tions pro eed to the lo tion of the pond, it will e removed .
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Be use the pond is designed prim rily s n ex v ted stru ture, remov l of the pond will onsist
prim rily of kfilling . This remov l will e omplished using khoes, lo ders, dozers, nd
other ppropri te e rthmoving equipment .

As soon s regr ding of n re no longer llows th t re to dr in to the sediment tion pond,
silt fen es will e inst lled long the se of the slopes dj ent to the sso i ted stre m to
ontrol erosion on n interim sis priorto reveget tion su ess. These silt fen es will e inst lled

using supportive king nd urying the toe of the filter f ri .

On tempor ry sis, str w- le dikes m y lso e inst lled s ne ess ry to ontrol lo lized
erosion prior to the est lishment of reveget tion efforts . If inst lled, lo tions of the str w- le
dikes will e sele ted to redu e sediment ontri utions to runoff sed on field o serv tions .
Str w- le dikes will e inst lled y keying the les into the ground .

Ro ds . All ro ds within the distur ed re will e re l imed immedi tely fter they re no longer
needed for mining nd re l m tion oper tions. These ro ds will e gr ded nd/or kfilled s
indi ted ove. Topsoil will e pplied to the regr ded surf es nd the re will e reveget ted
s dis ussed in Ch pters 3 nd 8, respe tively .

3.5.2 Soil Remov l nd Stor ge

Soil surveys ondu ted t the mine site h ve distinguished distur ed l nds from undistur ed soil
m pping units (see Ch pter 8, Pl te 8-1) . Are s m pped s distur ed l nd re re s where the
soils, veget tion, or oth were ffe ted y previous mining oper tions . Distur n e of the ro ds
nd p ds o urred prior to regul tory requirements to s lv ge topsoil from those re s .

All topsoil/growth medium to e gener ted during future distur n es will e sto kpiled . The
sto kpiles will e ontoured, fertilized, veget ted with Seed Mix#1 outlined in Se tion 3.5.5.2, nd
mul hed s outlined in Se tion 3.5.5.3 . M rkers will e pl ed indi ting th t the piles ont in
topsoil. Berms nd/or str w les will e pl ed round the sto kpile to minimize off-pile tr nsport
of sediment .

Are s of interim re l m tion th t will e redistur ed for fin l re l m tion ontouring will h ve the
depth topsoil th t w s pl ed on those re s removed nd pl ed k on the topsoil sto kpile
for redistri ution onto the newly re ontoured re . A qu lified person will e present during the
remov l of the topsoil in these re s . See Pl te 3-7 for re s where interim re l m tion will e
re-distur ed nd re s where re- ontouring is omplete n interim veget tion h s een
est lished .

Refer to Se tion 8.8 for the methods eing used in the remov l nd redistri ution of soils .

3.5.3 Fin l A ndonment
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pon perm nent ess tion of oper tions, perm nent re l m tion will e performed . All surf e
equipment, stru tures nd f ilities (other th n sediment tion ontrol) sso i ted with the
oper tion will e removed during re l m tion of the ffe ted re .
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3.5.3.1 Se ling of Mine Openings

A ndonment of Openings . hen no longer needed for mining oper tions, ll port ls will e
se led nd kfilled y oll psing the on rete nopies over e h port l . Prior to the se ling
of the mine openings, ll om usti le m teri ls will e removed from the port l re . All stru tures
th t would interfere with se ling of the mine openings will lso e removed . The perm nent
losures will e onstru ted to prevent ess to mine workings y people, livesto k, nd wildlife .

Potenti l surf e dr in ge will lso e kept from entering the se led entries .

All mine openings will e se led t le st 20 feet inside the mine opening . Prior to inst ll tion of
the se l, ll loose m teri l will e removed from the roof, floor, nd ri of the mine within the se l
re . The se l will then e onstru ted using solid on rete lo ks with nomin l dimensions of

8 in hes high, 8 in hes wide, nd 16 in hes long . Mort r will onsist of one p rt ement, three
p rts s nd, nd no more th n 7 g llons of w ter per s k of ement .

In the ottom ourse, e h lo k will e l id with its long xis p r llel to the ri . The long xis in
su eedingly higher ourses will e perpendi ul r to the long xis of the lo ks in the pre eding
ourse. The se l will e re essed t le st 8 in hes deep into e h ri nd 8 in hes deep into the

floor. No re ess will e m de into the roof.

The se ls will h ve thi kness of pproxim tely 16 in hes . Following se l onstru tion, the
entries will e kfilled from the se l to the outside surf e with soil th t is sloped t the surf e
to m t h the fin l slope t the entry .

C sing nd Se ling of nderground Openings . E h underground opening to the mine will e
se led nd kfilled when no longer needed for monitoring or other use pproved y the Division
upon finding of no dverse environment l or he lth nd s fety effe ts. This losure method h s
een designed to prevent ess to the mine workings y people, livesto k, fish nd wildlife, nd
m hinery. The losures h ve lso een designed to keep w ter from flowing from the mine
workings to prevent id or other toxi dr in ge from entering ground nd surf e w ters .

Monitoring wells sso i ted with the Horizon Mine will e se led when no longer needed for
monitoring groundw ter. Se ling of these wells will o ur in ord n e with the requirements of
the t h Division of ter Rights (R655-4-12) .

Det ils of the se ls re shown on Figures 3-6 nd 3-7 .
. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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in re s su h s the sediment pond, port l entr n es (slopes), nd ut slopes . If thus disposed
of, these m teri ls will e in orpor ted into the kfill under t le st 4 feet of soil over in
m nner th t will not re te voids within the kfill or redu e the effe tive omp tion ne ess ry
for kfilling . If found tions will not interfere with regr ding tivities, they will e left in pl e for
on-site uri l under t le st 4 feet of soil over.

During the site regr ding, if ny of the toxi o l w ste th t is uried in the mine p d fill is
un overed, the m teri l will e properly pl ed in the fill re s of the re ontouring outside

r in ge vows so it n oe overe ene th four feet of non-toxi t1ii m teri l nd erosion of the
dr in ge over time will not ont t these re s. The lo tions will e m pped t the time of
pl ement nd su mitted to the Division .

Non- o l w stes found during re l m tion, su h s g r ge, lum er, nd other om usti le
m teri ls gener ted during previous mining tivities, will e segreg ted nd stored in ontrolled
m nner in tempor ry stor ge re in ppropri te ont iners .

Fin l dispos l of ll su h w ste will e in the kfill ( s indi ted ove) or t St te- pproved
solid w ste dispos l f ility, s ppropri te . Notwithst nding ny other provision of the R645
Rules, ny non- o l mine w ste defined s "h z rdous" will e h ndled in ord n e with the
requirements of Su title C of RCRA nd ny implementing gen y .

Mining equipment too l rge for ont iner will e pl ed in design ted tempor ry stor ge re
s determined t the time of re l m tion tivities . Fin l de isions reg rding s lv ge or dispos l

of stru tures nd equipment will e m de just prior to re l m tion following n ssessment of the
s lv ge ility of the stru tures nd equipment .

	 -----•3.5.3.3 Disposition of D ms, Ponds, nd Diversions

Diversions th t re not pl nned for perm nent use following re l m tion will e removed during
the kfilling nd regr ding oper tions. The re will e re ontoured to dr in to the fin l
re l m tion h nnel (Se tion 7.2.3.2, Re l m tion Hydrology Design) .

Sediment ontrol following remov l of the sediment tion pond will e provided s outlined in
Se tions 3 .5.4 .3 nd 7 .2.3.2 .

3.5.4 B kfilling nd Gr ding Pl ns
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Approxim te Origin l Contour. The re of the Horizon surf e f ilities w s distur ed y
previous mining tivities . No pre-mining topogr phi m ps of the re re known to exist . The
re l m tion pl n h s een designed to kfill nd gr de the site to hieve the ssumed
pproxim te origin l ontour (i .e., to lend into the surrounding topogr phy) nd elimin te

highw lls sso i ted with the Horizon Mine .

Elimin tion of Highw lls, Spoil Piles, nd Depressions . The kfilling nd gr ding pl n h s
een designed to elimin te highw lls t the site th t were sso i ted with the Horizon Mine . The

ess to the o l se m is y three slopes from the surf e to the o l se m some 46 feet elow
the ground elev tion of the top of the slopes . The return slope uses the old Blue Bl ze No . 1 Mine
slope. A 50 foot on rete port l over w s onstru ted from the mouth of the old slope nd w s

kfilled to elimin te ny exposed highw ll. The old slope w s then widened to ommod te
modern mining equipment. The elt slope w s ex v ted length of 95 feet to solid over urden
where the slope ould e driven down to the se m. A 95 foot on rete port l over w s
onstru ted for the elt slope . The int ke slope w s ex v ted length of 125 feet to solid

over urden . A 125 foot on rete port l over w s onstru ted for the int ke slope . The
ex v ted portions of the port l overs h ve een overed to elimin te ny highw ll f es . No
hi hw lls exist on the urrent distur ed re . The nort i esses to the se m re onstru ted
for e sy demolition nd use of the m teri l s kfill . No spoil piles exist . ith the ex eption of
the sm ll depressions to ret in moisture, minimize erosion nd to ssist in reveget tion, no
depressions will rem in t the site following re l m tion. Refer to Pl te 3-7 nd Figure 3-6 .

Slope St ility. A ording to R645-301-553 .130, re l m tion slopes sh ll not ex eed the ngle
of repose nd sh ll h ve minimum long-term st ti s fety f tor of gre ter th n 1 .3 . The ngle
of repose of ny soil is fun tion of the soil gr d tion, moisture ontent, pl sti ity, nd degree of
omp tion of the soil . It is expe ted th t the re l m tion fill will e f irly dry nd will e pl ed

without the enefit of signifi nt omp tion or moisture onditioning. See Appendix 3-3 .

B sed on inform tion provided in Ch pter 8 of this M&RP, soils t the Horizon site onsist of low-
pl sti ity, ohesive m teri ls with wide ssortment of gr in sizes . The ngle of repose in su h
soil is dependent not only on interp rti le fri tion, ut lso on ohesion, whi h is dependent on the
density, moisture ontent, nd omp tion moisture ontent of the soil . In gener l, s long s they
do not e ome s tur ted or re not fissured, ohesive soils h ve gre ter ngle of repose th n
non- ohesive soils nd n m int in verti l or ne r-verti l slopes under ert in onditions . The
ngle of repose of loose s nd gener lly v ries etween 30 nd 35 degrees (Holtz nd Kov s,

1981) . Therefore, presum ly, the ngle of repose of slightly ohesive gr nul r soil will e
gre ter th n 30 to 35 degrees . For the purpose of this site, the ngle of repose will e ssigned
v lue of 35 degrees, whi h orresponds to slope of out 1 .5 horizont l to 1 verti l (1 .5H :1 ) .

B kfilled nd regr ded slopes h ve een designed to not ex eed the ngle of repose . Design
l ul tions indi te th t the minimum s fety f tor of empl ed soil, t slope of 1 .5H :1 , is 1 .4

under s tur ted onditions nd 1 .9 under uns tur ted onditions . The st ti s fety f tor will
in re se with de re sing slope. The slopes h ve thus een designed to prevent slides .

Erosion nd ter Pollution . Tempor ry sediment- ontrol me sures will e implemented during
nd following kfilling nd regr ding. During redistri ution of the topsoil, silt fen es will e

est lished t the ottom of fill slopes nd long the top nk of the re l m tion h nnel to

3-43



Ch pter 3, Oper tion nd Re l m tion Pl n
Hidden Splendor Resour es, In . - Horizon Mine

	

M y 2004,

ontrol possi le erosion from newly gr ded nd seeded re s . As veget tion e omes
est lished on the re l imed surf es, erosion potenti ls will e further minimized . By minimizing
erosion, w ter pollution will lso e pre luded . Addition l w ter-qu lity on erns do not exist t
the site (see Ch pter 7) .

In order to lend with n tur l slopes, soil m y e repl ed during re l m tion t slopes of up to
1 .5H :1 . The steepness of these slopes will e redu ed t their se, providing on ve slope .
As noted ove, these slopes will e geote hni lly st le. Dozers will e used during pl ement
of the topsoil or su stitute topsoil on these steep slopes, t king re to hieve re son ly
uniform thi kness of the fin l soil over.

Post-Mining L nd se . The distur ed re will e kfilled nd regr ded in m nner th t
supports the pproved post-mining l nd use .

Exposed Co l Se ms. No o l se ms re urrently exposed in the distur ed re . Should ny
o l se ms e exposed during the re ontouring ph se of re l m tion, the o l out rops exposed

will e overed with minimum of 4 feet of nontoxi nd non om usti le m teri ls during fin l
kfilling nd gr ding. This over m teri l m y onsist of m teri l removed during gr ding of the

ity t,h nil nmrl/nr +nn nil

A id- nd Toxi -Forming M teri ls . Buried w ste m teri ls from mining oper tions th t used
Port l C nyon re shown on Pl te 3-7 .

Com usti le M teri ls . All om usti le m teri ls th t re exposed, used, or produ ed during
mining will e disposed of off site .

Cut- nd-Fill Terr es . No ut- nd-fill terr es o urring from or used y the Horizon oper tion
will e ret ined t the site following fin l gr ding tivities .

Highw lls From Previously Mined Are s . Sever l highw lls exist outside the distur ed re th t
re the result of previous mining oper tions. The re l m tion pl n h s een designed to elimin te

the f eup re m de y Horizon Mine within the distur ed re . The nti ip ted post-mining
ontours indi te th t the v il le m teri ls re suffi ient to elimin te the f e up highw ll within

the distur ed- re ound ry during re l m tion .

The s hedule for kfilling nd gr ding is det iled in Se tion 3 .5.7 .1 .

3.5.4.1 Remov l or Redu tion of Highw lls

No exposed highw lls exit on the urrent distur ed re . Fin l re l m tion ross se tions nd
ontours of the port l esses show th t no new highw ll fe tures will e re ted fter the
oll pse of the port l overs. See Figure 3-6 nd Pl te 3-7 nd refer to Se tion 3.5.4 .

3.5.4.2 Re ontouring

All surf e re l imed re s will e prote ted nd st ilized to effe tively ontrol erosion .
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Fin l gr ding, prep r tion of over urden, nd pl ement of topsoil will e done long the ontour
to minimize su sequent erosion nd inst ility . Rills nd gullies whi h form in re s th t h ve
een regr ded nd topsoiled nd either disrupt the pproved post-mining l nd use or the

reest lishment of the veget tive over, or, use or ontri ute to viol tion of w ter qu lity
st nd rds for re eiving stre ms, sh ll e filled, regr ded, or otherwise st ilized ; topsoil sh ll e
repl ed ; nd the re s sh ll e reseeded or repl nted . This will e omplished using the est
te hnology urrently v il le .

3.5.4.3 Fen ing nd Erosion Control

The sediment tion pond will e ret ined s dis ussed in Se tion 7 .2.3.2 . Fen ing will e pl ed
s required to prote t reveget tion efforts from livesto k gr zing . This fen ing will e removed

prior to requesting fin l ond rele se. Refer to Se tion 3 .5 .4 for ddition l inform tion on erosion
ontrol .

3 ._5.4.4 Soil Redistri ution nd St iliz tion

hen fin l re l m tion egins, the distur ed re s to e re l imed will e loosened y ripping to
llow e sier kfilling nd gr ding oper tions . During redistri ution of soils, re will e t ken

to prevent ex essive omp tion .

Soils distur ed during mining, in luding ut not limited to fill m teri l, will e pl ed within the
distur ed re ound ry. Refer to Se tion 8.8 for further inform tion on erning pl ns for soil
redistri ution .

3.5 .5 Reveget tion Pl n

The reveget tion pl n h s een designed to ssure th t ll distur ed l nds will e returned to
produ tive self-perpetu ting pl nt ommunities on e the mining oper tion h s een ompleted .
The pl n lls for tempor ry reveget tion of distur ed re s where possi le during the mining
oper tion s well s perm nent re l m tion of ll re s on e mining h s e sed .

The go l of the pl n is to re te diverse pl nt ommunities whi h re t le st s produ tive nd
in omp r le mounts to pl nt over existing on the site prior to this mining oper tion .

3.5.5.1 Soil Prep r tion

After kfilling, gr ding, re ontouring, s rifying, nd the redistri ution of topsoil, the seed ed
will e prep red using the est te hnology urrently v il le . Prior to seeding, omposite soil
s mples s will e olle ted nd n lyzed s dis ussed in Se tion 8.9 . B sed on the results of
these n lyses, fertilizer will e pplied t the time of seeding .

3.5.5.2 Seeding
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Are s whi h h ve een distur ed during mining oper tions will e reseeded with either Seed Mix
#1 (T le 3-2) or with Seed Mix #2 (T le 3-3), s outlined elow. These mixes re omposed
prim rily of n tive spe ies whi h either o ur on the site or would e expe ted to grow on the site,
espe i lly on re l imed re s . The mixes h ve een designed to in lude spe ies whi h will
provide suffi ient over to prevent soil erosion, nd should ont in suffi ient spe ies diversity to
produ e st le self-perpetu ting pl nt ommunity. All seeds will omply with ppli le st te
nd feder l seed l ws .

Tempor ry Seed Mix

On those sites where reveget tion is needed during the oper ting ye rs, tempor ry seed mix
will e used . This mix (T le 3-2) is omposed prim rily of n tive spe ies nd is designed for
qui k est lishment nd erosion ontrol . Only one introdu ed gr ss spe ies (pu es ent
whe tgr ss - Agropyron tri hophorum), is in luded in the mix . It h s een in luded sin e it is
known to do well on dry sites, nd will ssist in ontrolling soil erosion . Ci er milkvet h (Astr g lus
is er) h s een in luded e use of its ility to fix nitrogen . No shru s or for s re in luded

in the tempor ry mix, sin e these re s will e re-distur ed prior to fin l re l m tion . At the tu l
time of pl nting, the mix m y e ltered depending on v il ility of the listed spe ies nd under
the pprov l of the Division prior to su stitution .

Perm nent Seed Mix

The perm nent reveget tion mix is omposed of mixture of n tive gr sses, for s, shru s nd
trees (T le 3-3) . The gr sses, for s, nd some of the shru s will e pl nted s seeds. The
rem ining shru s nd trees will e pl nted s ont inerized sto k . A v riety of spe ies re
in luded in the mix in order to o t in higher level of diversity on the reveget ted surf es. This
will in re se h it t diversity s v ri tions in the mi roenvironments of the re l imed surf e will
enh n e or inhi it the germin tion nd development of the v rious spe ies .

The perm nent seed mix refle ts the omposition of the origin l ommunities whi h o urred on
the site. It is in luded e use of its ility to fix nitrogen . Approv l will e o t ined from the
Division prior to using ny su stitution in seed mixtures nd on the num er of ont inerized shru s
needed per re .

The rip ri n seeding mix is in luded in T le 3-3 .

Seeding Methods

Re l imed re s will e seeded y ro d sting. Seeds when ro d st will e r ked to ensure
proper seed/soil ont t. See T les 3-2 nd 3-3 for the seeding r tes. If the first seeding does
not est lish, the re will e reseeded . Re l imed re s will e seeded in the f ll . Sin e the
m jority of the spe ies in the mix re ool se son gr sses, f ll is etter time to pl nt . The
ont inerized sto k will e pl nted in l te f ll or e rly spring, ttempting to void undesir le
onditions su h s overly wet, overly dry, or frozen soils . Should the pl nting window lose prior

to ompletion of seeding, sterile, qui k growing ground over will e pl nted to ontrol erosion
during the winter months . The fin l re l m tion seed mixture will e pl nted during the following
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ye r. Sm ll depressions will e left in re s where ont inerized sto k is pl nted to umul te
w ter during wet periods .

in the rip ri n isturoe re (see se tion .4.1 .2) the ont inerized or uttings of willow sto k
will e pl nted in lumps long the nks of Jewkes Creek . Other ont inerized shru s nd
sedges will e pl nted in lumps within the rip ri n re . The seed mix (T le 3-3, Rip ri n
Re l m tion Seeding Mix) will e pl nted using the methods des ri ed ove .
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TABLE 3-2

3-48

Re l m tion Seed Mix #1

Spe ies Pounds of PLS
per re

PERENNIAL GRASSES

Stre m nk he tgr ss-(Agropyron rip rium) 8.0
Blue un h he tgr ss (Agropyron spi tum) 4.0
Slender he tgr ss (Agropyron tr hy ulum) 8.0
Pu es ent he tgr ss (Agropyron tri hophorum) 6.0
Indi n Ri egr ss (Oryzoosis hymenoides)

FORBES

4.0

0
Ci er Milkvet h (Astr g lus i er) 4 .0

TOTAL 34.0
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TABLE 3-3

Re l m tion Seeding Mix #2

3-49

Pounds of PLS
Spe ies

	

Per A re

SHR BS

Servi e erry 4.0
Amel n hier ut hensis

Big S ge rush ( sey) 0 .4
Artemisi trident t

iviiii . ivi hog ny
Cer o rpus ledifolius

yoming Big S ge rush (Gordon Creek r.) 1 .0
Artemisi trident t wyomingensis

FORBS

Y rrow 0.2
A hille millifolium

P ifi Aster 0.4
Aster hilensis

Northern Sweetvet h 3.0
Hedys rum ore le

Lewis Fl x 2.0
Linum lewsii

P lmer's Penstemon 1 .0
Penstemon p lmed
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TABLE 3-3 (Continued)

Re l m tion Seeding Mix #2

Spe ies
Pounds of PLS
Per A re

GRASSES

Gt. B sin ildrye 6.0
Elymus inereus

Thi kspike he tgr ss 4 .0
Elymus l n eol tus

estern he tgr ss 6 .0
Elymus smithii

Blue un h he tgr ss 6.0

0 Elymus spi tus

Indi n Ri egr ss 4.0
Stip hymenoides

TOTAL 42.0

CONTAINERIZED STOCK PLANTS/ACRE

O k Brush 400
Quer us g m elii

Aspen 300
Populus tremuloides

hite Fir 200
A ies on olor

Big-tooth M ple 400
A er gr ndident tum

Servi e erry 300
Amel n hier lnifoli
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TABLE 3-3 (Continued)

Re l m tion Seeding Mix #2

SPECIES

	

PLANT/ACRE

Mount in M hog ny

	

400
Cer o rpus mont nus

Oregon Gr pe

	

500
M honi repens

TOTAL

	

21 500

Rip ri n Re l m tion Seeding Mix

SPECIES

	

PLANT/ACRE

SHR BS,

	

CONTAINERIZED/ROOT C TTING STOCK

Snow erry

	

300
Symphori rpos oreophilus

ood Rose

	

300
Ros woodsii

illow

	

1,100
S lix

ter Bir h

	

300
Betul o ident lis

TOTAL

	

23 000
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TABLE 3-3 (Continued)

Rip ri n Re l m tion Seeding Mix

SPECIES
PO NDS OF PLS
PER ACRE

FORBS

Y rrow 1 .0
A hille millifolium

P ifi Aster 1 .0
Aster hilensis

Pr irie S ge 1 .0
Artemisi ludovi i n

M rsh Indi n P int rush 1 .00 C stellej exilis

ild Ger nium 1 .0
Ger nium vis osissimum

TOTAL 5.0

GRASSES

Blue ildrye 8.0
Elymus gl u us

Kentu ky Bluegr ss 4.0
Po pr tensis

Gt. B sin ildrye 6.0
Elymus inereus

Id ho Fes ue 4 .0
Festi id hoensis
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PO NDS OF PLS
SPECIES

	

PER ACRE

estern he tgr ss
Elymus smithii

Blue un h he tgr ss

	

6.0
Elymus spi tus

Indi n Ri egr ss

	

6.0
Stip hymenoides

TOTAL

	

40.0

CONTAINERIZED/ROOT C TTING STOCK

	

PLANT/ACRE

Ne r sk Sedge

	

200
C rex nevr s ensis

Be ked Sedge

	

200
C rex rostr t

TOTAL

Lo tions where ont inerized sto k will e pl nted :

O k rush
Aspen

hite Fir
Big-tooth M ple
Servi e erry
Mount in M hog ny
Oregon Gr pe

illow

TABLE 3-3 (Continued)

Rip ri n Re l m tion Seeding Mix

3-53

400

6 .0

South & E st Slopes
North Slopes & C nyon Bottoms
North Slopes
North Slopes & C nyon Bottoms
South Slopes
Ridge tops & South F ing Slopes
North, E st, est Slopes & C nyon Bottom
Along Creek B nks

M y 2004
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3.5.5.3 Mul hing

During re l m tion mul h will e pplied to ll newly reseeded re s in order to provide more
equit le environment for seed germin tion nd initi l growth . A mul h will e pplied t r te
of 2000 pounds per re. On e pplied, the mul h will e in orpor ted while the surf e is eing
roughened efore seeding . Erosion ontrol m tting will e pl ed on ll slopes 2 1/2H :1 or
steeper.

At the time of re l m tion the most enefi i l type of mul h to e used will e determined y
Horizon nd DOGM, for onding purposes the pri e will e ssumed to e th t for lf lf .

3.5.5.4 Re l m tion M n gement

The re l imed nd reveget ted re s will e losely monitored to determine if ny m inten n e
is ne ess ry (refer to Se tions 3.5 nd 9.8 for des ription of the monitoring progr m) . Pro lems
whi h m y require m n gement in lude severe erosion, ex essive weeds, re p t hes of f iled
pl nting, nd d m ge y wildlife . Rills nd gullies whi h form in re s th t h ve een regr ded
nd topsoiled nd whi h either disrupt the pproved post-mining l nd use or the reest lishment

of the veget tive over, or, use or ontri ute to viol tion of w ter qu lity st nd rds for
re eiving stre ms, sh ll e filled, regr ded, or otherwise st ilized ; topsoil repl ed ; nd the re s
sh ll e reseeded or repl nted . If weeds o ur, weed ontrol pl n will e proposed to DOGM
nd implemented upon pprov l . No weed ontrol will e ttempted during the first growing

se son . It is likely th t weed spe ies will form onspi uous p rt of the veget tion on the
A k.i u i i u l C uu1 iy iii L y t u t III uC 1 C f.JIC ko y 1 C eLdL C J(J~1:ies iherE3d1 lei .

3.5.5.5 Reveget tion Monitoring

Reveget ted re s will e monitored in ord n e with Se tion 9.8 of this permit ppli tion .

3.5.5.6 Est lishment of ildlife H it t

Re l m tion is p rti ul rly import nt s me ns of ontrolling erosion nd restoring distur ed
re s to produ tive st te. To ssist in meeting these desir le ends, the following spe ts h ve
een in orpor ted into the re l m tion pl n : (1) pl nting diverse mixture of n tive gr sses, for s,
nd (where ppropri te) woody spe ies, (2) using seedling sto k r ther th n relying solely on

seeds for trees or shru s, nd (3) pl nting veget tion to re te n edge effe t y lumping
sele ted shru or tree spe ies .

Se tion 10.5 provides det iled dis ussion of the re l m tion, mitig tion nd m n gement pl ns
for terrestri l h it ts nd wildlife .

Enh n ement of the re for wildlife will e omplished y the inst ll tion of ro k piles for
sm ller m mm ls, the improved reveget tion of the re , nd pl nting of S lix uttings per re
long the reek nks within the distur ed re . Ro k piles will e s ttered long the perimeter

of Jewkes Creek, nd through Port l C nyon. Cont inerized shru sto k will e pl nted ne r the
ro k piles to provide ddition l over nd s food sour e. The ppropri te regul tory gen ies
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(i .e ., DOGM, D R) will e onsulted s to the frequen y nd pl ement of the ro k piles during
re l m tion .

3.5.6 Re l m tion Monitoring

The st nd rds for su ess in the previously distur ed re s of the site re outlined in se tion
R645-301-356 .250 of the regul tions. The ppli nt intends to return the previously distur ed
re s to st le pl nt ommunities p le of withst nding the intended post-mining l nd use nd
ontrolling erosion (see Se tion 9.8) .

3.5.7 S hedule of Re l m tion for Horizon Mine

3.5.7.1 Timet le for Completion of M jor Re l m tion Pro esses

The pproxim te s hedule of re l m tion tivities is outlined in T le 3-4 . The gr phi l
s hedule h s een extended y pproxim tely 10 per ent eyond the numeri l estim tes
presented elow to ount for un nti ip ted del ys . Re l m tion is proposed to e initi ted
within 90 d ys (we ther permitting) of fin l ndonment of the mining oper tion . E h listing is
for n 8-hour work d y .

The Ph se I re l m tion t sks re therefore proposed to e ompleted within 24 weeks following
the st rt of re l m tion tivities, ssuming dequ te we ther onditions . Eight weeks re
pl nned for the ompletion of Ph se II re l m tion t sks .

Due to the size nd topogr phy of the mine site, the on ept of ompleting re l m tion tivities
in Port l C nyon prior to st rting re l m tion tivities in Jewkes C nyon is not fe si le . Potenti l
pro lems in lude h ving to move topsoil twi e nd not h ving the fill in Jewkes C nyon to re l im
slopes in Port l C nyon . Horizon ommits to egin re l m tion tivities in Port l C nyon nd
to le ve the sediment pond nd C-1 lo ted in Jewkes C nyon in pl e s long s possi le .
Prior to the remov l of the sediment pond during re l m tion, DOGM hydrologist will e notified
nd given the opportunity to inspe t nd endorse the remov l . The timet le nd sequen e for

remov l of sediment ontrol stru tures will depend upon the se son of the ye r nd pre ipit tion .

3.5.8 Cost Estim te for Fin l Re l m tion

The estim ted ost to re l im the Horizon Mine surf e f ilities is provided in Appendix 3-7 .

The re l m tion osts were ev lu ted to determine if the 100-foot ulvert extension pl nned for
1997 (Appendix 3-9) would e overed y the estim ted mount .
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CHAPTER 6

GEOLOGY

6 .1 S ope

This h pter in ludes the geologi inform tion for the Horizon Mine re in ord n e with the requirements
set forth in R645-301-600 .

6.2 Methodology

Previously ssem led geologi d t o t ined from Be ver Creek Co l Co. h s een used s sis for this
h pter . The d t from Be ver Creek Co l Co . in luded drill logs gener ted during their mining efforts . i ii
h pter lso in ludes inform tion from more re ent drilling nd mining oper tions in the Horizon Mine re .

Inform tion from re ent geologi pu li tions nd in-house reports is lso in luded to supplement the
inform tion o t ined from Be ver Creek Co l Co.

6.3 Region l Geologi Fr mework

The Horizon No . 1 Mine is lo ted in the northern portion of the s t h Pl te u (Figure 6-1) . The s t h
Pl te u is the northwestern outlier of the eroded S n R f el Swell. The pl te u dips westw rd produ ing
gre t mono lin l fold th t is interrupted y f ults in the orderl nds of the Gre t B sin. Superimposed over
the region re numerous stru tur l fe tures in luding nti lines, syn lines, f ults nd igneous intrusions .

The s t h Pl te u is omprised prim rily of Cret eous to Terti ry ge sediment ry ro ks. These ro ks
re prin ip lly sili i l sti of oth ontinent l nd m rine origin. Co l se ms of e onomi signifi n e o ur

in the Cret eous sediment (T le 6-1) .

The pper Cret eous Ro ks of the s t h Pl te u were deposited long the western m rgin of the estern
Interior B sin . The dyn mi deposition l sequen e of the Mes verde Group is the result of delt i
sediment tion. During the pper Cret eous, the re now o upied y the s t h Pl te u w s trough,
gr du lly su siding, ttr ting dr in ge nd re eiving terrigenous l sti s from the te toni lly tive Sevier
highl nds . ve-domin ted delt omplexes progr ded e sterly into this epi ontinent l se . The Sevier
orogeni elt w s te toni lly tive during the entire Cret eous Period. Ne r the end of the Cret eous
Period, ro ks th t were deposited in the m rgin l m rine environments were deformed s the result of the
L r mide Orogeny .
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SYSTEM STRATIGRAPHIC NIT THICKNESS
(feet)

DESCRIPTION

= rieg ted sh les with su ordin te s ndstone,
H CL North Horn 500-2,500 onglomer te nd freshw ter limestone, slope former;

TERTIARY O Form tion s ndstone nd limestone units m y supply limited=
C7 qu ntities of groundw ter.

Gr y to white gritty s ndstone inter edded with
O Pri e River 600-1,000 su ordin te sh le nd onglomer te, ledge nd slope(D
(D Form tion former, little potenti l for groundw ter.

.1

0 hite to gr y, o rse-gr ined often onglomer ti
j C stleg te 150-500 s ndstone, liff former, we thers to sh des of rown, good
tQ S ndstone quifer m teri l, groundw ter not present if out rops
w o ur ne r y.

Bl kh wk
Form tion
(M jor Co l

Se ms)

700-1,000
Yellow to gr y, fine to medium-gr ined s ndstone,
inter edded with su ordin te gr y nd r on eous
sh le, sever l thi k o l se ms; per hed groundw ter m y
o ur in s ndstone units .

St r Point
S ndstone 90-1,000

Yellow-gr y m ssive liff forming s ndstone, often in
sever l tongues sep r ted y M suk Sh le .

M suk Sh le 300-1,300 Yellow to lue-gr y s ndy sh le, slope former .

Emery Yellow-gr y fri le s ndstone tongue liff former. Co lw
J S ndstone 50-800 present in su surf e ; m jor region l quifer.Q

(Co l)

O P le lue-gr y, nodul r nd irregul rly edded m rine
z Blue G te 1,500-2,400 mudstone nd siltstone with sever l ren eous eds,
Q Mem er we thers into rolling hills nd dl nds.

Ferron S ndstone Altern ting yellow-gr y s ndstone, s ndy sh le nd gr y
Mem er sh le with import nt o l eds of Emery o l field,

(M jor Co l Se ms) 50-950 resist nt liff former, m jor region l quifer .

Tununk Sh le 400-650 Blue-gr y to l k s ndy m rine sh le slope forming
Mem er mudstone .
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6.4 Geology of Proje t i inity

6.4 .1 Str tigr phy

The o l eds of interest lie within the pper Cret eous Mes verde Group . This group is divided into four
str tigr phi units nd in lude in s ending order: The St r Point S ndstone, the Bl kh wk Form tion, the
C stleg te S ndstone, nd the Pri e River Form tion. The min le se ms re found in the lower 350 feet of
the Bl kh wk Form tion. Pl tes 6-2 nd 6-3 re geologi ross se tions th t illustr te the str tigr phi
rel tionships of the Bl kh wk nd St r Point Form tions nd the m pp le o l eds present in the Horizon
No. 1 Mine re .

St r Point S ndstone

The St r Point S ndstone is the oldest str tigr phi unit exposed in the le se re s . It is the s l unit of the
Mes verde Group nd is pproxim tely 440 feet thi k. The form tion ont ins the P nther, Storrs, nd Spring
C nyon S ndstone Mem ers whi h onsist of o rsening upw rd littor l sequen es of white to light gr y, fine
to medium gr ined, tight, qu rtzose s ndstone (Bl n h rd 1981). The St r Point Form tion overlies nd
	p-. . ., r 1--

	

^	 ..-- - & w -,, .,- L lll - 1 1111111 ' {.HAIL .1 111 JL i L A

e st side of the s t h Pl te u .

Bl kh wk Form tion

The Bl kh wk Form tion me sures pproxim tely 900 feet thi k in the Gordon Creek re nd onsists of
inter edded fluvi l nd m rine s ndstone, siltstone, nd sh le. The Bl kh wk Form tion onform ly overlies
the St r Point S ndstone nd the ound ry etween the two form tions is sh rp; the m ssive Spring C nyon
S ndstone mem er of the St r Point S ndstone is overl in y n e sily erodi le, sh ley s ndstone .

A tot l of eight o l se ms n e identified in the Gordon Creek region. Four of the eight se ms re present
in the mine re nd out rop on the w lls of the North Fork of Gordon Creek C nyon, Co l C nyon, nd
Bryner C nyon. e thering, urning nd veget tion o s ures the m jority of o l out rops of the Hi w th ,
Gordon, C stleg te "A", nd Bo right se ms . Only the Hi w th nd C stleg te "A" se ms h ve een
e onomi lly mined in the re . The Hi w th se m m rks the se of the Bl kh wk Form tion. The
C stleg te "A" se m overlies the A erdeen S ndstone. The A erdeen is m rine s ndstone sequen e th t
o rsens upw rd, nd is simil r in h r ter to the St r Point S ndstone. The A erdeen me sures over 120

feet t Pri e C nyon (Se . 12, T13S, R9E) nd thins to the west . In the vi inity of the Horizon No. 1 Mine
nd the N tion l Mine (Se . 17, T13S, R8E), the A erdeen S ndstone is pp rently dis ontinuous nd not

e sily re ogniz le on out rop. The westw rd pin h-out of the A erdeen S ndstone is illustr ted on the
west-e st str tigr phi se tion etween drill hole LMC-4 nd the Ar o me sured se tion ne r the N tion l Mine
s illustr ted on Pl te 6-3 .

In the le se re , the Bl kh wk Form tion is the prin ip l surfi i l edro k unit . The Bl kh wk is
dis onform ly overl in y the m ssive, o rse gr ined, fluvi l C stleg te S ndstone .

C stleg te S ndstone

6-4
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The C stleg te S ndstone is exposed in the entr l nd northe stern portion of the le se lo k (Pl te 6-1) The
form tions onsists of white to gr y, o rse gr ined to onglomer ti fluvi l s ndstone. Exposures of the
C stleg te S ndstone typi lly form liffs to steep slopes . The C stleg te S ndstone is pproxim tely 300 feet
thi k in the Gordon Creek re .

Pri e River Form tion

The Pri e River Form tion o urs in the northe stern portion of the le se lo k (Pl te 6-1) . The Pri e River
is lso fluvi l deposit nd ont ins gr y to white silty s ndstones with inter edded su ordin te sh le nd
onglomer te. The form tion typi lly forms ledges nd slopes. The Pri e River form tion r nges from 600

to 1,000 feet in thi kness .

n onsolid ted Deposits

n onsolid ted deposits omposed of silt nd fine gr ined s nd, lluvi l sediments nd t lus de ris o ur long
v lley floors nd t the se of steep slopes . The thi kness of these sediments is v ri le. In the Horizon No .
1 Mine re , the thi kest lluvi l deposits o ur long Be ver Creek. B sed on field o serv tions . the lluvi l
sediments ppe r to ex eed 10 feet m thi kness .

Igneous Dikes

Sever l igneous dikes h ve een reported in re mines in luding the Be ver Creek Co l Mines #2 nd #3. The
dikes re reported to e Mio ene ge nd re mi peridotite (Tingey, 1986). The dikes re typi lly
sso i ted with f ults th t ise t the re nd trend e st-west to northwest-southe st .

6.4.2 Stru ture

The re of the permit is he vily f ulted (Pl te 6-1) . Two m jor f ult zones ffe t the le se lo k: the North
Gordon nd Fish Creek f ult zones (Figure 6-2) . The North Gordon f ult zone me sures three miles wide nd
five miles in length nd is lo ted e st of the le se. The Fish Creek f ult zone ver ges two miles wide nd
enters the le se from the northwest .

The permit re ont in essenti lly two m jor f ult trends. They re the N60 degree west trending f ults
(R nge N50-75 ) sso i ted with the Fish Creek f ult zone, nd the N-S trending f ults sso i ted with the
North Gordon f ult zone. Symp theti f ulting lso o urs within the mine re . Displ ements of the f ults
in the mine re re v ri le r nging from few feet to s mu h s 200 feet .

6-5
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The f ulting in the mine re ppe rs to h ve influen ed the development of stre m ourses . For ex mple, the
North Fork of Gordon Creek dr in ge ppe rs to h ve formed su sequent or ontempor neously with the
movement long the Gordon Creek F ult Zone (Pl te 6-1) .

F ulting m y lso effe t the lo tions of springs nd seeps in the mine re . The f ulting nd fr turing of the
edro k in the mine re m y provide open onduits for surf e w ter to enter into the su surf e or llow

groundw ter movement etween quifers. A series of springs t the he d of the North Fork of Gordon Creek
in the northwest orner of Se tion 18 T13S R8E m y e rel ted to the f ults ise ting the re . Immedi tely
e st of the permit re , groundw ter sso i ted with f ulting w s en ountered in the Be ver Creek #3 mine .
The effe ts of f ulting on the groundw ter system in mine re is dis ussed further in Se tion 7.1 .2 .

Another m jor stru tur l fe ture whi h influen es the le se is the Be ver Creek Syn line (Figure 6-3) . The
syn lin l xis trends NE-S nd tu lly rosses the southern portion of the le se. The str t dip tow rd this
xis t pproxim tely 3 .5 degrees .

The igneous dikes of the re gener lly trend p r llel to the Fish Creek f ult trend. The dikes r nge from 0.1
to 14 .0 feet in thi kness .

6 .5 Geology of Co l Beds nd Adj ent Str t

6 .5 .1 Explor tion nd Drilling

Numerous surf e explor tion nd surf e development holes h ve een drilled y v rious energy omp nies
nd government gen ies in the re surrounding the Horizon No. 1 nd 2 Mine le se re s. M ny of these

drill holes were drilled under the dire tion of the Be ver Creek Co l Comp ny during explor tion nd
ev lu tion proje ts for their Gordon Creek mines . Four holes, LMC 1 - 4, were drilled within the le se
ound ries under the dire tion of LMC Resour es. The LMC drill hole geophysi l logs were interpreted nd

lithologi logs were onstru ted y the Bure u of L nd M n gement (BLM) . The lo tion of LMC holes re
shown on Pl te 7-1 . T le 6-2 provides the d te nd depth drilled, the me sured depth (Fe ru ry 1992), depth
to the top of the C stleg te nd Hi w th se ms for the LMC drill holes . Copies of the LMC drill hole logs
re in luded in Appendix 6-1 nd the HZ logs re in luded in Appendix 7-5 .

A re-interpret tion of the geophysi l nd lithologi log of LMC-2 w s m de y fter dis overing th t the
previous interpret tion of the LMC-2 logs did not orrel te with the lithologi interpret tion of other drill holes
in the re . Initi lly, the C stleg te "A" se m w s identified t pproxim tely 370 feet elow ground surf e
(elev tion 7880) nd the Hi w th se m t 518 feet elow ground surf e (elev tion 7732) . In drill hole LMC-
3, whi h is lo ted less th n 2000 feet west of LMC-2, the s me se ms were identified t pproxim tely 630
feet (elev tion 7590) nd 791 feet (elev tion 7429) respe tively. No f ults h ve een

6-7
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DRILL HOLE E AL ATION

* Drilling ompleted efore re hing the Hi w th se m.
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Hole
ID

D te
Drilled

Depth
Drilled

Me sured
Depth

(Fe . 1992)

Depth to
Top of

C stleg te (ft)

Depth to
Top of

Hi w th (ft)

LMC-1 Sep 1976 900 ft 599 ft 793

LMC-2 O t 1976 568 ft None 518

LMC-3 Nov 1976 836 ft 664 ft 630 791

LMC-4 J n 1980 430 ft 217 ft 105 .2 215.3

HZ-95-1 10/8/95 1075 ft - 857 1012

HZ-95-2 10/15/95 1195 ft - 1025 1149

HZ-95-3 10/28/95 465 ft - 225 413
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m pped in the re th t would offset the form tions en ountered in the two drill holes. Assuming the urrent
interpret tion y the BLM is not orre t, etter str tigr phi nd stru tur l fit is hieved if the o l se m
initi lly identified s the Hi w th is re-interpreted s the C stleg te "A" se m nd the overlying o l se ms
initi lly identified s the C stleg te "A" re re l ssified s lo l o l eds. Personnel t the S lt L ke Offi e
of the BLM were ont ted nd questioned out the ur y of their interpret tion of the LMC oreholes .
The BLM personnel feel th t m ny of the interpret tions of the logs re suspe t.

A north to south geologi ross-se tion nd n e st to west geologi ross-se tion were gener ted from the logs
of sever l of the drill holes dv n ed under the dire tion of Be ver Creek Co l Comp ny, LMC, nd the

.S.G.S. The ross se tions re shown on Pl tes 6-2 nd 6-3 respe tively. The lo tions of the drill holes
from whi h the logs were used to onstru t the ross se tions re shown on n index m p in luded on the
pl tes . The ross se tions provide gr phi illustr tion of the str tigr phi nd stru tur l rel tionships of the
o l se ms in the le se re .

6 .5 . 1 .1 C sing nd Se ling
. . . . . . . . . . . . . . .

Drill holes LMC 1, 2, 3, nd 4 will e:plugged nd ndoned:following St te pproved metho s . :: ;::.,, .: .. : : . .. .
new holes h -,, Cn. (HZ-I, HZ

	

I

	

nd.:

	

ullii u ulu

	

u ~ i« tllL iuttg O'.

. . . . . . . . . .within the uppermost s tur ted zone ene th the Hi w th se m to etter predi t the potenti l of inflow into
the mine .

hen no longer needed for monitoring or other use pproved y the DOGM nd upon finding of no dverse
environment l or he lth nd s fety effe ts, or unless pproved for tr nsfer s w ter well, e h well or oring
will e pped, se led, kfilled, or otherwise properly m n ged, s required y DOGM. Perm nent losure
me sures will e designed to prevent ess to the orings or monitoring wells y people, livesto k, fish nd
wildlife, m hinery nd to keep id or other toxi dr in ge from entering the groundw ter system .

6 .5 .2 Str tigr phv-Co l Se ms

The ommer i l o l eds on the tr t o ur in the Bl kh wk Form tion. Only the C stleg te "A" nd
Hi w th Se ms re min le.

6 .5 .2 .1 Hi w th Se m

The Hi w th Se m is the lowest str tigr phi o l in the Horizon mining le se. It dire tly overlies the St r
Point S ndstone nd is the most l ter lly persistent se m in the re . It n e orrel ted with the Kinney or
pper O'Connor se ms mined in the Ple s nt lley re in the western p rt of the pl te u (Pl te 6-3) . The

Hi w th se m r nges in thi kness from 6 .0 to 11 .0 feet, ver ging 7 .0 feet within the le se lo k. A thin rider
se m overlies the Hi w th in the southwestern p rt of the le se .

M y 2004
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The floor ro k of the Hi w th se m r nges from the ompetent littor l Spring C nyon of the St r Point
S ndstone to fluvi l over nk sh les nd siltstone nd h nnel s ndstones .

6.5 .2 .2 Gordon Co l Zone

The Gordon se m is str tigr phi lly lo ted out 80 feet ove the Hi w th . It is very lenti ul r nd
gener lly less th n 5 .0 feet in thi kness with multiple splits . It is not e onomi lly mine le in the Gordon
Creek re . The roof nd floor onsist essenti lly of sh le nd e use of this, the out rop is often overed
y slump nd soil .

6 .5 .2 .3 C stleg te "A" Se m

The C stleg te "A" se m is str tigr phi lly lo ted 150 to 230 feet ove the Hi w th se m. The se m
r nges 4.0 to 14 .0 feet in thi kness. The ver ge thi kness in this re is 8.3 feet. The C stleg te "A" se m
ne rly pin hes out nd e omes unmine le in re s ne r the southwestern ound ry .

The floor of this se m ppe rs to v ry from r on eous silty sh le to fine gr ined fluvi l s ndstone .
ter nrodu tion from this floor str t h s not een o served in other mining oper tions in the re .

The roof onsists essenti lly of over nk r on eous silty sh les ( pproxim tely 80%). In the northe stern
p rt of the le se persistent rider se m is present . The rem inder of the mine roof onsists of fluvi l h nnel
s ndstones. The frequen y of h nneling in re ses to the west . Lo l s ouring of the se m o urs in some of
the h nnels . The gener l h nnel trend is NE-S nd r nge 100 to 500 feet in width . During mining, some
h nnels m y initi lly produ e w ter whi h will, more th n likely, dry within weeks . However, if sust ined

flows re en ountered during mining oper tions, the w ter will e m n ged s des ri ed in Ch pter 7 .

Poor top onditions gener lly re lo ted dj ent to h nnel m rgins due to differenti l omp tion of the
dj ent sh le units . This is indi ted y the und n e of sli kenside fe tures in the sh le .

6.5 .2 .4 Bo right Se m

The Bo right se m lies out 120 feet ove the C stleg te "A" se m. It is very lenti ul r nd ont ins
und nt p rtings . It does not hieve min le thi kness (4 .0 ft.) within the Gordon Creek re . However,

the se m does thi ken ove 4.0 feet southwest of the le se . ithin the Horizon mining le ses, the se m
ont ins sh le roof nd floor. Lo lly, s ndstone o urs in the roof.

6.5 .3 Oil nd G s ells

No oil nd g s explor tion or produ tion wells re lo ted in the permit re .
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6 .5 .4 Det iled Cross Se tions

Pl tes 6-2 nd 6-3 re geologi ross se tions whi h show the gener l str tigr phi rel tions through the
Horizon Mine re . The str tigr phi rel tionships of the C stleg te "A" nd Hi w th se ms re illustr ted
in these se tions. T les 6-3 nd 6-4 list the orings nd their lo tions used to onstru t the ross se tions .

6.5 .5 Co l Reserves

For o l reserve l ul tions see Se tion 3 .3 .3 .1 .

6 .5 .6 Co l Qu lity nd Ch r teristi s

T le 6-5 summ rizes the qu lity of the Hi w th o l se m. The n lyses were performed on ore s mples
from drill hole LMC-4 s well s the HZ drill holes. Supporting l or tory d t sheets re provided in
Appendix 6-2 .

A ording to d t provided in T le 6-5, the ver ge moisture ontent of the Hi w th o l se m is 7.99
per ent. The nvriti sulfur ontent of the o l is low, with m ximum of 0.07 per ent nd n ver ge of 0 .05
per ent .

	

v

D t presented in Appendix 6-2 nd summ rized in T le 6-6 indi te th t the Hi w th o l se m does not
possess toxi -forming h r teristi s. Boron nd selenium on entr tions, s well s sodium dsorption r tios,
re ll within r nge l ssified s "good" y Le therwood nd Du e (1988). However, the id- se potenti l

of e h of the three o l s mples whi h were olle ted from the HZ-series holes suggests th t the o l h s
potenti l to e id-forming .

The id-forming potenti l of the o l will e tempered y its slightly lk line n ture (with pH th t v ries
from 7.3 to 7 .8, ording to Appendix 6-2) . Furthermore, imp ts to the environment of the permit nd
dj ent re s resulting from this id-forming potenti l will e minimized y two f tors . First, o l will e

stored on the surf e for only short periods of time efore eing shipped off site, thus redu ing the potenti l
for we thering, oxid tion, nd gener tion of id dr in ge. Se ond, runoff from the o l sto kpile will e
routed through the f ility sediment tion pond, where it will mix with more- lk line runoff from ddition l
re s, thus neutr lizing ny idi dr in ge whi h might form .

6 .5 .7 Adj ent nits (Over urden nd nder urden)

6.5 .7 .1 Ro k Ch r teristi s, A id-toxi , Pyrite, Cl y nd
Alk linity

T le 6-6 lists the n lyti l results of tests performed to determine the id- nd toxi -forming potenti l of
floor nd roof s mples olle ted dj ent to the Hi w th o l se m from LMC-4 nd from the HZ holes .
Comp ring the d t in T le 6-6 with the guidelines presented y Le therwood nd Du e (1988) indi te th t
the roof nd floor m teri ls should e neither
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TABLE 6-3

CROSS SECTION BORING LOCATIONS
NORTH-SO TH CROSS SECTION

5
A

Boring
Lo tion

(BY SECTION)
Lo tion

(BY .S . CADASTRAL
SYSTEM)

BCCC MC-2-2 T13S R8E S NE se . 18 (D-13-8) 18

ARCO (1980) GC-8 T13S R8E N S se . 8 (D-13-8) 8

Blue Bl ze Co l Co. Consumers (1927) DH-3 T13S R8E N NE se . 8 (D-13-8) 8

SGS (1976) -BC-4-S T13S R8E NE NE se . 8 (D-13-8) 8

ARCO (1980) GC-7 T13S R8E SE SE se . 5 (D-13-8) 5dd

ARCO (1980) GC-6 T13S R8E NE SE se . 6 (D-13-8) 6d

SGS (1976) -BC-5-S T12S R8E S S se . 32 (D-12-8) 32
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TABLE 6-4

CROSS SECTION BORING/MEAS RED SECTION LOCATIONS
EAST- EST CROSS SECTION

Boring/Me sured Se tion
Lo tion (Se tion) Lo tion

( .S . C d str l System)

ARCO Me sured Se tion No. 3 & No. 6 Mines t Port ls TI 3S R8E NE S Se . 16 (D-13-8) l8

Be ver Creek Co l Co. Mine Core MC-3-1 TI3S R8E N S Se . 16 (D-13-8) 8

Be ver Creek Co l Co. No. 3 Mine orkings M -3-2 (1976) TI 3S R8E S S Se . 16 (D-13-8) 8

LMC Resour es (1976) C & Co l Co . Su mitt l LMC-4 TI3S R8E S NE Se . 17 (D-13-8) 8

ARCO (1980) Me sured Se tion Ne r N tion l Mine TI3S R8E SE S Se . 17 (D-13-8) 5dd

Be ver Creek Co l Co. (1976) Certified Point OC-2-1 TI3S R8E SE SE Se . 18 (D-13-8) 6d

Be ver Creek Co l Co. (1976) No . 2 Mine Core MC-2-2 T12S R8E S NE Se . 18 (D-12-8) 32

Be ver Creek Co l Co. (1976) Certified Point OC-2-2 TI3S R8E SE S Se . 18 (D-13-8) 18 d

SGS (1976) -BC-3-S T13S R7E SE S Se . 12 (D-13-7) 12 d

ARCO (1980) GC-3 TI 3S R7E N S Se . 13 (D-13-7) l3

ARCO Me sured Se tion N . Fork Gordon Creek T13S R7E NE NE Se . 23 (D-13-7) 23

Ar o (1980) GC-2A T13S R7E S SE Se . 15 (D-13-7)15d

SGS (1980) GC-3 TI 3S R7E SE SE Se . 16 (D-13-7)16dd

SGS (1980) GC-5 TI 3S R7E NE NE Se . 16 (D-13-7) l6
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TABLE 6-5

Q ALITY OF HIA ATHA COAL SEAM ( )

0

On n " s-re eived" sis . L or tory reports provided in Appendix 6-2 .

5CD

w
N
O
O

Hole
Num er

Interv l
S mpled

(ft)

Moisture
Content
(%)

Ash
Content
(%)

ol tile
M tter
(°/ )

Fixed
C r on
(%)

He t
Energy
(Btu/l )

Tot l
Sulfur
(%)

Pyriti
Sulfur
(%)

LMC-4 224.0-227 .5 5 .38 7.63 42 .51 44.48 12,448 0.47 0.04

HZ-95-1 1012 .4-1012 .8 8.06 6.10 40 .57 45.27 12,230 0 .58 0.02

HZ-95-1 1013 .3-1015 .4 9.17 5 .26 40 .51 45 .06 12,450 0 .57 0.07

HZ-95-1 1015 .4-1015 .8 8.81 19.00 36 .31 35.88 10,287 0 .45 0 .04

HZ-95-1 1015 .8-1017 .6 8 .94 5 .24 40 .20 45 .62 12,533 0 .45 0 .05

HZ-95-1 1017 .6-1019 .0 10 .49 13 .27 35 .10 41 .14 10,957 0.38 0.03

HZ-95-2 1147.3-1148 .4 9 .11 5 .68 40.10 45 .11 12,306 0.49 0.05

HZ-95-2 1148 .4-1149.7 7.63 17.38 37.44 37.55 10,665 0.38 0.04

HZ-95-3 412.6-414.0 7.41 4.22 41 .11 47.26 12,768 0.59 0.05

HZ-95-3 415.5-417.05 6.87 4.26 42.24 46.63 12,940 0.61 0.07

HZ-95-3 417.05-418.2 7.57 4.64 41 .03 46.76 12,672 0.58 0.06

HZ-95-3 418.2-419 .2 7.53 14.10 36.40 41 .97 11,187 0.53 0.06

HZ-95-3 419 .2-420.1 6.84 11 .89 38.33 42 .94 11,846 0 .56 0 .04



0

Ch pter 6, Geology
Hidden Splendor Resour es, In .

	

M y 2004



( )

( )

0

TABLE 6-6

ACID- AND TOXIC-FORMING POTENTIAL OF
HIA ATHA COAL, ROOF, AND FLOOR SAMPLES ( )

An lyses performed in ord n e with Le therwood nd Du e (1988). L or tory reports provided in Appendix 6-2 .

In tons of C C03 per 1000 tons of m teri l

CD

5C)

w
N
O
O

Interv l Boron Selenium Sodium Totz I Pyriti
Hole S mpled nit Con . Con . Adsorp . pH A id/B se Sulfi r Sulfur
Num er (ft) S mpled (ppm) (ppm) R tio Pot . (e) (%; (%)

LMC-4 214.0-217.0 Roof 1 .61 <0.1 1 .98 7 .12 -- - 0.24

LMC-4 224.0-227.5 Co l -- -- -- -- -- ( .47 0.04

LMC-4 227.3-230.5 Floor <0 .1 <0.1 1 .04 8 .09 -- - 0 .05

HZ-95-1 1011 .2-1012 .4 Roof -- -- 0 .35 7.96 20.3 - --

HZ-95-1 1012.4-1012 .8 Co l 0.13 <0.01 0 .40 7.32 -13 .6 ( .58 0 .02

HZ-95-2 1146 .2-1147 .3 Roof 0.22 0.05 1 .36 7.94 64.0 - --

HZ-95-2 1147 .3-1148 .4 Co l 0.17 <0 .01 0.91 7.77 -9.1 ( , .49 0 .05

HZ-95-2 1158 .2-1159 .3 Floor 0.21 0 .07 1 .29 8.53 30.1 - --

HZ-95-3 411 .9-412.6 Roof 0.29 0 .05 0.68 7.89 22.3 - --

HZ-95-3 412 .6-414 .0 Co l 0.17 <0 .01 0.41 7 .31 -15.8 ( .59 0.05

HZ-95-3 420.3-421 .0 Floor 0 .05 0.01 0 .55 7.21 29.0 - --
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id-gener ting nor toxi -forming. One s mple (LMC-4 roof m teri l) did ont in n nom lously-high pyriti
sulfur ontent of 0 .24 per ent. However, omp rison with other s mples olle ted in the re indi tes th t
Liii onwiit, i~) iixeiy ui iimiLeu re i extent . inis is iui Lifer veriiieu uy Life iiigll ue Li uuL uoIl
potenti l of the rem ining roof nd floor m teri ls (with id/ se potenti ls v rying from 20.3 to 64 .0 tons
of C CO3 per 1000 tons of m teri l) .

To monitor onditions of the over urden nd under urden, s mples will e t ken t 2,000 ft interv ls
throughout the mine nd will e tested ording to the Divisions requirements .

6 .5 .7.2 Roof nd Floor Properties

As dis ussed in Se tion 6.5 .2, the roof nd floor ro k of the C stleg te "A" nd Hi w th se ms v ries from
sh le to ompetent s ndstone. Inform tion o t ined from the LMC drill holes nd sele ted drill holes from the
Be ver Creek Co l Comp ny permit ppli tion for their mines in the re h ve een utilized to determine roof
nd floor onditions th t n e nti ip ted while mining the Hi w th se m. The lo tion of the of the Be ver

Creek drill holes re in luded on Pl te 3-3 . Logs of the wells used to determine the properties of the roof nd
floor ro k re in luded in Appendix 6-1 .

The logs of drill hole LMC-3 nd LMC-4 indi te the floor ro k of the Hi w th onsists of five feet of
r on eous silty sh le nd silty s ndstone overlying the m ssive s ndstone of the Spring C nyon Mem er

of the St r Point Form tion. No ores were o t ined from LMC-3 nd LMC-4 to determine the geote hni l
properties of roof or floor ro k. However, um xi l strength tests were performed y Be ver Creek Co l
Comp ny on s mples of sh les nd s ndstones o t ined from drill holes GCD-4, 7, nd 10 . These drill holes
re lo ted pproxim tely one mile west-southwest of the Horizon Mine port ls . The results of the tests re

provided in T le 6-7 .

The logs from drill hole LMC 1 indi te the roof of the uppermost split of the C stleg te "A" se m is
pproxim tely 35 feet of s ndstone. The floor of the se m onsists of four feet of sh le overlying
pproxim tely 30 feet of s ndstone . In LMC-2, the upper split roof ro k onsists of 42 feet of r on eous

sh le nd the floor onsists of 38 feet of sh ley silty s ndstone . In LMC-3, the upper split roof ro k onsists
of 4.5 feet of sh le overl in y 19 feet of silty s ndstone nd the floor ro k onsists of four feet of sh le
overlying 8 .5 feet of s ndstone . In LMC-4, the roof ro k onsists of 15 feet of s ndstone nd the floor ro k
is five feet of siltstone overlying 26 feet of s ndstone. Inform tion from Be ver Creek Co l Comp ny GCD-4
indi tes th t the roof ro k of the C stleg te"A" se m in the re of the drill hole onsists of s ndstones
inter edded with sh les nd the floor onsists of sh le. The results of uni xi l strength tests for s mples
o t ined from the roof nd floor ro k of the C stleg te "A" se m in drill hole GCD-4 is provided in T le 6-7 .
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TABLE 6-7

NIAXIAL STRENGTH TEST RES LTS
BEA ER CREEK COAL COMPANY, DRILL HOLES GCD-10, 4, AND 7

i

j I
0C)0 CD
01 0

7o ~
CA0r
0y

NOOP

S mple
I.D .

Depth Interv l
(feet)

Di meter
(in hes)

Length
(in hes) Des ription

Compressive
Strength

(psi)

Young's
Module

(psi x 106)

GCD-10 80.0-85 .0 1 .85 3 .86 Sh le % 14327 1 .0994

GCD-10 76.2-76 .8 1 .85 3 .74 Sh ly s ndstone 8448 2.9047

GCD-10 20.0-20 .5 1 .86 3 .64 Sh ly s ndstone 16874 2.4769

GCD-10 29.7-30 .2 1 .86 3.75 Sh ly s ndstone N/A 5.0169

GCD-10 35.8-36.9 1 .85 3.75 Sh ly s ndstone 15977 2.0718

GCD-1OA 26.4-27.6 1 .85 3 .67 Sh le 7772 1 .1189

GCD-1OB 26 .4-27.6 1 .85 3.71 Sh le 16601 1 .753

GCD-4 364 .0 - 366 .0 2 .87 5 .20 Roof ro k, s ndstone
inter edded w/sh le

9130 1 .1977

GCD-4 366.0 - 368 .0 2 .58 4 .73 Roof ro k, s ndstone
inter edded w/sh le

5860 1 .0791

GCD-4 369.0 - 370.0 2 .41 4.91 Roof ro k, s ndstone
inter edded wlsh le

10606 1 .9149

GCD-4 381 .0 - 382 .0 2.40 4.93 Floor ro k, sh le 10616 1 .7017

GCD-7 122.0 - 122 .5 1 .85 3 .80 S ndstone inter edded
w/sh le

11257 1 .6076
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6.6 Geologi Effe ts of Mining

6.6.1 Mining H z rds

The types of mining h z rds whi h h ve een en ountered t other mines in the immedi te re nd within the
s t h Pl te u re nti ip ted to e en ountered while mining in the Horizon No. 1 Mine. Roof onditions

v ry from ex ellent to poor depending upon the type of ro k overlying the o l. Meth ne h s never een
dete ted in the mine workings in this re . The m ximum thi kness of over urden is not ex essive : therefore,
explosive ro k ursts nd "ri rolls" re not expe ted to o ur .

6.6 .2 Surf e H z rds

Ro kf lls o ur n tur lly, ut n e more frequent with tivities sso i ted with mining su h s in re sed
men, m hinery, noise, nd ulk movement of soil using tr tors nd mining equipment. This is rel tively
minor pro lem nd nothing of ny more on ern is expe ted to o ur.

6 .6 .3 Imp ts of Mining

There will e no geologi effe ts other th n the possi le distur n e of the groundw ter nd surf e su siden e .
These potenti l pro lems h ve een dis ussed in Ch pter 7 nd Se tion 3.4.8 .

6.6.4 Su siden e

Su siden e of the sediments overlying the mining re will e monitored. A det iled des ription of the
su siden e monitoring pl n, in luding m p illustr ting the lo tion of monitoring st tions, is presented in
Se tion 3.4.8 .

6.7 Post Mining Re l m tion

Re l m tion of the mine site following ompletion of the mining oper tions s required y st te regul tions
R645-301 nd R645-302 will e omplished. The re l m tion pl n is dis ussed in det il in Se tion 3 .5 of
this permit ppli tion.
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CHAPTER 7

HYDROLOGY

The purpose of this h pter is to present review of hydrologi inform tion relev nt to the Horizon
No. 1 Mine . A pl n of tion is presented to ensure th t underground o l mining oper tions re
in ompli n e with Offi e of Surf e Mining (OSM) nd DOGM hydrology regul tions .

This h pter in ludes des ription of hydrologi onditions in the permit nd dj ent re s nd
determin tion of the pro le hydrologi onsequen es of mining tivity .

7.1 Ground ter Hydrology

7.1 .1 Method of Study

To ssist in this investig tion, field re onn iss n e of the re w s m de with the id of the
Division of Oil, G s nd Mining (D rin orden 1988-1990) . Hydrologi d t olle ted from wells
nd springs in the re were ev lu ted. D t ev lu ted lso in lude drill hole logs, mine m ps

from the permit nd dj ent re s, pu lished nd open file reports from the .S. Geologi l
Survey, t h Geologi l Survey, Bure u of L nd M n gement, nd the .S . Forest Servi e .
Be ver Creek Co l Comp ny re ords were lso used to study the hydrology of the re .

Field re onn iss n e of the mine re permitted o serv tion of the geologi setting of springs nd
seeps, nd onfirm tion of the geologi o serv tions m de from eri l photo re onn iss n e .
In ddition, inform tion on hydrologi onditions en ountered, in the dj ent Be ver Creek Mines,
were reviewed .

Furthermore, t the request of DOGM, re onn iss n e of the permit re nd surrounding
re s w s performed for seeps nd springs . Are s ev lu ted in luded S nd Gul h, Co l C nyon
nd sever l unn med dr in ges whi h ontri ute to Jump Creek. The seeps nd springs thus

lo ted re presented on Pl te 7-1 . The flow nd temper ture for e h of the seep or spring re
summ rized in Appendix 7-2 . These d t were g thered to provide seline inform tion in
nti ip tion of future mining .

7.1 .2 Existing Ground ter Resour es

7.1 .2.1 Region l Ground ter Hydrology

The lithologi n ture of the pper Cret eous str t gener lly render these units unsuit le s
signifi nt quifers . Pri e nd Arnow (1974) do not identify Gordon Creek re s region for
potenti l l rge s le ground w ter development . In gener l, ll the upper Cret eous sediments
of the re h ve low hydr uli ondu tivities nd low spe ifi yields (0.2 to 0 .7 per ent) (Pri e nd
Arnow, 1974) . Mu h of the pre ipit tion th t f lls in the s t h Pl te u exits the re y
overl nd flow nd ev por tion. Mu h of the w ter th t does enter the ground moves only short
dist n es efore dis h rging s springs nd seeps (field o serv tions m de y D rin orden -
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DOGM nd Roger Sk ggs - Blue Bl ze Co l Comp ny). Det iled des riptions of the form tions
dis ussed elow re presented in Ch pter 6 .

The lowest prin ip l w ter- e ring form tions of the s t h Pl te u re the s ndstone units of
the M n os Sh le Group. These in lude the Emery nd Ferron S ndstones (Pri e nd Arnow,
1974). These s ndstone units o ur in the southern portions of Emery County, nd pro ly do
not extend into the in the Gordon Creek re (Fisher et l., 1960) .

The St r Point Form tion overlies the M n os Sh le. It is omposed of littor l s ndstones
inter edded with tongues of the M n os Sh le. The St r Point Form tion ont ins the P nther,
Storrs, nd Spring C nyon s ndstone mem ers. Lines (1985) identified the Bl kh wk Form tion
nd St r Point S ndstone s n quifer in the region . The m jority of the w ter ont ined in the

Bl kh wk-St r Point quifer resides in the s ndstone tongues of the St r Point Form tion . It is
likely th t the St r Point S ndstone is the only form tion within the permit nd dj ent re s th t
ont ins groundw ter on n re lly-extensive sis .

The Bl kh wk Form tion overlies the St r Point S ndstone nd ont ins the prin ip l o l eds
mined in the re . The Bl kh wk is omprised of sever l hundred feet of inter edded
s ndstone, sh le, siltstone, nd o l . The A erdeen S ndstone is m rine s ndstone unit of the
Bl kh wk Form tion. S ndstone units of the Bl kh wk re gener lly very-fine gr ined, nd
h ve signifi nt l y ontent. Ground w ter th t o urs in this form tion gener lly o urs in
l ter lly dis ontinuous per hed quifers. As result, the Bl kh wk is not signifi nt region l
quifer, nd little work h s een done to determine its hydr uli h r teristi s .

Two pump tests ondu ted in the s l p rt of the Bl kh wk in E les C nyon show th t this
form tion is very poor quifer ( ughn H nsen Asso i tes, 1979). Tr nsmissivities determined
from these pump tests were 21 .0 nd 16.3 g llons per d y per foot (gpd/ft) . Re overy tests on
these s me two wells resulted in tr nsmissivities of 16 .6 nd 17.9 gpd/ft .

Minor seeps nd springs o ur long v lley fl nks where w ter infiltr tes from the surf e ove
the v lley floor, moves short dist n e, nd dis h rges t point lower on v lley fl nks . More
su st nti l springs o urwhere the surf e re h rge re is more signifi nt nd the w ter moves
through the su surf e gre ter dist n e efore dis h rging ne r the v lley floors . These two
types of springs re depend nt upon the mount of pre ipit tion v il le for re h rge nd
frequently exhi it se son l flow v ri tions .

A third type of spring o urs when rel tively extensive quifer ont ining l rge qu ntities of
w ter in stor ge dis h rges to the surf e. The dis h rge r te from this type of spring is not s
ffe ted y short term flu tu tions in re h rge s the two types of springs des ri ed in the

pre eding p r gr ph .

Geologi onditions pl y n import nt role in the o urren e of springs . ter th t per ol tes into
the ground moves down gr dient through the perme le sediments, until n imperme le unit is
en ountered . Ground w ter flow is then redire ted long the imperme le interf e until the
ground surf e is interse ted nd spring dis h rge o urs or the imperme le unit pin hes-out
nd the ground w ter g in moves verti lly .
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The C stleg te S ndstone, whi h overlies the Bl kh wk Form tion, is prin ip lly omposed of
m ssive s ndstones with minor mounts of sh le, siltstone, nd onglomer te (lo l o urren e) .

ithin the s t h Pl te u, the C stleg te S ndstone typi lly erodes to form very steep liffs
th t re ommonly deeply in ised y steep-w lled nyons .

The Pri e River Form tion overlies the C stleg te S ndstone nd onsists of inter edded
s ndstone, sh le, nd siltstone. Groundw ter ont ined within the Pri e River Form tion o urs
within per hed quifers . L or tory tests on s ndstone from the Pri e River show th t it h s
gener lly high porosity (21 %) ut pp rently low perme ility (Cordov , 1964) .

7.1 .2.2 Mine Pl n Are Aquifers

This se tion ont ins groundw ter inform tion pertinent to the mine re . In luded herein re the
following: 1) des ription of the potenti l quifers in the mine re ; 2) depth to w ter me sured
in wells within the permit re ; nd 3) pproxim te r tes of dis h rge or us ge .

Geologi O urren e

Form tions whi h out rop within the proposed Horizon permit nd dj ent re s in lude
qu tern ry lluvium, the Pri e River Form tion, the C stleg te S ndstone, the Bl kh wk
Form tion, the St r Point S ndstone, nd the M n os Sh le. A region lly extensive groundw ter
system h s not een identified in the permit re (Engineering S ien e, 1984) . Ch r teristi s
of these form tions, nd their potenti l to serve s quifers in the permit nd dj ent re s, is
presented elow.

Pri e River Form tion . The Pri e River Form tion onsists of inter edded s ndstone, sh le, nd
l ystone. Due to its limited out rop extent within the permit nd dj ent re s, the presen e

of l ystone nd sh le within the form tion, nd dr in ge of the form tion y deeply in ised
nyons, the Pri e River Form tion is not onsidered to e signifi nt quifer within the permit
nd dj ent re s . A ording to the Cumul tive Hydrologi Imp t Assessment, ompleted y
DOGM (1989) for the pper Gordon Creek Are , "groundw ter sso i ted with the Pri e River

Form tion m y e h r terized s o urring within 'per hed' quifer nd represents rel tively
insignifi nt hydrologi resour e."

C stleg te S ndstone ., The C stleg te S ndstone onsists of 150 to 500 feet of white to gr y,
o rse-gr ined often onglomer ti s ndstone with few thin inter edded mudstones or sh les
ne r the se. Cliffs often form long out rops of the C stleg te S ndstone . B sed on the
limited re of exposure for surf e re h rge (due to the steep slopes), the limited potenti l for
re h rge from the overlying per hed quifers of the Pri e River Form tion, nd dr in ge of the
s ndstone into the deeply in ised nyons of the re , w ter ont ined within the C stleg te is
insignifi nt. Consequently, this form tion is not onsidered to e signifi nt quifer.

Bl kh wk Form tion . The Bl kh wk Form tion underlies the C stleg te S ndstone nd
onsists of sever l hundred feet of inter edded s ndstone, siltstone, sh le, nd o l . The

Hi w th o l se m is lo ted ne r the se of the Bl kh wk Form tion . The Bl kh wk
Form tion h s mixed lithology of s ndstones, sh les, nd o ls whi h produ e ltern ting
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per hed quifers nd imperme le eds (Doelling, 1972) . Four springs were identified in the re
y the 1989 Cumul tive Hydrologi Imp t Assessment with " ll springs dis h rging from the

Bl kh wk Form tion". Figure 7-1 shows n ex mple of per hed quifer flow in the Bl kh wk
Form tion .

The ove-mentioned springs re sso i ted with fr tures nd/or h nnel s nds th t re of
limited re l extent, whi h ont in w ter per hed over sh le eds nd h ve limited re h rge
re s. This type of spring ommonly h s onsider le v ri tion in flow e use of the limited

re h rge re nd the limited mount of stor ge in the quifer (Engineering S ien e, 1984) .

A ording to DOGM (1989), mine inflows into mines in the re of the Horizon No . 1 Mine re
insignifi nt. Sin e mining in the re o urs within the Bl kh wk Form tion, this indi tes th t
extensive quifers re not present within the Bl kh wk Form tion in the permit nd dj ent
re s .

The re l extent of the A erdeen S ndstone h s een m pped in the mine re using d t from
drill hole logs nd surf e exposures . It h s een found to e thin (only sever l feet in thi kness)
nd it undergoes f ies h nge within the mine re where s ndstone eds gr de into finer-

gr ined sediments (H nsen, 1988) . As result, the A erdeen is present s very thin fine-
gr ined s ndstone, inter edded with siltstones nd sh les in the Horizon No . 1 Mine re . Due
to this lithologi ondition, the A erdeen S ndstone is not nti ip ted to e signifi nt quifer
in the permit re . This on lusion is supported y the f t th t, lthough few springs within the
permit or dj ent re s issue from the Bl kh wk Form tion, none of these issue from the
A erdeen S ndstone .

Sele ted springs within the permit nd dj ent re s h ve een monitored y Horizon Co l
Comp ny nd others in the p st. These springs re l eled s s mpling points SP-1, SP-2, SP-4,
nd SP-6 on Pl te 7-1 . These s mpling points, whi h ll issue from the Bl kh wk Form tion,

h ve een monitored during essi le periods from 1989 to the present, with the resulting
monitoring d t presented in Appendix 7-2 . Previous s mpling efforts h ve referred to these
springs s St tion No. 1, St tion No. 2, nd St tion No . 3, respe tively . The h nge in
terminology referen ing the springs h s een m de solely to en le e sier identifi tion nd
dis ussion in this permit ppli tion .

SP-1 is lo ted on hillside nd flows to Jewkes Creek. This spring dis h rges t n elev tion
of pproxim tely 8195 feet ove me n se level from the Bl kh wk Form tion . SP-2
dis h rges from the Bl kh wk Form tion t n elev tion of pproxim tely 8005 feet ove me n
se level . ter issuing from this seep does not flow f r enough to enter the m in stre m
h nnel of Jewkes Creek . su lly, this seep n not e seen flowing on the surf e more th n
pproxim tely 100 feet from its origin .
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figure 7-1
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SP-4 is lso lo ted in the Jewkes Creek dr in ge. This spring dis h rges from the Bl kh wk
Form tion t n elev tion of pproxim tely 8102 feet ove me n se level nd flows long the
ro d until it empties into Jewkes Creek .

SP-6 w s identified y D rin orden of DOGM during n initi l site re onn iss n e s
desir le s mpling point . This site, whi h is lo ted in the Bl kh wk Form tion, is situ ted in n
re e st of nd upstre m from the proposed mine port ls . However, this "spring" h s een
onsistently dry during the ye rs of s mpling (1989 through 1995) . It is presumed th t the lo tion
w s initi lly design ted y Mr . orden during period of ephemer l runoff nd th t it does not,
in f t, represent spring . Therefore, this lo tion will not e in luded in future hydrologi
monitoring efforts .

Flow me surements olle ted t the time of s mpling for the springs h ve een plotted s
indi ted in Appendix 7-2 . The flow of springs within the permit nd dj ent re s is typi l of
springs in the region, with the highest flow r tes in the l te spring, followed y lower flow r tes in
the l te summer nd e rly f ll. Spring SP-1 gener lly flows t pproxim tely 10 to 15 g llons per
minute (gpm) during l te spring, with high of 45 gpm o urring in M y 1989 . The flow then
t pers off to pproxim tely 5 to 6 gpm in l te summer nd e rly f ll . The gr du l t pering off of
flow is pro ly the result of de re se in re h rge to the quifer during the dry summer months .

Spring SP-2 typi lly dis h rges t r te of 1 to 2.5 gpm in l te spring nd then t pers off to
pproxim tely 1 gpm or less. Re ords indi te th t the spring w s dry in July nd August 1991
nd July through t le st De em er 1992 . Flow onditions t SP-4 h ve een very simil r to

those en ountered t SP-2 during the 6 .5-ye r period of re ord .

Also noted on Pl te 7-1 is s mple point identified s SP-9 (referred to lo lly s Jewkes Spring) .
This spring, whi h will e monitored in the future y Hidden Splendor Resour es, w s monitored
y the .S . Geologi l Survey during the period of 1979 through 1983 nd y Be ver Creek Co l
Comp ny from 1985 through 1995 . During its period of re ord, Be ver Creek Co l Comp ny
referred to the spring s st tion 2-5- .

SP-9 (Jewkes Spring) issues from the Bl kh wk Form tion t n elev tion of pproxim tely 8550
feet ove me n se level. Typi l flow r tes v ry from 20 to 60 gpm in the l te spring,
de re sing during the l te summer nd e rly f ll. The m ximum flow r te listed in Appendix 7-2
for SP-9 (Jewkes Spring) w s 1372 gpm in July 1985 . However, sin e this flow is f tor of 7.4
higher th n the next highest flow r te, nd sin e flow r tes me sured in June nd August of th t
ye r were 36 nd 39 gpm, respe tively, this flow r te is onsidered in ur te nd spurious .

Springs CC-5 nd MC-4 issue from the Storrs nit of the St r Point Form tion . These springs re
lo ted pproxim tely one mile southe st of the permit re nd re essed from County Ro d
290 (see Pl te 7-1) .

St r Point S ndstone . The St r Point S ndstone onsists of fine to medium gr ined s ndstone
th t de re ses in gr in size with depth . This unit onsists of sever l littor l s ndstone tongues
sep r ted y M n os sh les (Doelling, 1972) . Region lly, re h rge to the St r Point o urs
prim rily from verti l movement of w ter through the overlying Bl kh wk Form tion . Due to the
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low verti l perme ility of the Bl kh wk Form tion, the m gnitude;:of this.s re h rge is limited .
This form tion is monitored vi monitoring wells HZ-95-1, HZ-95-2, f #' »O nd HZ-95-3 whi h
h ve een inst lled into the uppermost Spring C nyon tongue t the lo tions noted on Pl te 7-1 .

M n os Sh le . nderlying the St r Point S ndstone is the M suk mem er of the M n os Sh le .
The M suk Sh le onsists of lue-gr y fissile l ystone or silty l ystone whi h we thers light
lue-gr y to light t n . Although the M suk Mem er of the M n os Sh le m y e lo lly s tur ted
ene th the St r Point S ndstone, it is not onsidered to e n quifer. Ex ept where extensively

fr tured, the low-perme ility sh les in the M suk will tr nsmit only rel tively sm ll qu ntities of
w ter (Lines, 1985) .

Qu tern ry Alluvium . n onsolid ted Qu tern ry deposits re present in the floors of dr in ges
nd gener lly onsist of silts, s nds, nd gr vels. The lluvi l deposits re eive w ter from the
dj ent edro k in some of the deeply in ised nyons . ter is pro ly supplied to the
lluvium y seep ge from the Bl kh wk nd St r Point Form tions . Dis h rge from the

Qu tern ry lluvium is to the surf e w ter system . Due to the limited re l extent of lluvium in
the re , this unit is not onsidered to e signifi nt quifer.

Homeste d Spring (2-6- ), whi h dis h rges from lluvi l deposits nd w s monitored previously
y Be ver Creek Co l Comp ny, w s dded to the Horizon's monitoring progr m in 1996 .

Although Homeste d Spring is outside of the permit nd dj ent re nd will not e effe ted
y the proposed mining oper tion, the spring will supply v lu le seline flow d t e use of

it's ontri ution to Be ver Creek. C re will e t ken during s mpling sin e the l ndowner
requested th t tresp ss e limited due to previous v nd lism on the property .

Depth to ter

Four explor tory holes (LMC-1 through LMC-4) were drilled within the permit ound ry in the l te
1970's nd e rly 1980's. Drill hole lo tions re shown on Pl te 7-1 . Three wells (LMC-1, LMC-3,
nd LMC-4) were ret ined s open holes . ter-level d t h ve een olle ted from these holes .

T le 6-2 ont ins drill hole d t pertinent to the hydrologi resour es of the re . Drill hole logs
re found in Appendix 6-1 .

ter-level me surements olle ted from the three open holes (LMC-1, LMC-3 nd LMC-4) re
provided in T le 7-1 . ter level nd depth me surements were olle ted y me ns of

1500-foot ele tri w ter-level indi tor m nuf tured y Solinst. All three wells were found to
e dry during the period of Fe ru ry 1992 through O to er 1995 .
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TABLE 7-1

ATER-LE EL DATA OBTAINED FROM
LOCAL MONITORING ELLS

LMC-1 LMC-3 LMC-4
D te

Depth (ft) Elev. (ft) Depth (ft) Elev . (ft) Depth (ft) Elev. (ft)

2/27/92 > 599 < 7852 > 664 < 7556 > 217 < 7587
3/28/92 > 599 < 7852 > 664 < 7556 >217 < 7587
4/25/92 > 599 < 7852 > 664 < 7556 >217 < 7587
5/17/92 > 599 < 7852 > 664 < 7556 >217 < 7587
6/25/92 > 599 < 7852 > 664 < 7556 > 217 < 7587
7/25/92 > 599 < 7852 > 664 < 7556 >217 < 7587
8/24/92 > 599 < 7852 > 664 < 7556 >217 < 7587
9/29/92 > 599 < 7852 > 664 < 7556 >217 < 7587
10/25/92 > 599 < 7852 > 664 < 7556 > 217 < 7587
1 1 /22/92 > 599 < 7852 > 664 < 7556 >217 < 7587
12/28/92 > 599 < 7852 > 664 < 7556 >217 < 7587
5/30/93 > 599 < 7852 > 664 < 7556 > 217 < 7587
6/25/93 > 599 < 7852 > 664 < 7556 > 217 < 7587
7/25/93 > 599 < 7852 > 664 < 7556 >217 < 7587
8/20/93 > 599 < 7852 > 664 < 7556 > 217 < 7587
9/27/93 > 599 < 7852 > 664 < 7556 > 217 < 7587
10/22/93 > 599 < 7852 > 664 < 7556 >217 < 7587
11 /6/93 > 599 < 7852 > 664 < 7556 >217 < 7587



TABLE 7-1 (Continued)

ATER-LE EL DATA OBTAINED FROM
LOCAL MONITORING ELLS

LMC-1 LMC-3 LMC-4
D te

Depth (ft) Elev. (ft) Depth (ft) Elev. (ft) Depth (ft) Elev. (ft)

6/24/94 > 599 < 7852 > 664 < 7556 >217 < 7587
7/24/94 > 599 < 7852 > 664 < 7556 > 217 < 7587
8/25/94 > 599 < 7852 > 664 < 7556 > 217 < 7587
9/24/94 > 599 < 7852 >664 < 7556 >217 <7587
10/22/94 > 599 < 7852 > 664 < 7556 >217 < 7587
11 /2/94 > 599 < 7852 >664 < 7556 >217 < 7587
12/6/94 > 599 < 7852 > 664 < 7556 > 217 < 7587
5/26/95 > 599 < 7852 > 664 < 7556 >217 < 7587
8/8/95 > 599 < 7852 > 664 < 7556 >217 < 7587

10/27/95 > 599 <7852 > 664 < 7556 >217 <7587



TABLE 7-1 (Continued)

ATER-LE EL DATA OBTAINED FROM
LOCAL MONITORING ELLS

Depth me sured from top of 2" tu ing
# ell site in essi le 12/16/96, ess ttempted with Bill M len ik, DOGM
+ Mine site de l red In essi le y Bill M len ik
$ L ndowner refused ess until pending greement w s ompleted .
@ In essi le due to snow over
% Dry

Surf e Elev tions
Top of 6' Top of 2" Ground

7-10

HZ-951 HZ-954S HZ-95-2 HZ-95-3 HZ-01-06-1
D te Depth

(ft)*
ev tio
(ft)

Depth
(ft) *

7ev tio
(ft)

Depth
(ft)*

-lev tior
(ft)

Depth
(ft) *

ev tior
(ft)

Depth
(ft)*

Elev tion
(ft)

1215195 - - 135.0 8221 .5 828 .0 7519.6 - -
12113195 786.00 7570.70 - - - - - -
12121/95 - - - - - - 378 .80 7522.70
7/9-10196 711 .30 7585.40 133 .80 8222.70 830 .00 7517.60 380 .80 7520.70
8/5/96 770.80 7585.90 133 .50 8223.00 829 .40 7518.20 387 .80 7513.70
9111196 769.40 7587.30 132 .50 8224.00 829 .40 7518.20 387 .70 7513 .80
10/23196 776 .40 7580 .30 132 .50 8224.00 829 .20 7518.40 380 .70 7520 .80
1111196 776 .40 7580 .30 132 .50 8224.00 829 .20 7518 .40 380 .80 7520 .70
12/13196 # 829.50 7518 .10 379 .50 7522 .00
1/6197 771 .05 7584.75 133.00 8223.50
2/10197 + + + +
3125197 + + + +
4/1197 + + + +

5128197 770 .95 7584 .90 131 .50 8225.10 828 .05 7519 .55 379.90 7522.40
6/30197 770.20 7585.60 132.14 8224.36 827.72 7519 .88 379.90 7522.40
9116/97 773.50 7583.90 132.50 8224.00 827 .20 . 7520 .40 379.90 7522.40
10/17197 773.70 7583.70 132.50 8224.00 827 .20 7520.40 379.90 7522.40
6130198 817.80 7538.90 133 .10 8223 .40 836 .60 7511 .00 395.10 7506.40
911/98 7A9 nn 7 ,I 7n hit n o,,, nn 840 .90 7506 .7n . zott nn 7 nz rn
6/1199 758.80 7597.90 133 .70 8222 .80 847 .80 7499.80 399.50 7502.00
711199 758.10 7598.60 134.40 8222.10 845 .90 7501 .70
1111/99 + + + 397 .00 7504.50
5120/00 862 .70 7494.00 132 .80 8223.70 849.80 7497 .80 401 .50 7500 .00
9/8/00 402 .10 7499 .40
9/26100 875 .00 7481 .70 134 .40 8222.10 863.80 7483 .80

10-12131100 $ $ $ $
12112/00 + + + +
3123101 + + + +

5/31-6/1101 870 .55 7486 .15 133.75 8222.75 856.75 7490 .85 414 .17 7487 .33
9/20/01 876 .85 7479 .85 134.50 8222.00 862.40 7485 .20 416 .10 7485.40
10119101 873.36 7483 .34 134.65 8221 .85 858.71 7488 .89 415.70 7485.80
11117/01 944.20 7817 .20
2/18102
3125/02 @
6112/02 876.68 7480.02 135.08 8221 .42 867 .38 7480.22
914102 876.85 7479.85 136 .37 8220 .13 869 .28 7478.32
10/8102 876 .55 7480.15 136 .00 8220 .50 869 .65 7477.95
5/14103
5/28/03 875 .12 7481 .38 135 .35 8221 .15 872 .00 7475.60 %465.1 %7436 .4 1036.6
9/5103 876 .22 7480.48 135 .51 8220.99 871 .73 7475.87 %465.1 %7436 .4 1036.7

10116/03 876 .24 7480 .46 135 .45 8220.93 871 .92 7476.06 I
311/04 @ @ @ @
3129104 @ @ @ %465 .1 %7436 .4

C sing Tu ing Elev tion
HZ-95-1 8357 .1 8356.7 8352 .6
HZ-95-IS 8357 .6 8356 .5 8352.6
HZ-95-2 8348 .1 8347 .6 8346.3
HZ-95-3 7902 .2 7901 .5 7897.6
HZ-01-06-1 8761 .4 8759.4



Ch pter 7, Hydrology
.

	

Hidden Splendor Resour es, In . M y 2004 _



Ch pter 7, Hydrology
Hidden Splendor Resour es, In .

	

M y 2004 .

7-10



Ch pter 7, Hydrology
Hidden Splendor Resour es, In .

	

M y 2004 .

Hole LMC-1 w s drilled to depth of 900 feet elow ground surf e in Septem er 1976 . A log
of this hole is provided in Appendix 6-1 . LMC-1 w s drilled into the Bl kh wk Form tion through
the C stleg te A o l se m with the ottom su sequently eing se led to depth of
pproxim tely 600 feet elow ground surf e nd rem ining open ove th t depth . Hole depth
w s determined to e 599 feet elow ground surf e on Fe ru ry 27, 1992 nd the hole h s een
dry during ll monitoring visits. Person l ommuni tion with Mr. Joseph A . H rvey (1992)
indi tes th t LMC-1 w s dry to 900 feet elow ground surf e during drilling .

In O to er 1976, hole LMC-2 w s drilled to depth of 568 feet elow ground surf e. The hole
w s dv n ed through the C stleg te A o l se m . A log of this hole is provided in Appendix 6-1 .
The hole w s su sequently se led to depth of 50 feet elow ground surf e. Due to its sh llow
rem ining depth, no groundw ter me surements h ve een olle ted from this hole . Mr. H rvey
(1992) indi ted th t the hole w s dry to depth of 568 feet elow ground surf e during drilling .

Hnl I M!:_Iwni Hrill rI to rl nth of R'lF fAAt h lnw nrnu inri i irf n in NnvAmhpr 1 Q7F Thi hnIA
w s su sequently se led to depth of out 665 feet elow ground surf e, rem ining open

ove th t depth . A log of this hole is provided in Appendix 6-1 . On Fe ru ry 27, 1992, LMC-3%4r-Nn "e^k- .J -",4 Cr,rte 4n hr, ,4r,, 4n 1 4n+^I k^l ., .d„r%+k nF A rnn+ h^l^% r

Su sequent me surements in this hole h ve lso indi ted dry ondition (see T le 7-1) . Mr.
H rvey (1992) indi ted th t the hole w s dry to depth of 836 feet elow ground surf e during
drilling .

In J nu ry 1980, hole LMC-4 w s drilled through the Bl kh wk Form tion to depth of 430 feet
elow ground surf e. The hole w s dv n ed through the C stleg te A o l se m nd into the

Hi w th o l se m. This hole w s su sequently se led to depth of pproxim tely 220 feet
elow ground surf e, rem ining open ove th t depth . A log of this hole is provided in

Appendix 6-1 . On Fe ru ry 27, 1992, LMC-4 w s pro ed to depth of 217 feet elow ground
surf e nd w ter w s not dete ted. Su sequent me surements h ve indi ted th t this hole h s
rem ined dry (see T le 7-1) . Mr. H rvey (1992) indi ted th t this hole w s lso dry to tot l
depth during drilling .

E h of the LMC drill holes is open (i .e ., un sed) from the surf e to tot l depth . Thus, the
me sured dry onditions indi te th t the str t exposed y the holes re dry in e h of the holes .
In ddition to the ove me surements, d t were olle ted from wells LMC-1 nd LMC-3 y Mr .
Roger Sk ggs of Blue Bl ze Co l Comp ny in De em er 1991 . These me surements were
olle ted y tt hing two test tu es to the end of steel le, lowering the le into the drill

hole until the ottom of the hole w s re hed, nd llowing the test tu es to rest on the ottom
for sever l minutes efore retrieving the le . The length of the le w s me sured t the
surf e while the le w s extr ted . sing this method, drill hole LMC-1 w s found to e dry
t depth of 600 feet . ell LMC-3 w s found to e dry t depth of 650 feet . Although non-

st nd rd methods were used, the De em er 1991 d t orro or te the su sequent d t y
indi ting th t holes LMC-1 nd LMC-3 re dry .

Dis ussions with Mr. Joseph A . H rvey (1992), who w s present t the time the holes were drilled,
further orro or te the sen e of groundw ter within the LMC holes . A ording to Mr. H rvey,
who w s under ontr t with C & Co l Produ ers Corp . t the time the holes were drilled, e h
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hole w s dry during drilling nd upon ompletion . Completion d tes were Septem er 1976 for
LMC-1, Novem er 1976 for LMC-3, nd J nu ry 1980 for LMC-4 . Hole LMC-2 ( ompleted in
O to er 1976) w s lso reported to e dry during drilling . Appendix 7-1 ont ins not rized letter
from Mr. Joseph A. H rvey outlining his responsi ilities nd o serv tions reg rding ground w ter
t these drill holes .

It is import nt to note th t two explor tion drill holes were drilled in the Be ver Creek v lley north
of the permit re y Be ver Creek Co l Comp ny in the l te 1970's . Both of these drill holes re
lo ted very ne r the Be ver Creek h nnel nd oth h ve rtesi n flow. The first of the two
wells, here n med BC-1, is lo ted in the S 1/4 of the SE 1/4 of Se tion 5, T. 13 S., R . 8 E . The
se ond hole, here n med BC-2, is lo ted in the N 1/4 of the N 1/4 of Se tion 4, T. 13 S ., R .
8 E. These wells re ssumed to produ e w ter from pproxim tely 80 to 100 feet elow ground
surf e. BC-1 w s spud in the top of the Bl kh wk Form tion
while BC-2 w s spud pproxim tely 60 to 80 feet ove the C stleg te S ndstone nd Bl kh wk
Form tion ont t. This suggests th t w ter is ont ined in some of the upper s ndstone units
of the Bl kh wk Form tion north of the permit re . Sin e these re rtesi n wells, this lso
suggests th t the edro k units produ ing w ter rest upon quit rds nd re overl in y onfining
units . A more det iled des ription of the wells nd their rel tionship to the lo l ground w ter
system is in luded in Appendix 7-11 .

In O to er 1995, Horizon Co l Comp ny ompleted four ddition l monitoring wells within the
permit nd dj ent re s t the lo tions noted on Pl te 7-1 . Three of the monitoring wells (HZ-
95-1, HZ-95-2, nd HZ-95-3) were ompleted in the Spring C nyon tongue of the St r Point
S ndstone (i .e., immedi tely elow the Hi w th o l se m - the o l se m to e mined t this
lo tion) . The rem ining well (HZ-9HZ-9 1w omletedin lo ler heds tur tedzonewit	 _ .
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w s om feted with .2-in h .di meter.steel . s. .'n . . nd . .1.o . .eet. . .f 20-slot.wire-wounds. . inless-steelf 7o. . .	t .	 9	
s reen.
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filter p k w s pl ed in the nnulus of e h hole dj ent to the s reen . The nnulus of e h
hole w s grouted with ement/ entonite mixture ove the filter p k.

ter-level d t o t ined from the HZ monitoring wells re provided in T le 7-1

	

i ninu
The d t olle ted from the HZ wells in De em er 1995 (with the ex eption of HZ-95-1 S,

whi h is ompleted in lo lized per hed quifer), togetherwith the inform tion o t ined from the
LMC holes, were utilized to prep re the potentiometri surf e m p ont ined in Figure 7-2 .
Su sequent d t olle ted from the HZ wells in 1996 verify the De em er 1995 d t nd do not
indi te su st nti l differen e in the potentiometri surf e presented in Figure 7-2 (see Figure
7-2 nd T le 7-1) . Further dis ussion of the HZ wells n e found under the su he ding
"Hydr uli Conditions" in this se tion .
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The d t presented in T le 7-1 indi te th t the w ter level in well HZ-95-1 rose pproxim tely
15 feet etween the De em er 1995 me surement nd the July 1996 me surement . Notes
provided in Appendix 7-11 indi te th t this well w s s mpled 8 d ys prior to the De em er 1995
w ter-level me surement. Prior to olle tion of the s mple, the well h d een pumped periodi lly
over period of pproxim tely 3 weeks in n ttempt to purge the well nd o t in represent tive
w ter s mple. E h time the well w s pumped, only 1 to 10 g llons of w ter ould e ev u ted
from the hole prior to the well going dry . The s mpler would then w it for period of few d ys,
pump the well dry g in ( fter only few g llons), nd repe t the y le. This inform tion indi tes
th t the well re h rges very slowly . Hen e, it is re son le to on lude th t the w ter-level in
De em er 1995 h d not fully st ilized prior to me surement. Thus, the July 1996 nd
su sequent d t re onsidered more represent tive of lo l onditions .

The d t for HZ-95-3 presented in T le 7-1 lso indi te 7-foot de re se in the w ter level in
th t well etween the July nd August 1996 me surements . This h nge in w ter levels
w s verified y the Septem er 1996 me surement, thus indi ting th t me surement error w s
pro ly not the sour e of the h nge . ntil ddition l d t re olle ted, the sour e of this
h nge nnot e determined.

As indi ted in Figures 7-2 nd 7-2 , the flow of groundw ter within the permit nd dj ent re s
is to the e st-southe st, essenti lly following the strike of the predomin nt fr ture system . The
pre-mining hydr uli gr dient, sed on the De em er 1995 d t presented in Figure 7-2, is 0 .014
ft/ft. The pre-mining hydr uli gr dient w s 0.019 ft/ft using the Septem er 1996 d t (Figure 7-
2 ) .

The potentiometri surf e ont ined in Figure 7-2 w s overl in on m p showing the elev tion
of the top of the Spring C nyon tongue of the St r Point S ndstone s developed y H nsen
(1988) . Sin e the Hi w th o l se m dire tly overlies the Spring C nyon tongue, omp rison
of the elev tion of the potentiometn surf e nd the elev tion of the top of the Spring C nyon
tongue would indi te the re s where the Hi w th o l se m m y e expe ted to e s tur ted
within the permit nd dj ent re s .

Figure 7-3 presents the results of the ove ev lu tion . This figure presents lines of s tur tion
sed . not only on the De em er 1995 w ter-level d t ut lso sed on n ssumed

m ximum w ter-level flu tu tion of +30 feet. This ssumed m ximum w ter-level flu tu tion w s
derived following review of w ter-level monitoring re ords from ne r y mining oper tions . The
longest period of w ter-level re ord in the region is t the Skyline Mine, lo ted pproxim tely 7
miles west of the Horizon No . 1 permit re , where w ter-level
d t h ve een olle ted from monitoring wells during the period of 1982 to the present . During
this period, the m ximum w ter-level flu tu tion h s een 58 feet ( s re orded t Skyline well 79-
35-1A). The ssumed w ter-level flu tu tion presented in Figure 7-3 tot ls 60 feet, there y
en omp ssing the m ximum flu tu tion me sured in the region .

D t presented previously in this se tion indi te th t hole LMC-4 (whi h w s drilled ne r the
proposed port l for the Horizon No . 1 Mine) w s dry when it w s drilled into the Hi w th
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o l se m . However, omp rison of Figure 7-3 nd Pl te 3-3 indi tes th t the Hi w th o l
se m n e expe ted to e s tur ted very soon into mining oper tions . Anti ip ted m ximum
flu tu tions in w ter levels will not signifi ntly influen e this on lusion .

A review of re ords on file with DOGM, s well s dis ussions with former Be ver Creek Co l
Comp ny mining personnel, indi te th t the Gordon Creek No. 2 Mine (oper ted y Be ver
Creek Co l Comp ny in the C stleg te A se m) immedi tely southwest of the proposed permit
re , w s dry mine with only spor di o urren es of groundw ter inflow th t dried up within

short time. The Gordon Creek No . 3 Mine (oper ted y Be ver Creek Co l Comp ny in the
Hi w th se m immedi tely e st nd downgr dient of the proposed permit re ) w s dry until
12-foot gr en w s en ountered in the northe st portion of the mine . This o urren e is
onsistent with the ove on lusion sin e the Hi w th o l se m is nti ip ted to e ome

in re singly s tur ted with dist n e to the north . Groundw ter from the gr en w s produ ed
from the floor of the mine t pe k r te of pproxim tely 400 g llons per minute . During retre t
mining, the s me f ulted zone w s dry, either s result of previous dew tering, or s result of
elev tion differen es. It is possi le th t groundw ter w s stored in the f ult zone, nd when the
f ult zone w s dew tered, there w s insuffi ient re h rge from overlying str t to m int in the
grouriuw ier dis h rge .

After remov l of the C stleg te "A" o l se m in mines dj ent to the permit re , w ter
o sion lly seeped into these str tigr phi lly-higher mines from the roof or, more r rely, from
the floor. Gener lly, minor mounts of w ter were en ountered when mining took pl e ene th

fluvi l s ndstone h nnel. The h nnels eh ve s per hed quifers th t re onfined y
sso i ted fl nking sh les. Su h ondition, enh n ed . y lo l fr turing, ppe rs to o ur t

the sh llow monitoring well ompleted y Horizon Co l Comp ny in the Bl kh wk Form tion (HZ-
95-1S) .

B sed on the w ter level me surements olle ted from the permit nd dj ent re s nd
inform tion g thered from mines in the region, it is on luded th t the Hi w th o l se m, s well
s the immedi tely underlying nd overlying str t , will e s tur ted in the Horizon No . 1 Mine

essenti lly from the eginning of mining oper tions . The r te of inflow of groundw ter while
mining in the Hi w th o l se m will depend prim rily on whether f ulted zone is en ountered
th t ont ins groundw ter in stor ge or th t is hydr uli lly onne ted with n overlying per hed
zone. B sed on the dry n ture of previous mine workings in the re , s well s o serv tions nd
me surements o t ined from the LMC nd HZ drill holes, the pro ility of signifi nt sust ined
inflows to the Horizon No. 1 Mine is onsidered minim l . This on lusion is in greement with
Cumul tive Hydrologi Imp t Assessments prep red forthe re y Engineering S ien e (1984)
nd DOGM (1989) . Addition l inform tion reg rding potenti l inflows to the Horizon No . 1 Mine

is presented in Se tion 7.3 of this do ument.
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Hydr uli Conditions

The hydr uli ondu tivity of the Spring C nyon Tongue of the St r Point S ndstone w s
estim ted y performing slug tests in monitoring wells HZ-95-1, HZ-95-1 S, HZ-95-2, nd HZ-95-3 .
A slug test is ondu ted y r pidly h nging the w ter level in well or orehole y me ns of the
inje tion or withdr w l of ody of known volume ( "slug") into or from the w ter olumn, nd
monitoring the r te of w ter level re overy to the st ti , pre-test level . hen the slug is r pidly
lowered into the w ter olumn, the w ter level rises ruptly . R pid withdr w l of the slug fter
the w ter level h s fully re overed uses the w ter level to drop ruptly . The slug used in this
investig tion onsisted of 6-foot length of 1-in h di meter 316-st inless steel rod tt hed to
st inless steel le .

It is re ognized th t the r dius of influen e of slug test is sm ller th n th t of long-term
pumping test. However, slug tests re onsidered dequ te when studies re not imed t
designing n exploit tion progr m of the quifer (Freeze nd Cherry, 1979) . E rthF x
Engineering h s found th t slug tests produ e simil r results to pumping tests if performed under
simil r field onditions .

Prior to perform n e of the slug test, n ele tri w ter level indi tor w s used to me sure the
st ti w ter level in e h ompleted monitoring well . The me surements were m de rel tive to
the top of the well sing . Together with the well ompletion inform tion, these d t were used
to determine the degree to whi h e h well penetr tes the Spring C nyon Tongue . An ver ge
s tur ted thi kness for the Spring C nyon Tongue of 75 feet w s ssumed sed on multiple
o serv tions in the re y H nsen (1988) .

A pressure tr nsdu er with m ximum oper ting pressure of 15 pounds per squ re in h w s
used 'to me sure w ter-level h nges during the slug tests. After pre-test w ter-level
me surements, the pressure tr nsdu er w s lowered into the w ter to depth th t w s elow the
lowest point to whi h the slug would e inje ted, ut within the depth r nge of the
tr nsdu er. The slug w s then r pidly lowered into the w ter olumn in the monitoring well . D t
derived from the tr nsdu er were re orded using model 21X Mi rologger m nuf tured y
C mp ell S ientifi . The d t logger w s progr mmed to re ord w ter-level h nges to within
0.001 foot t h lf-se ond interv ls .

D t re orded on the d t -stor ge module in the field were tr nsferred to diskette y me ns of
either model PC201 t pe nd seri l I/O rd nd sso i ted softw re or PC208 softw re
p k ge nd seri l le with d pter, oth developed y C mp ell S ientifi . These d t sets
re stored s omm -deline ted ASCII d t files. The ontents of e h d t file were

su sequently tr nsferred to n n lyti l progr m (AQTESOL TM), whi h llows r pid, gr phi l
represent tion nd log-line r regression n lysis of test d t .

The softw re AQTESOL TM (Duffield nd Rum ugh, 1989) w s used to ev lu te the slug test
d t . The method of Bouwer nd Ri e (1976), whi h determines hydr uli ondu tivity for wells
whi h p rti lly or fully penetr te un onfined quifers, is v il le in the AQTESOL TM softw re,
nd w s used to estim te the hydr uli ondu tivities of quifer tested for this study. This method
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is ppli le to oth un onfined nd onfined quifers, sin e oth types of quifers eh ve
simil rly during short-term tests (Neum nn, 1974) .

To ev lu te the slug-test d t , v lues of time nd tu l w ter-level displ ement due to inje tion
of the slug re displ yed on semi-log rithmi plot (i .e ., w ter-level displ ement is represented
on log rithmi y- xis nd time is represented on n rithmeti x- xis). The hydr uli ondu tivity
("K") is estim ted from the equ tions :

where :

nd

where :

-(11)

YO

	

initi l dr wdown or residu l dr wdown in well due to inst nt neous remov l
or inje tion of the slug from the well (ft)

yt

	

=

	

dr wdown in well t time t (ft)
L

	

=

	

length of well s reen (ft)
r

	

r dius of well sing (ft)
Re

	

=

	

equiv lent r dius over whi h he d loss o urs (ft)
r

	

r dius of well, in luding gr vel p k (ft)
H

	

=

	

st ti height of w ter in well (ft)
t

	

-

	

time (min)

C

	

=

	

dimensionless p r meter whi h is fun tion of rr

nd other p r meters re s previously defined .

A ording to Bouwer nd Ri e (1976), Equ tion (1) llows the hydr uli ondu tivity to e
l ul ted from the w ter-level h nge in the well . Be use the hydr uli ondu tivity, sing

r dius, well r dius, the r dius over whi h he d loss o urs, nd the s reen length re onst nts,
(1/t) In yo/yt must lso e onst nt. Thus, the time/dr wdown d t should pproxim te str ight
line if plotted in terms of In yo versus t. The qu ntity (1/t) In yo/yt in Equ tion (1) is o t ined from
the first str ight-line segment dr wn through the field d t .

The AQTESOL TM softw re progr m prompts the user to supply v lues of well sing r dius, drill
hole r dius, s tur ted quifer thi kness, well s reen length, nd st ti height of w ter in the well .
Time nd w ter-level d t re re d into the softw re progr m in the form of ASCII d t files, whi h
re down-lo ded from the d t logger.

On e the field d t nd onst nts re entered, the AQTESOL TM softw re gener tes semi-log
plots of the d t nd utom ti lly fits str ight line to the d t ording to user-defined
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weighting. If the entire r nge of field d t do not pproxim te str ight line, only those e rly d t
whi h form v lid str ight-line segment re weighted y the user su h th t the softw re produ es
the desired str ight line pproxim tion through the v lid p rt of the d t set.

The str ight-line fit produ ed y AQTESOL TM utom ti lly determines the v lue of yo (y-
inter ept) nd n r itr ry v lue of yt t time t to solve Equ tion (1) . B sed on user-defined v lues
of s reen length nd drill hole r dius, the softw re determines the v lue of C to ev lu te Re in
Equ tion (2) .

The AQTESOL TM softw re gener tes the str ight line pproxim tion y me ns of nonline r
weighted le st-squ res p r meter estim tion te hnique known s the G uss-Newton line riz tion
method (Duffield nd Rum ugh, 1989) . The estim tion te hnique minimizes the differen e
etween o served nd estim ted v lues through iter tive solution of the system of line rized

equ tions until onvergen e is hieved. To ensure the fit of the str ight line, the softw re prints
out the v lues of tu l w ter levels, l ul ted w ter levels, nd residu l v lues (the differen e
etween the tu l nd l ul ted w ter levels) derived y the p r meter estim tion te hnique .

A rrr4i+i^nn11%i +h t',fi tir•7 I irnh one of moon e+nnrlnrr4 rI ,i,finn onr4 %inrinnn ores r%rn%Ar4nr1 frnr l4 e,

weighted residu ls. These st tisti s indi te the goodness-of-fit of the str ight line gener ted y
the estim tion te hnique.

Slug test plots for the wells tested re presented in Appendix 7-8 . In luded with the
time/dr wdown plots re printouts of well onst nts used to estim te v lues of hydr uli
ondu tivity. St tisti l v lues of me n, st nd rd devi tion, nd v ri n e lso re provided for

the weighted residu ls. From the n lyses presented in Appendix 7-8, the following hydr uli
ondu tivities were determined for the tested monitoring wells :

Hydr uli Condu tivity
ell

	

(ft/d y)

HZ-95-1 16 .1
HZ-95-1 S 20 .7
HZ-95-2 0.25
HZ-95-3

	

0.20

The ver ge hydr uli ondu tivity of the Spring C nyon Tongue t wells HZ-95-2 nd HZ-95-3
is 0.23 ft/d y, while the hydr uli ondu tivity t HZ-95-1 nd HZ-95-1 S is 18 .4 ft/d y (ne rly two
orders of m gnitude higher) . Conditions t HZ-95-1 nd HZ-95-1S re pp rently ffe ted y
lo l fr turing, s suggested not only y the differen e in hydr uli ondu tivity ut lso the
presen e of northwest-trending f ult dj ent to HZ-95-1 s indi ted on Pl te 6-1 . Although
no fr turing w s noted y H nsen (1988) long the lignment of Be ver Creek ne r HZ-95-1,
short northe st-trending fr ture just north of HZ-95-1 m y h ve lso lo lly enh n ed fr turing
of the edro k en ountered y the monitoring well (see Pl te 6-1). The l k of noted fr turing
long the lignment of Be ver Creek, together with the ontinuity of the potentiometri surf e

presented in Figure 7-2, indi tes th t the in re sed hydr uli ondu tivity t HZ-95-1 should not
e interpreted s eing represent tive of sep r te groundw ter system . R ther, lo lized

7-20



Ch pter 7, Hydrology
Hidden Splendor Resour es, In .

	

M y 2004

fr turing ppe rs to h ve enh n ed the lo l hydr uli ondu tivity, without signifi ntly ffe ting
the dire tion of groundw ter flow .

It is of note th t the Horizon monitoring wells re ompleted in the Spring C nyon Tongue (i.e .,
the quifer immedi tely elow the o l se m), r ther th n in the Bl kh wk Form tion wherein
the o l o urs. Be use the Bl kh wk Form tion onsists of inter edded s ndstone, siltstone,
sh le, nd o l, the hydr uli ondu tivity of this form tion is gener lly onsidered to e lower
th n th t of the Spring C nyon Tongue. For the purpose of this ssessment nd in keeping with
the onvention of Lines (1985), the hydr uli ondu tivity of the unfr tured Bl kh wk Form tion
is estim ted to e one-h lf th t of the Spring C nyon Tongue (i .e . 0.11 ft/d y) . here fr tured,
the hydr uli ondu tivity of the Spring C nyon Tongue nd the Bl kh wk Form tion re
estim ted to e 18.4 nd 9.2 ft/d y, respe tively, sed on d t olle ted from HZ-95-1 nd HZ-
95-1S .

Re h rge

Snowmelt nd r in re the m in sour es of re h rge to the groundw ter system in the permit nd
dj ent re s. Norm l nnu l pre ipit tion in the re is pproxim tely 20 in hes per ye r

( ddell et l., 1981). Approxim tely 65 per ent of this pre ipit tion norm lly f lls during the
months of O to er through April ( ddell et l ., 1981), mostly s snowf ll .

Groundw ter re h rge prim rily o urs where perme le lithologies re exposed t the surf e .
erti l migr tion of groundw ter o urs through perme le ro k units nd/or long zones of

f ulting nd fr turing. L ter l migr tion initi tes when groundw ter en ounters imperme le
ro ks nd ontinues until either the l nd surf e is interse ted ( nd spring dis h rge o urs) or
other perme le lithologies or zones re en ountered th t llow further verti l flow ( DOGM,
1989) . This ondition re tes the per hed quifers in the Pri e River nd Bl kh wk Form tions
dis ussed previously .

I n re s th t re pped y the Pri e River Form tion nd the Bl kh wk Form tion (su h s
o urs within the proposed permit nd dj ent re s), D nielson et l . (1981) indi ted th t
steep slopes promote r pid snowmelt runoff nd redu e re h rge to the groundw ter system ."
This ondition is intensified y the rel tively low perme ility of the Pri e River nd Bl kh wk
Form tions. The limited mount of re h rge in the re is refle ted y the sm ll num er of
springs s well s the dry onditions en ountered y previous mine workings in the permit nd
dj ent re s nd the LMC drill holes .

Figure 7-4 is m p of potenti l re h rge re s in the mine vi inity . Are s identified s "very
limited re h rge potenti l" re underl in y the Bl kh wk Form tion (limited y its steep
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figure 7-4
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slope nd its sh le ontent). Are s identified s "limited re h rge potenti l" re underl in y the
Pri e River Form tion, C stleg te S ndstone, the St r Point S ndstone, nd thin lluvium (limited
either y their steep slope, their sh le ontent, or their limited thi kness) . Are s identified s
"moder te re h rge potenti l" re underl in y the North Horn Form tion (moder tely perme le
str it on moder te slopes). Note th t, with the ex eption of the extreme northern portion of the
permit re nd the nyon ottom downstre m from the proposed surf e f ilities, ll of the
permit nd dj ent re s re in zone of very limited re h rge potenti l .

Groundw ter o urren e nd v il ility m y lso e ontrolled y f ults nd fr tures . The
ontrol of f ulting on the dire tion of groundw ter flow n e seen y omp ring the

potentiometri surf e m p on Figure 7-2 with the geologi stru ture d t provided on Pl te 6-1 .
However, due to the low perme ility of the form tions surrounding the Hi w th o l se m, nd
the pl n to void mining into f ulted zones, inflow to the mining oper tions from f ulted zones is
proje ted to e minim l (see Se tion 7.3 of this do ument) .

Springs CC-1, CC-5, CC-6, SP-1, SP-4, SP-9, C -1, C -2, C -3, C -8, G -25, nd G -70 (see
Pl te 7-1) ppe r to e f ult rel ted . To ssess the extent of the influen e of f ulting on the
hvrirnnPnlnriir gvstPm nd Pvniti to the potenti l for re h rge of o l zones y seep ge from the
surf e through fr tures, seep ge ev lu tion w s ondu ted long Be ver Creek on
Septem er 11, 1996 . This ev lu tion w s ondu ted y me suring the flow of Be ver Creek nd
its inflow points t the lo tions indi ted on Figure 7-4 . All me surements were olle ted using
port le utthro t flumes whi h were inst lled in ord n e with epted pro edures
(Skoger oe et l., 1973) .

Results of flow me surements olle ted during the Be ver Creek seep ge ev lu tion re
presented in T le 7-1 . These d t re summ rized in T le 7-1 nd Figure 7-4 . In
ev lu ting the seep ge d t , it should e noted th t Re hes 2 nd 3 ont in sever l ndoned
e ver ponds. An norm l qu ntity of lluvium h s deposited ehind the ndoned e ver

d ms, re ting ro d re s ross whi h the stre m flows. Although the d t indi te th t net
g in o urs through these re hes, it is likely th t some stre mflow is lost into the lluvi l deposits
s the stre m r ids nd the ottom gr dient e omes less steep .

The d t indi te net g in of stre mflow in Re h 4 of 38.0 gpm . Although this re h rosses
the prim ry f ult whi h will serve s the southwest ound ry of the proposed mine workings, it is
dou tful th t this g in results from inflow long the f ult. R ther, e use the lluvium in the

nyon ottom n rrows signifi ntly in Re h 4, the g in is likely the result of stre mflow eing
me sured whi h w s lost into the lluvi l deposits ehind the upstre m ndoned e ver d ms .

Re h 5 rosses the fr ture zone whi h w s en ountered y wells HZ-95-1 nd HZ-95-1 S. The
loss in this zone w s me sured t 6.8 gpm . The loss in Re h 6, whi h rosses the northe st
ound ry f ult, w s 6.6 gpm. Although these losses o ur in re s where fr tures h ve een
m pped, it is unlikely th t signifi nt qu ntity of this w ter is flowing from the
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TABLE 7-1

RES LTS OF BEA ER CREEK SEEPAGE E AL ATION

All me surements olle ted on Septem er 11, 1996 using port le utthro t flume .

Estim te sed on visu l o serv tion

St tion Des ription
Thro t

idth (e)
(in)

Flow
Depth

(ft)

Flow R te

( fs) (gpm)

HZ-1 Be ver Creek 1 0 .20 0.02 9 .0

HZ-2 nn med tri ut ry 1 0 .17 0.01 6.5

HZ-3 Be ver Creek 1 0 .44 0 .10 43.4

HZ-4 nn med spring 1 0.39 0 .08 34.1

HZ-5 nn med spring 1 -- -- 1 ( )

HZ-6 SP-9 tri ut ry 0.41 0.08 37 .7

HZ-7 Be ver Cr . t SS-7 1 0.61 0.19 83.5

HZ-8 Be ver Cr . - south split 1 0 .16 0 .01 5.7

HZ-9 Be ver Cr . - north split 4 0.30 0 .19 84.0

HZ-10 Be ver Cr . y LMC-1 0.37 0 .28 127.7

HZ-1 1 Be ver Cr . y HZ-95-1 4 0.36 0.27 120 .9

HZ-12 Be ver Cr . t SS-8 4 0 .35 0.25 114 .3

HZ-13 Be ver Cr . t ro d
rossing

4 0 .29 0.17 78.5
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i See Figure 7- 4

TABLE 7-1

S MMARY OF BEA ER CREEK GAIN/LOSS MEAS REMENTS

Re h

No .'''

pstre m

St tion(s)

pstre m

Flow (gpm)

Downstre m

St tion

Downstre m

Flow (gpm)

G in/Loss

(gpm)

Dist n e

(ft)

i pit G in/Loss

(tipm/100 ft) Rem rks

1 HZ-1, HZ-2,

HZ-4, HZ-5

50.6 HZ-3 43 .4 -7 .2 2300 -0.3

2 HZ-3, HZ-6 81 .1 HZ-7 83 .5 +2.4 2850 +0.1 Approx . 1 .5 gpm est. inflow o served on

surf e

3 HZ-7 83.5 HZ-8, HZ-9 89.7 +6.2 1850 +0.3 Downstre m from extensive re of

ndoned e ver ponds. Bro d re of

lluvium .

4 HZ-8, HZ-9 89 .7 HZ-10 127.7 +38 .0 2300 +11 .7 C nyon ottom n rrows signifi ntly. Limited
lluvium .

5 HZ-10 127.7 HZ-11 120.9 -6 .8 2100 -0.3 p- nd downstre m from HZ-95-1 fr ture

re .

6 HZ-11 120.9 HZ-12 114.3 -6.6 1750 -0 .4 Approx. 0.5 gpm est. inflow o served on

surf e

7 HZ-12 114.3 HZ-13 78.5 -35 .8 1650 -2.2 Colluvium from C stleg te S ndstone more

prev lent .
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surf e into the fr tures. The he d differen e in the flumes t the st tions m rking the up- nd
downstre m ends of Re hes 5 nd 6 w s only 0 .01 foot (see T le 7-1 ) . These insignifi nt
de re ses in he d ould e sily h ve resulted from me surement error s opposed to tu l
stre mflow losses. Hen e, losses into the fr tures in these re hes re onsidered insignifi nt .

The loss in Re h 7 w s me sured t 35.8 gpm . The C stleg te S ndstone out rops in the
stre m ottom short dist n e downstre m from this re h. Alluvium in the stre m ottom within
Re h 7 ppe rs to h ve een influen ed y erosion of the ne r y C stleg te S ndstone .
Hen e, it is likely th t the loss in Re h 7 is result of seep ge into the o rser lluvium th t
typifies th t re h .

pstre m from Re h 7 (where str tigr phi h nges h ve likely ffe ted the h r teristi s of
the lluvium), the net seep ge within the Be ver Creek system is g in of 26.0 gpm . Together
with the insignifi nt h nges in stre mflow noted in Re h 5 (where the sh llow nd deeper
edro k is known to e fr tured s demonstr ted y d t olle ted from monitoring wells HZ-95-1
nd HZ-95-1 S), these d t indi te th t Be ver Creek is not hydr uli lly onne ted to edro k
quifers th t underlie the reek .

7.1 .3 ter Qu lity

Groundw ter from the pper Cret eous sediments in the s t h Pl te u is h r terized y
tot l dissolved solids (TDS) ontents of less th n 1,000 milligr ms per liter (mg/1) ( ddell et l .,
1981). The following r nge of TDS on entr tions h ve een me sured in springs, wells, nd
mines issuing from or ompleted in form tions found in the permit nd dj ent re s, s reported
for the s t h Pl te u nd the Book Cliffs re s y ddell et l. (1981) :

Groundw ter qu lity d t h ve een olle ted from the permit nd dj ent re s sin e 1989
when s mple sites were essi le . Prior to 1996, these d t were gener lly olle ted in

ord n e with DOGM guidelines pu lished in 1986 . Beginning in 1996, d t h ve een
olle ted, where fe si le, in ord n e with DOGM guidelines pu lished in April 1995. The

d t olle ted from the monitored sites, together with t les outlining the p r meters whi h h ve
een monitored, re presented in Appendix 7-2 .

D t ont ined in Appendix 7-2 indi te th t the TDS on entr tion of w ter issuing from spring
SP-1 h s typi lly v ried from out 230 to 330 mg/I . At SP-2, these on entr tions h ve
gener lly v ried from out 480 to 540 mg/I. The TDS on entr tions of w ter issuing from SP-4
h s typi lly v ried from pproxim tely 350 to 480 mg/I . The pH of w ter issuing from these
spring is gener lly slightly lk line (typi l pH r nge of 7 .5 to 8.5) . E h of these springs issue
from the Bl kh wk Form tion .
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Results of hemi l n lyses of w ter olle ted from springs SP-1, 2, nd 4 indi te th t the
groundw ter in the re is l ium i r on te type s illustr ted in the Stiff di gr ms in luded
Appendix 7-2. Con entr tions of the m jor tions nd nions s well s TDS on entr tions in
the w ter dis h rged from these springs ppe rs to h ve shown gener l neg tive orrel tion
with flow r te (i .e ., lower on entr tions t higher flows) sin e monitoring eg n in 1989 .

D t olle ted y others from SP-9 (Jewkes Spring - see Appendix 7-2) indi te th t w ter issuing
from this spring typi lly h s TDS on entr tions whi h v ries from 240 to 300 mg/I . As with the
other springs monitored in the permit re whi h issue from the Bl kh wk Form tion, this w ter
is l ium i r on te type. Con entr tions of TDS nd m jor ions tend to v ry inversely with
flow r te. Simil r to other springs in the permit re issuing from the Bl kh wk Form tion, the
pH of w ter issuing from SP-9 is gener lly slightly lk line (typi l pH r nge of 7 .5 to 8 .5)

Two s mples (one in M y 1992 nd one in Novem er 1995) h ve een olle ted of w ter
st nding on the floor of the old Blue Bl ze No. 1 Mine pproxim tely 440 feet into the old mine
workings. Results of hemi l n lyses of these w ter s mples re provided in Appendix 7-2 .
The tot l dissolved solids on entr tions of these s mples r nged from 414 to 452 mg/I (i .e .,
within the r nge noted for springs issuing from the Bl kh wk Form tion in the permit nd
dj ent re s). Simil r to springs in the re , this w ter is l ium i r on te type . The pH

of this w ter h s v ried from 6.80 to 7.66 .

Also in luded in Appendix 7-2 re the results of n lyses of w ter-qu lity s mples olle ted from
monitoring wells HZ-95-1, HZ-95-2, nd HZ-95-3 in De em er 1995, Novem er 1995, nd J nu ry
1996, respe tively. Although these s mples m y still h ve een somewh t ffe ted y the fo m
drilling fluid used during inst ll tion of the holes, the d t indi te th t the TDS on entr tion of
w ter en ountered in the monitoring wells r nges from 380 to 680 mg/I . ter qu lity d t from
the LMC wells h ve not een olle ted sin e these holes h ve een dry during the period of
monitoring .

During the monitoring of wells HZ-95-2 nd HZ-95-3 in Septem er through De em er of 1996, HZ-
95-2 flu tu ted 0.3 feet nd HZ-95-3 r ised from 7513.8 to 7522.0 feet . HZ-95-1 nd HZ-95-1 S
were monitored in Septem er, O to er, Novem er of 1996 nd J nu ry of 1997 . HZ-95-1s w ter
level dropped 7 feet etween Septem er nd Novem er nd rose pproxim tely 5 feet etween
Novem er 1996 nd J nu ry 1997. HZ-95-1 S rem ined onst nt Septem er through Novem er,
ut dropped 0.5 feet etween Novem er nd J nu ry. These re dings re more losely rel ted

to the se son l flu tu tion th n the me surement t ken dire tly fter the ompletion of the wells .

7.1 .4 ter Riqhts

The use of w ter in the Gordon Creek re is lmost ex lusively for sto k w tering . No
groundw ter rights h ve een filed y Horizon ; however, w ter is le sed (see Appendix 3-5) . This
le se involves w ter right 91-330 (underground w ter from the former Sweet Co l Mine) s well
s w ter rights 91-94 nd 91-353 ( overing different time periods from the s me
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unn med spring) . A h nge-in-point-of-diversion ppli tion h s een filed with the Division of
ter Rights for use of this w ter within the permit re (see Appendix 3-5). A right for the

ev por tive loss of w ter from Sweet's Pond (91-4956) h s lso een ssigned to Horizon Co l
y greement (see Appendix 3-5). The ppli tions for h nge-in-point-of-diversion were
pproved on Novem er 20, 1996 y Ro ert L. Morg n, P. E ., t h St te Engineer for w ter rights

91-330, 91-94 nd 91-353 . Horizon will inform DOGM if the h nge in point of diversion is ltered
in the future .

It should e noted th t the h nge-in-point-of-diversion whi h h s een filed on w ter right
91-330 would permit use of the w ter where it is en ountered within the proposed Horizon- No . 1
Mine workings . This w ter will not e diverted from the former Sweet Co l Mine workings into the
Horizon No. 1 Mine .

Lo tions of w ter rights within the permit nd surrounding re s re shown on Pl te 7-3 . D t
ont ined in Appendix 3-5 indi te th t w ter rights h ve een filed on limited num er of springs

in the permit nd dj ent re s. Leg l r tes of us ge of spring w ter re ll less th n 0.25 fs .

No w ter rights exist within the permit nd dj ent re s for w ter wells . However, rights exist
for the use of w ter from sever l springs in the permit nd dj ent re s . Typi lly, these rights
re for the use of less th n 5 g llons per minute of w ter from springs issuing from the Bl kh wk

Form tion. As noted ove, this form tion is not onsidered to e n extensive quifer within the
permit nd dj ent re s . ter in this form tion issues from per hed quifers of limited re l
extent. This ounts for the low flow nd us ge r tes of the springs .

One right exists within the dj ent re for the use of w ter en ountered in underground o l
mining oper tions (File No . 91-330 in the n me of Floren e A. Sweet) . Horizon h s le sed this
w ter right from Floren e A. Sweet nd requested h nge of diversion to w ter nti ip ted within
the Horizon No. 1 Mine .

7.1 .5 Groundw ter Monitoring Pl n

Monitoring points SP-1, 2, nd 4, s shown on Pl te 7-1, h ve een monitored for seline
inform tion sin e 1989 . SP-9 (Jewkes Spring) w s monitored y the .S . Geologi l Survey
during the period of 1979 through 1983 nd y Be ver Creek Co l Comp ny from 1985 through
1995 .

Groundw ter monitoring during oper tion of the mine will e ondu ted in ord n e with
DOGM regul tion R645-301-723 nd will onsist of the following : olle tion of flow nd w ter-

qu lity d t from springs SP-1, 2, 4, 9, 2-6- (Homeste d Spring) nd G -70 ; olle tion of flow
nd w ter-qu lity d t from sust ined inflows to the mine nd mine w ter dis h rge qu ntities

(tempor ry or perm nent) ; nd olle tion of w ter-level d t from the HZ monitoring wells .
Tempor ry mine dis h rge qu ntities will e reported monthly nd su mitted to DOGM with
qu rterly monitoring d t . Reports will ont in the period of pumping (i .e . 6:15 .m . to 7:30 p .m .)
nd the d ily flow r te, until ontinuous flow
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E h of the springs to e monitored issue from portions of the Bl kh wk Form tion whi h re
str tigr phi lly higher th n the Hi w th o l se m. Therefore, d t olle ted from the springs
will llow qu ntifi tion of potenti l imp ts to per hed quifers within the permit nd dj ent
re s of oth the initi l permit term nd future permit terms . Spring SP-2 is within pproxim tely

400 feet of the initi l pl nned workings nd in n re whi h overlies future workings (see Pl te
3-3) . Springs SP-1, SP-4, nd G -70 re in n re whi h lies within 200 to 700 feet of proposed
future workings . These dist n es re ll within the zone of potenti l su siden e s defined in
Se tion 3.4.8.5. Hen e, d t olle ted from these springs will ssist in determining the imp ts
of su siden e on the groundw ter resour es of the Bl kh wk Form tion .

Springs SP-9 nd 2-6- lie pproxim tely 1800 feet nd 4900 feet southwest of the proposed
future mine workings . As result, they re in re s whi h will not likely e imp ted y
.su siden e effe ts (see Se tion 3.4.8 .5) . Hen e, these springs will e monitored to provide

kground d t on groundw ter onditions within the Bl kh wk Form tion in re s th t will not
likely e imp ted y mining .

During the oper tion l nd re l m tion ph ses of the mine, the ove-noted springs will e
monitored on e e h lend r qu rter when the springs re essi le. The d t to e olle ted
from these springs re listed in T le 7-2 . Monitoring d t will e reported to the Division on
qu rterly sis .

S mpling of springs CC-5 nd MC-4 will egin in 1997 nd ontinue through 1999 . If requested
y DOGM the s mpling m y ontinue eyond 1999. CC-5 nd MC-4 will e s mpled qu rterly
nd n lyzed for l ium, m gnesium, sodium, pot ssium, r on te, TDS, sulf te, nd hloride .

Flow, pH nd ondu tivity d t will lso e olle t for springs CC-5 nd MC-4. The d t from the
n lyses will e in luded in Appendix 7-2 .

D t olleted-from mine inflows will llow imp ts to e qu ntified to ll hydrologi resour es th t
re ffe ted mine dew tering. Ch nges in the qu ntity nd qu lity of mine inflows will e

ev lu ted with the ddition l groundw ter d t to ssess the over ll hydrologi imp ts of the
mining oper tion .

D t olle ted from the HZ wells will llow qu ntifi tion of potenti l imp ts to the region l
groundw ter system . Spe ifi lly, d t olle ted from wells HZ-95-1 nd HZ-95-1 S will ssist in
ev lu ting the imp ts of mine dew tering on the qu ntity of groundw ter in the Bl kh wk
Form tion nd the underlying Spring C nyon tongue . This will e p rti ul rly helpful in estim ting
potenti l future imp ts s the mining oper tion exp nds to the northwest ene th Be ver Creek .

D t olle ted from HZ-95-2 will llow qu ntifi tion of imp ts to groundw ter in the Spring
C nyon tongue outside of the ssumed dj ent re . Furthermore, if imp ts re noted to w ter
levels t the lo tion of HZ-95-2, these d t m y provide inform tion reg rding the extent of the
hydr uli onne tion ross the northe st ound ry f ult . Fin lly, sin e HZ-95-3 is lo ted ne r
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Represent tive points of inflow will then e sele ted sed on the sour e or the re l zone, nd
s mples will e olle ted from those represent tive points for n lyses in ord n e with T le
7-2 . The s mpling will ontinue on e e h qu rter s long s the inflow point rem ins essi le
during mining oper tions or until the flow diminishes . D t will e olle ted s lose to the point
of issu n e s possi le to prevent ont min tion y mining oper tions .

S mpling inform tion for in-mine w ter flow w s olle ted t the lo tions noted on Pl te A,
Appendix 7-2, Att hment A nd Pl te 7-1 . The n lyzes sso i ted with the s mples re
in luded in Appendix 7-2, Att hment A. Addition l s mpling for TSS w s requested y t h
Division of ter Qu lity, these n lyzes re lso in luded in Att hment A .

The in-mine w ter pumped nd dis h rged to the surf e w s me sured d ily when personnel
CI C l l1 IC 111111C k-/-%N f.JCI I IX 1-4, rlu l(.A If er li A, Horizon in-iviine 'vv ier Log, i o - i

	

utner
d ys, su h s weekends nd holid ys the flow w s estim ted . The flow w s me sured s the
w ter exited through pipe or weir nd olle ted in u ket .

The Horizon In-Mine ter Log, 1998 - 1999 shows: the flow.in.. llons .er.minute .. . ..Em . .t oxesin the h rt signify no dis h rge of in-mine w ter.

Dis h rge w ter from the mine will e tre ted in underground sumps, to meet effluent limit tions .
Dis h rged w ter will e monitored s des ri ed ove nd in ord n e with the dis h rge
permit issued y the Division of ter Qu lity (Appendix 3-6) .

hile s mpling the HZ wells immedi tely fter drilling, e h well w s pumped for period of 2 to
4 weeks, during whi h time the wells were repe tedly pumped dry nd llowed to re over. The
s mples were olle ted t the end of the ove periods . Given the f t th t the wells still
ppe red to e influen ed y fo m drilling fluids when s mpled ( sed on pH, dis olor tion, et )
nd the f t th t s mpling required n extended period of time due to the low yield of the wells,

future s mpling of the wells for w ter-qu lity n lyses is not proposed . R ther, d t olle ted
from the wells in the future will onsist solely of w ter-level inform tion . Springs nd mine-w ter
inflows will e used to monitor h nges in w ter qu lity within the permit nd dj ent re s .

ter-level d t will e olle ted during the oper tion l nd re l m tion ph ses from the HZ wells
on e e h qu rter when essi le. All w ter-level me surements willl. e.,oorre ted. .to.;de th;from.. . . . . . . . . . . . . . . . . . . . . . .to of:2" : sin . .to . . .ermit. orrel tion. .with revious me surements .

D t olle ted from the springs to e monitored (SP-1, SP-2, SP-4, SP-9,2-6- , nd G -70) will
provide inform tion on the potenti l imp ts of mining tivities on lo lized quifers . Simil r
inform tion will e o t ined y monitoring sust ined inflows to the mine workings . D t o t ined
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from the HZ monitoring wells will ssist in ev lu ting potenti l losses of groundw ter from the
Bl kh wk/St r Point quifer system .
t le 7-2
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On e every five ye rs, during the low-flow se son of the ye r (i .e ., l te summer or e rly utumn),
e h monitored spring nd mine-inflow point will e s mpled for seline p r meters . This list of
p r meters is the s me s th t provided in T le 7-2 plus the following :

A idity
Aluminum (dissolved)
Arseni (dissolved)
Boron (dissolved)
C dmium (dissolved)
Copper (dissolved)
Le d (dissolved)

By the end of e h month following e h lend r qu rter (i .e., April 30, August 31, O to er 31,
nd J nu ry 31), report will e su mitted to the Division summ rizing monitoring tivities during

the previous qu rter. Annu l reports summ rizing monitoring tivity will lso e su mitted to the
DOGM . Qu rterly reports will in lude field me surements, o serv tions, nd n lyti l results

re eived during the previous qu rter. Annu l reports will in lude field me surements,
o serv tions, nd n lyti l results-re eived.during .:the :entire.:,ye r. If ny d t indi te non-
ompli n e with

	

onditionspermit

	

H1d.~

	

~~onr .~es

	

will promptly notify the Division
nd t ke ppropri te tions s provided for in R645-300-145 nd R645-301-731 .

7 .1 .6 Mitig tion nd Control Pl n

As noted in Se tion 7.3 of this permit ppli tion, Horizon does not foresee ny signifi nt imp ts
to groundw ter s result of mining in the permit re . Inflows to the mine re nti ip ted to e
sm ll. A more omplete dis ussion of potenti l groundw ter imp ts nd mitig tion me sures is
provided in Se tions 7 .3 nd 3.4.8.2 . Should perenni l or intermittent w ter resour e e
imp ted y mining tivities, oth DOGM nd ter Rights will e ont ted . Approv l for
site-spe ifi mitig tion pl n will e re eived from DOGM nd ter Rights prior to
implement tion of the pl n .

7.2 Surf e ter Hydrology

S ope

Surf e w ter hydrology inform tion h s een ssem led to s tisfy regul tions set forth y
DOGM for the Horizon No . 1 Mine. A des ription of the seline inform tion for the existing

resour es, s well s dis ussion of the runoff ontrol pl ns for oper tions nd re l m tion, re
provided elow .

For the purpose of l rifi tion, the following reek nd dr in ge n mes will e used in this permit
ppli tion . The onfusion w s prompted y the previous ppli nt's use of n mes f mili r to the

populous of the re nd not the n mes of w terw ys used y the SGS on their 7.5 minute
Qu ds. The new n mes will e used on ll pl tes in the urrent su mitt l .

Moly denum (dissolved)
Ammoni
Nitr te
Nitrite

Phosph te (ortho)
Selenium (dissolved)
Zin (dissolved)

M y 2004 .
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7 .2.1 Methodology

The seline hydrologi study w s sed on review of liter ture nd v il le d t o t ined from
the .S. Geologi l Survey, the .S. Forest Servi e, the St te of t h, Be ver Creek Co l
Comp ny, Blue Bl ze Co l Comp ny, nd mine permit ppli tions for the surrounding mines .
A field re onn iss n e w s performed to onfirm the lo tion nd h r teristi s of surf e w ter
ourses . springs . nd seeps .

7.2.2 Existinq Surf e ter Resour es

7.2.2 .1 Reqion l Surf e ter Hydrology

Most of the region l re is dr ined y tri ut ries to the Green nd Color do Rivers. The prin ip l
tri ut ries in the region re the Pri e nd S n R f el Rivers nd Muddy Creek. The Green River
flows throunh the e stern edge of thin Centr l I It h region .1 M 1 •1

	

1

	

M 1 I I ~/ 1 I M M 1

The .S. Geologi l Survey ompleted report entitled "Hydrologi Re onn iss n e of the
s t h Pl te u - Book Cliffs Co l Field Are , t h" whi h onsiders the development of o l

resour es in entr l t h ( ddell et l ., 1981). The Horizon No. 1 Mine lies within the study re
ne r the he dw ters of tri ut ries to the Pri e River .

Approxim tely ou to 70 per ent of the stre m flow in the region o urs during the M y-July
snowmelt runoff period ( ddell et l., 1981). Summer pre ipit tion usu lly results in minor
mounts of runoff. Intense onve tive r inf ll during the summer period m y use short dur tion,

high intensity runoff in lo lized re s .

ter qu lity in the Pri e River nd its tri ut ries n e l ssified s good t the higher
elev tions, with TDS on entr tions of 250 mg/1 nd elow. As is the se with springs in the
re , these surf e w ters tend to e l ium i r on te type. At lower elev tions elow

diversions, the w ter h nges to sodium sulf te type with dissolved solids r nging from 2,500
to more th n 6,000 mg/1 ( ddell et l., 1981). These h nges re used y le hing of s lts
from irrig tion return flows nd n tur l runoff from re s underl in y M n os Sh le .

M y 2004,

PRE IO S NAME NE NAME

Gordon Creek North Fork Gordon Creek

North Fork Gordon Creek Jewkes Creek

Right Fork North Fork Gordon Creek Port l C nyon Creek

Right Middle Fork North Fork Gordon Creek Spring Two C nyon Creek
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7.2.2 .2 Mine Pl n Are Surf e ter Hvdroloqv

Stre m Flow

The three prin ip l surf e w ter ourses found within nd dj ent to the mine permit re re
Be ver Creek to the north of the permit re , Jewkes Creek through the enter of the property,
nd North Fork Gordon Creek to the south of the property (Pl te 7-2) .

Be ver Creek is perenni l stre m th t flows immedi tely north of the permit re . Perenni l flow
is m int ined y sm ll seeps nd springs . One of the ontri uting springs, the Homeste d Spring
(l eled s 2-6- on Pl te 7-1), is n re of seeps lo ted in sm ll tri ut ry to Be ver Creek
in the S % NE% Se . 13, T. 13 S., R. 7 E. ( pproxim tely 1 .5 miles west of the permit re ) .
P st me surements olle ted y Be ver Creek Co l Comp ny personnel h ve indi ted th t this
spring dis h rges from 3 to 136 g llons per minute, with the higher flow r tes in June in luding
surf e runoff from snowmelt onditions .
I A-

`'I-

:

'-- ' ove in Se tion 7 .1 .2 .2 s monitoring st tion SP-9) is lo ted ne r the
Be ver Creekstre m h nnel in the S % S 1% Se . 7, T. 13 S ., R. 8 E ., pproxim tely 1 mile
west of the permit re (see Pl te 7-1) . ith the ex eption of spurious me surement in July
1985 (see Se tion 7 .1 .2.2), dis h rges from this spring h ve gener lly v ried during the period
of re ord from out 1 to 40 gpm, with no o serv le flow during drought periods .

The gener l flow dire tion of Be ver Creek is to the northe st tow rd the Pri e River. The
dr in ge p ttern in the upper portions of the Be ver Creek sin ne r the permit re is dendriti .
This dr in ge p ttern is det iled on Pl te 7-2. The v lley profile is not s steep s the North Fork
of Gordon Creek.

The SGS formerly m int ined g uging st tion ne r the mouth of Be ver Creek (St tion No .
09312700) pproxim tely 9 miles northe st of the permit re . During the 29-ye r period of
re ord from O to er 1960 to O to er 1989, the minimum nnu l dis h rge of 254 re-feet
o urred during w ter ye r 1981 . The m ximum nnu l dis h rge of 9,950 re-feet o urred
two ye rs l ter in w ter ye r 1983 (Appendix 7-7) . The ver ge nnu l dis h rge of Be ver
Creek t the SGS monitoring st tion during the 29-ye r period of re ord h s een 3,310 re-
feet .

The nnu l v ri ility of flow in Be ver Creek n e seen y the f t th t the nnu l m ximum
nd the nnu l minimum during 29-ye r period of re ord were sep r ted y only two ye rs .

This v ri ility is lso evident in the high oeffi ient of v ri tion for the st tion (74 per ent) .

Stre m flow t the Be ver Creek SGS st tion w s typi lly highest in the spring nd e rly
summer (April through June, s result of snow melt) nd lowest during the utumn nd winter
months . O sion l l te summer r pid in re ses in flow were lso o served, pro ly s result
of summer thunderstorms. Sever l d ys of no flow were lso reported during the period of re ord
(mostly in the winter nd l te summer) .
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Jewkes Creek, n intermittent stre m, dr ins sm ll sin with dr in ge re slightly gre ter
th n 1 squ re mile. This w tershed dr ins mu h of the permit re . Jewkes Creek empties into
North Fork of Gordon Creek in the SEY4 S ' Se . 17, T . 13 S ., R . 8 E. The h nnel gr dient of
Jewkes Creek is rel tively uniform ross the o l le se property . The nyon sides re steep
nd ro ky. The h r teristi s of the h nnel nd v lley re indi tive of stre m in youthful

st ge of development .

The flow d t presented in Appendix 7-3 indi te th t Jewkes Creek o sion lly e ses flowing
t st tion SS-3 even though it ontinues to flow ( l eit t low r tes) t the upstre m st tion (SS-5) .

Although no o serv tions h ve een m de in the field reg rding the re-emergen e of this w ter,
it likely ontinues to ontri ute to the seflow of North Fork of Gordon Creek, given the f t th t
the M n os Sh le out rops short dist n e downstre m from the permit re , whi h out rop
should for e seflow in the lluvium to the surf e .

A sm ll dr in ge dis h rges into Jewkes Creek from the northe st in SE% S '/ Se . 17, T. 13
S ., R. 8 E . In this report this dr in ge is referred to s Port l C nyon Creek (Pl te 7-2) . This

nyon will ont in the mine f ilities nd surf e oper tions .

North Fork Gordon Creek flows long County Ro d 290 southe st of the permit re . The
elev tion of the reek is lower th n the Hi w th o l se m, the lowest min le se m in the re .
Proposed mining oper tions will o ur north of the reek nd should not signifi ntly ffe t the
qu ntity or qu lity of the flow in North Fork Gordon Creek (see Se tion 7.3 of this permit
ppli tion) .

Stre m lo tions from whi h s mples h ve een olle ted within the permit nd dj ent re s
re noted on Pl te 7-1 . St tions SS-3 nd SS-5, lo ted on Jewkes Creek down- nd upstre m

from the proposed surf e f ilities, respe tively, h ve een monitored from 1989 through the
present. St tions SS-7 nd SS-8, lo ted on Be ver Creek north of the permit re , h ve een
monitored from 1991 through the present . St tions SS-10 ( nn med Tri ut ry) nd SS-11 (S nd
Gul h) were monitored eginning in M y of 1996. D t olle ted from these st tions re provided
in Appendix 7-3 .

It should e noted th t previous s mpling efforts h ve referred to the surf e-w ter s mpling
st tions within the permit nd dj ent re s s St tion No . 3, St tion No. 5, St tion No . 7, nd
St tion No . 8. These lo tions re now referred to s SS-3, SS-5, SS-7, nd SS-8 . The h nge
in terminology for these st tions h s een m de solely to en le e sier identifi tion nd
dis ussion in this permit ppli tion .

Stre m flow within the permit nd dj ent re s is typi l of the region, with m ximum stre m
flows typi lly o urring the l te spring nd e rly summer s result of snow melt runoff . Flows
de re se signifi ntly during the utumn nd winter months, with Jewkes Creek nd Be ver Creek
oth h ving experien ed no flow during the period of re ord (prim rily in the winter nd l te

summer months) .

The flow of Jewkes Creek diminishes in downstre m dire tion, s me sured t s mple points
SS-3 nd SS-5 in Septem er 1990, August nd Septem er 1991, nd August through De em er
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1992. After p ssing s mpling point SS-5, the h nnel e ome less defined nd me nders though
50-foot wide re , where the flow infiltr tes into the lluvium . This flow does not pp rently

re ppe r immedi tely downstre m from SS-3. However, given the presen e of the imperme le
M n os Sh le in the stre m ed of North Fork Gordon Creek pproxim tely one-h lf mile
downstre m from the proposed surf e f ilities (H nsen, 1988), it is likely th t the stre m flow
re ppe rs within North Fork Gordon Creek . Gr phs illustr ting the flows me sured t the
monitoring st tions within the permit nd dj ent re s re in luded in Appendix 7-3 .

Downstre m de re ses in flow h ve lso een o served in Be ver Creek etween monitoring
st tions SS-7 nd SS-8. This situ tion is most prev lent during the low-flow se son . However,
during periods of high flow, dis h rge r tes h ve een o served to e o sion lly higher t the
upstre m st tion (SS-7) s omp red with the downstre m st tion (SS-8) . The re sons for these
v ri tions re not yet le r.

Surf e ter Qu lity

Surf e-w ter qu lity d t h ve een olle ted from the permit nd dj ent re s sin e 1989
when s mple sites were essi le . Prior to 1996, these d t were gener lly olle ted in

ord n e with DOGM guidelines pu lished in 1986 . Beginning in 1996, d t h ve een
olle ted, where fe si le, in ord n e with DOGM guidelines pu lished in April 1995. The

d t olle ted from the monitored sites, together with t les outlining the p r meters whi h h ve
een monitored, re presented in Appendix 7-3 .

The Pri e River nd its tri ut ries from the onfluen e . with Green River to C stle G te, re
l ssified 3C nd 4 . This re h in ludes the flows from Gordon Creek nd its tri ut ries . Cl ss
3C me ns th t the p rti ul r stre m is prote ted for non-g me fish nd other qu ti life, nd
Cl ss 4 me ns th t the stre m is prote ted for gri ultur l use. T les 7-3 nd 7-4 list numeri l
st nd rds for oth of these l sses .

Be ver Creek is in luded in the l ssifi tions for the Pri e River nd tri ut ries from C stle G te
to it's he dw ters . These re 1 C (prote ted for domesti use with prior tre tment), 3A
( gri ultur l). T les 7-3 nd 7-4 list numeri l st nd rds for l sses 1 C nd 3A .

B seline s mpling point lo tions re shown on Pl te 7-1 . St tion SS-3 is lo ted upstre m of
the interse tion of Jewkes Creek nd North Fork of Gordon Creek nd elow the proposed surf e
f ilities . S mpling point SS-5 is lo ted immedi tely upstre m from the proposed surf e
f ilities, just downstre m from the onfluen e of Spring Two C nyon nd Jewkes Creek . St tion
SS-7 is lo ted on Be ver Creek upstre m from potenti l future exp nsions of the permit re .
S mpling point SS-8 is lso lo ted on Be ver Creek ut downstre m of potenti l future
exp nsions of the permit re . The w ter qu lity d t th t h ve een olle ted t these sites is
in luded in Appendix 7-3 .
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TABLE 7-3

N MERIC CRITERIA FOR AQ ATIC ILDLIFE

P r meter

PHYSICAL
Tot l Dissolved G ses
Dissolved Oxygen (mg/I) (2)

Aqu ti
ildlife

3A

(1)

3B

(1)

3C 3D

30 D y Aver ge 6 .5 5 .5 5.0 5 .0
7 D y Aver ge 9.5/5.0 6.0/4 .0
1 D y Aver ge 8.0/4.0 5 .0/3 .0 3.0 3.0

M x Temper ture °C 20 27 27
M x Temper ture Ch nge °C 2 4 4
pH (R nge) 6.5-9.0 6 .5-9.0 6.5-9 .0 6.5-9.0
Tur idity In re se NT 10 10 15 15
Met ls (3) Dissolved
(ug/I) (4)
Arseni (Triv lent)
4 D y Aver ge 190 190 190 190
1 Hour Aver ge 360 360 360 360
C dmium (5)
4 D y Aver ge 1 .1 1 .1 1 .1 1 .1
1 Hour Aver ge 3.9 3 .9 3.9 3.9
Chromium (Hex v lent)
4 D y Aver ge 1 1 1 1 1 1 1 1
1 Hour Aver ge 16 16 16 16
Chromium (Triv lent (5)
4 D y Aver ge 210 210 210 210
1 Hour Aver ge 1700 1700 1700 1700
Copper (5)
4 D y Aver ge 12 12 12
1 Hour Aver ge 18 18 18 18
Cy nide (Free)
4 D y Aver ge 5.2 5.2 5.2
1 Hour Aver ge 22 22 22 22
Iron (M ximum) 1000 1000 1000 1000
Le d (5)
4 D y Aver ge 3.2 3 .2 3.2 3.2
1 Hour Aver ge 82 82 82 82
Mer ury
4 D y Aver ge 0.012 0.012 0.012 0.012
1 Hour Aver ge 2 .4 2.4 2 .4 2.4
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TABLE 7-3 (Continued)

N MERIC CRITERIA FOR AQ ATIC ILDLIFE

P r meter

	

Aqu ti
ildlife

3A

	

3B

	

3C

	

3D
Ni kel (5)
4 D y Aver ge

	

160

	

160

	

160

	

160
1 Hour Aver ge

	

1400

	

1400

	

1400

	

1400

Selenium
4 D y Aver ge

	

5 .0

	

5.0

	

5 .0

	

5 .0
1 Hour Aver ge 20 20 20 20
Silver
4 D y Aver ge

	

0.12

	

0.12

	

0.12

	

0.12
1 Hour Aver ge

	

4 .1

	

4.1

	

4.1

	

4 .1
Zin (5)
4 D y Aver ge

	

110

	

110

	

110

	

110
1 Hour Aver ge 120 120 120 120
INORGANICS (mg/I) (3)
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TABLE 7-4

N MERIC CRITERIA FOR DOMESTIC, RECREATION, AND AGRIC LT RAL SES

P r meter Domesti

	

Re re tion
Sour e

	

nd
Aestheti s

1C

	

2A 2B

Agri ulture

4

BACTERIOLOGICAL (30 DAY
GEOMETRIC MEAN) (#/100 ml)
M x Tot l Coliforms 5000 1000 5000
M x . Fe l Coliforms 2000 200 200
PHYSICAL
Min. Dissolved Oxygen (mg/I) 5.5 5.5 5 .5
pH (R nge) 6.5-9 6.5-9 6.5-9 6.5-9
METALS (ACID SOL BLE)
MAX. (mg/I)(2)
Arseni 0.05 0.1
B rium 1 .0
C dmium 0.01 0.01
Chromium 0.05 0.10
Copper 0 .2
Le d 0.05 0 .1
Mer ury 0.002
Selenium 0.01 0.05
Silver 0.05
INORGANICS (MAX.) (mg/I)
Boron 0.75
uvl u i .-r - ~,-r

Nitr tes s N 10
Tot l Dissolved Solids (4) 1200
RADIOLOGICAL (MAX. pCi/L)
Gross Alph 15 15
R dium 226, 228 ( om ined) 5
Strontium 90 8
Tritium 20000
ORGANICS (MAX. ug/I )
Chlorophenoxy Her i ides
2,4-D 100
2,4,5-TP 10
Endrin 0.2
Hex hloro y lohex ne 4
Methoxy hlor 100
Tox phene 5



TABLE 7-4 (Continued)

N MERIC CRITERIA FOR DOMESTIC, RECREATION, AND AGRIC LT RAL SES

P r meter Domesti Re re tion Agri ulture
Sour e

1C

nd
Aestheti s
2A 2B 4

POLL TION INDICATORS (5)
Gross Bet (pCi/L) 50 50
BOD (mg/I) 5 5 5
Nitr te s N (mg/I) 4 4
Phosph te s P (mg/I)(6) 0.05 0.05
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The d t ont ined in Appendix 7-3 indi te th t the TDS on entr tion of w ter in Jewkes Creek
is typi lly 300 to 500 mg/I . Iron on entr tions re gener lly less th n 1 mg/I, while m ng nese
on entr tions re typi lly less th n 0 .1 mg/I. Tot l suspended solids on entr tions h ve v ried

from < 1 to 245 mg/I during the period of re ord. The pH of w ter in Jewkes Creek gener lly v ries
from 8.0 to 8 .6 .

The w ter in Jewkes Creek is typi lly l ium i r on te type . In gener l, the on entr tions
of dissolved onstituents re inversely proportion l to flow, while the on entr tions of tot l
onstituents re dire tly proportion l to flow. Hen e, the on entr tions of tot l dissolved solids

tend to e lowest in the l te spring nd highest in the utumn nd winter months, while tot l
suspended solids on entr tions tend to e highest in the l te spring nd lowest in the utumn
nd winter months .

ter in Be ver Creek tends to h ve low TDS on entr tions th n in Jewkes Creek . D t
ont ined in Appendix 7-3 indi te th t the TDS on entr tion of Be ver Creek ne r the permit
re typi lly v ries from out 200 to 350 mg/I . Simil r to Jewkes Creek, iron nd m ng nese
on entr tions in Be ver Creek re gener lly less th n 1 mg/I nd 0 .1 mg/I, respe tively . Tot l

e+, ie P-ine4-A ~p .I ,4 . .~nr~n~nfrr.~innr

	

. .-ri~A Fr~ rr, i~l 4~ ^n7	11 Tt__ ._ -9

w ter in Be ver Creek typi lly v ries from 7 .5 to 8.5 .

As with Jewkes Creek, the w ter in Be ver Creek is typi lly l ium i r on te type . As lso
noted t Jewkes Creek, the on entr tions of dissolved onstituents tend to e inversely
proportion l to flow, while the on entr tions of tot l onstituents tend to e dire tly proportion l
to flow .

7.2.2 .3 Surf e ter Monitoring Pl n

In the Horizon No . 1 Mine re , Be ver Creek nd North Fork Gordon Creek re perenni l
stre ms. Jewkes Creek is n intermittent stre m . Both Port l C nyon nd Spring Two C nyon
re ephemer l stre ms, flowing prim rily in response to snow-melt nd runoff from thunderstorms .

Sin e these ephemer l stre ms re usu lly dry, no monitoring points h ve een est lished
thereon .

Surf e-w ter monitoring within the permit nd dj ent re s will e performed in ord n e
with R645-301-723 . As noted in Se tion 7.2.3 .2, Horizon will inst ll silt fen es (see Figure 7-5),
ont inment erms, nd str w- le dikes during onstru tion to minimize the potenti l for
sediment to e dis h rged to lo l stre m h nnels. To ssist in monitoring the effe tiveness of
these sediment- ontrol me sures, s mples will e olle ted on weekly sis during onstru tion
from Jewkes Creek up- nd downstre m from the onstru tion re ( t the pproxim te lo tions
of st tions SS-5 nd SS-3, respe tively). These s mples will e n lyzed in the field for tur idity .

St tions SS-3, SS-5, SS-7, SS-8, SS-10, nd SS-11 will e monitored on e e h lend r qu rter
( s ess onditions permit) during the oper tion l nd re l m tion periods . D t will e
olle ted from these st tions in ord n e with T le 7-5 . St tions SS-3 nd SS-5 re
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TABLE 7-5

OPERATIONAL AND RECLAMATION PERIOD
S RFACE ATER MONITORING PARAMETERS

Flow (gpm)

Spe ifi Cond . (pmhos/ m @ 25 °C)

Tot l Dissolved Solids

Tot l Suspended Solids

Bi r on te

C l ium (dissolved)

Iron (dissolved)

M gnesium (dissolved)

M ng nese (tot l)

Sodium (dissolved)

Oil & Gre se

Anions (meq/I)

pH (st nd rd units)

Temper ture (°C)

Dissolved Oxygen (mg/I)

Tot l Settle le Solids

Tot l H rdness ( s C C03)

C r on te

Chloride

Iron (tot l)

M ng nese (dissolved)

Pot ssium (dissolved)

Sulf te

C tions (meq/I)

Alk linity (tot l)
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lo ted on Jewkes Creek down- nd upstre m from the proposed surf e f ilities, respe tively,
nd will provide inform tion reg rding the imp ts of surf e distur n es. St tions SS-7 nd SS-

8 re lo ted on Be ver Creek up- nd downstre m from potenti l future exp nsions of the mine .
Simil rly, st tions SS-10 nd SS-11 re lo ted in tri ut ries to Jump Creek nd Be ver Creek,
respe tively, downstre m from potenti l future exp nsions of the mine . Through the olle tion
of flow nd w ter-qu lity d t up- nd downstre m from underground mining tivities, these l tter
four st tions will provide inform tion on the potenti l imp ts of underground mining tivities (e .g .
in re ses or de re ses in flow nd w ter qu lity due to su siden e nd other potenti l
interruptions to the hydrologi regime) on surf e hydrologi onditions .

Flow d t olle ted from st tions SS-7 nd SS-8 will e omp red to determine v ri tions in flows
up- nd downstre m from the proposed workings . It should e noted th t wide v ri tions h ve
een noted histori lly etween these st tions, with flows in re sing nd de re sing in the

downstre m dire tion. If the d t suggest th t norm l v ri tions in flow re o urring etween
st tions SS-7 nd SS-8, ddition l seep ge ev lu tions will e ondu ted long Be ver Creek,	" : .. .- „ 1..--- 4- ..--3- - .J . .1,	; .-. C.,,-4 ;nr% 7 1 n

In ddition to the ove monitoring progr m nd in ord n e with request y DOGM, North
Fork of Gordon Creek will e monitored for flow elow Co l C nyon (see Pl te 7-1) on qu rterly

sis when the site is essi le . D t olle ted from this site will serve s sis for ev lu ting
the potenti l over ll hydrologi imp ts of mining within the permit re . Furthermore, st tion SS-
12 (Pl te 7-1) will e est lished for the olle tion of flow d t from Be ver Creek to further
ev lu te flow onditions in the reek s mining progresses to the northwest . These flow d t will
e olle ted on qu rterly sis during norm l monitoring periods .

On e every five ye rs, during the low-flow se son of the ye r (i .e ., l te summer or e rly utumn),
e h stre m st tion will e s mpled during the low-flow se son for seline p r meters . This list
of p r meters is the s me s th t provided in T le 7-5 plus the following :

A idity
Aluminum (dissolved)
Arseni (dissolved)
Boron (dissolved)
C dmium (dissolved)
Copper (dissolved)
Le d (dissolved)

Moly denum (dissolved)
Ammoni
Nitr te
Nitrite

Phosph te (ortho)
Selenium (dissolved)
Zin (dissolved)

During field re l m tion tivities following mining, s mples will g in e olle ted from Jewkes
Creek ove nd elow the distur ed re on weekly sis . These s mples will e n lyzed
in the field for tur idity s me sure of the effe tiveness of the sediment- ontrol me sures th t
will e implemented during re l m tion onstru tion .

By the end of e h month following e h lend r qu rter (i .e., April 30, August 31, O to er 31,
nd J nu ry 31), report will e su mitted to the Division summ rizing monitoring tivities during

the previous qu rter. Annu l reports summ rizing monitoring tivity will lso e su mitted to the
DOGM. Qu rterly reports will in lude field me surements, o serv tions, nd n lyti l results
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re eived during the previous qu rter. Annu l reports will in lude field me surements,
o serv tions, nd n lyti l results re eived during the entire ye r. If ny d t indi te non-
ompli n e with permit onditions, Horizon Co l Comp ny will promptly notify the Division nd

t ke ppropri te tions s provided for in R645-300-145 nd R645-301-731 .

7.2 .3 Surf e ter Development, Control nd Diversions

7.2 .3.1 ter Supply (Surf e)

Lo tions of surf e w ter rights within the permit nd surrounding re s re shown on Pl te 7-3 .
D t ont ined in Appendix 3-3 indi te th t w ter rights h ve een filed on limited num er of
stre ms in the permit nd dj ent re s. These rights re prim rily for sto k w tering . As su h,
they typi lly h ve no us ge r te sso i ted with them . R ther, they re for w tering of sto k
long length of stre m.

The w ter supply for use underground will e pumped from the North Fork Gordon Creek to the
mine. The pump house will e lo ted s noted on Pl te 3-1 . The le sing of w ter rights for this
use is dis ussed in Se tion 3.4.3 of this permit ppli tion .

7.2 .3.2 Sediment tion Control Stru tures nd Diversions

Gener l Des ription

The runoff nd sediment ontrol pl n for the f ility re during oper tions is shown on Pl tes 7-4
nd 7-6 . The undistur ed runoff from ove the site re on the Port l C nyon nd Jewkes Creek

dr in ges will e diverted ene th the distur ed re nd dr in ge from the distur ed nd sm ll,
ontiguous undistur ed re s will e olle ted nd routed to the sediment tion pond . The

dr in ge network w s developed with sever l o je tives in mind :

1 . To divert undistur ed re runoff round the f ilities re where fe si le ;

2. To route ll runoff from distur ed re s through sediment tion pond ;

3. To provide dequ te dr in ge of ro ds nd p rking re s ;

4 . To re te h nnels, ulverts, nd diversions whi h re st le ; nd

5 . To s tisfy DOGM design st nd rds .

During the initi l st ges of site development nd prior to inst ll tion of the sediment tion pond,
Horizon Co l Corpor tion will inst ll om in tion of ont inment erms, str w- le dikes, nd
silt fen es to ont in sediment . The sele tion of the tu l sediment- ontrol te hnology will
depend upon site onditions. However, in e h se, these sediment- ontrol stru tures will e
lo ted etween the stre m h nnels nd the re s eing distur ed y site onstru tion .
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Sediment tion ontrol stru tures nd diversions will e inst lled using the est te hnology
urrently v il le. Silt fen e f ri nd wire mesh (when used) will e uried in tren h on the

upstre m side of the silt fen e. The depth of tren h will v ry, however n ttempt will e m de
to use 6" s st nd rd depth . hen silt fen e is inst lled in h nnel the silt fen e will e
inst lled flush with the sides nd top of the h nnel to prevent seep ge from o urring round the
fen e. The fen e will e onstru ted p r llel to the ontours of the slope, with the ends ent
upslope . The type, height, nd width will e n lyzed on se y se sis to determine the
est te hnology to e used for e h situ tion .

Str w- les will e inst lled in tren h the width of the le (when we ther onditions permit) nd
the length of the proposed sediment stru ture. The soil from the ex v ted tren h will e pl ed
g inst the les. Str w- les will e se ured with minimum of two st kes inserted into the
les nd extending depth suffi ient to se urely n hor the str w- le into the ground . The

stru ture will e onstru ted p r llel to the ontours of the slope, with the ends ent upslope .
Loose str w will e wedged into g p sp es .

Inst ll tion of the ulverts will pro eed from the lower end of the p d re in n upstre m
dire tion . To the extent possi le, Horizon Co l Corpor tion will limit onstru tion tivities
sso i ted with ulvert inst ll tion to those periods when the stre m is not flowing . Altern tively,

stre m flow will e yp ssed round onstru tion tivities within the h nnels . The
sediment tion pond will e onstru ted s soon s pr ti l following inst ll tion of the ulvert .

Methodology

The following methods were used to determine runoff volumes nd pe k flows for design of
diversions, ulverts, nd the sediment tion pond :

Determin tion of Pre ipit tion Depth, . Pre ipit tion depths were determined for the 10-ye r, 6-
hour; 10-ye r, 24-hour ; 25-ye r, 6-hour; nd 100-ye r, 6-hour storms using d t developed y
Miller, et l. (1973). The pre ipit tion depths for these events re 1 .5 in hes, 1 .8 in hes, 1 .6
in hes, nd 1 .8 in hes, respe tively .

Determin tion of Runoff olume . The SCS urve num er method w s used to determine the
runoff volume resulting from the design pre ipit tion events . A ording to this method ( .S . Soil
Conserv tion Servi e, 1972), the lge r i nd hydrologi rel tions etween storm r inf ll, soil
moisture stor ge, nd runoff n e expressed y the equ tions :

nd

where Q =

	

Dire t runoff volume (in hes)
S -

	

tershed stor ge f tor (in hes)
P -

	

R inf ll depth (in hes)
CN = Runoff the urve num er (dimensionless)
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It should e noted th t ( ) Equ tion (3) is v lid only for P >= 0 .2S (otherwise Q = 0), ( ) Equ tion
(4), s st ted, is in in hes, with the v lues of 1000 nd 10 rrying the dimensions of in hes,
lthough metri onversions re possi le, nd ( ) CN is only onvenient tr nsform tion of S to

est lish s le of 0 to 100 nd h s no intrinsi me ning .

Curve num ers for the w tersheds of on ern were o t ined y ev lu ting the w tershed surf e
h r teristi s sed on soils, veget tive type, nd other h r teristi s . This determin tion w s
sed on m ps nd field re onn iss n e of the site . The urve num ers for undistur ed re s

were determined using the estim ted over density of the veget tive ommunity nd t ul ted
v lues provided y the .S. Soil Conserv tion Servi e (1986), ssuming hydrologi soil groups
B nd C ( s is typi l of mu h of the region) . For the distur ed re s, urve num ers were
hosen from profession l judgement nd t ul ted v lues presented y the .S. Soil

Conserv tion Servi e (1972) .

eighted- ver ge urve num ers were determined sed on the per ent ge of e h w tershed
o upied y given l nd type. Ante edent Moisture Condition I I w s used for ll runoff estim tes .

Hydrogr ph Synthesis, . Runoff hydrogr phs were developed, for the storm events, using the
SCSHYDRO omputer progr m, origin lly developed y H wkins nd M rsh ll (1980), modified
to dd ddition l r inf ll distri utions nd llow t h file pro essing . The SCSHYDRO progr m
w s designed to simul te the surf e runoff response of dr in ge to pre ipit tion, using the
SCS tri ngul r hydrogr ph method .

The SCS method yields tot l r inf ll ex ess, the differen e etween r inf ll depth nd
pre ipit tion loss . For given storm, the in rement l ex ess for given time period of storm n
e omputed s the differen e etween the umul ted ex ess t the end of the urrent time

period nd the umul ted ex ess t the end of the previous period ( .S . Soil Conserv tion
Servi e, 1972). The omputer progr m l ul tes the in rement l volume using :

+oo =	 -
+o +

	

+

where S is s previously defined nd v lues for P(t+At) nd P(t) re determined from the r inf ll
m ss urve .

This r inf ll ex ess is then tr nsl ted to n outflow hydrogr ph using the SCS tri ngul r
dimensionless unit hydrogr ph ( .S. Soil Conserv tion Servi e, 1972). The unit hydrogr ph
shown in Figure 7-6 is typi l urviline r hydrogr ph . It is h r terized y its time to pe k
(TP), re ession time Jr), time of se (T ), nd the rel tions etween these p r meters (i .e., Tr1 .67TP; T = 2.67TP) . Thus, from the geometry of tri ngle, the in rement l runoff (AQ n e
defined y the equ tion :

(6)
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where qP = Pe k flow r te (in/hr, if Q is in in hes nd TP in hours)

nd other p r meters previously defined .

The flow t ny time 0 < t < Tr m y e determined y simple line r proportioning of the tri ngul r
unit hydrogr ph. The time to pe k is rel ted to the f mili r expression "time of on entr tion" (T )
y the equ tion :

in whi h the f tor 1 .7 is n empiri l finding ited y the .S. Soil Conserv tion Servi e (1972) .

The time of on entr tion m y e estim ted y sever l formul s . For this do ument, Tr w s
determined from the following equ tions ( .S . Soil Conserv tion Servi e, 1972) :
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figure 7-6
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nd
A

(8)

(9)

where L =

	

tershed l g time (hours)
A =

	

Hydr uli length of the w tershed, or dist n e long the m in h nnel to the
w tershed divide (feet)

S -

	

tershed stor ge f tor defined in Equ tion (4)
Y - Aver ge w tershed slope (per ent)
TC = Time of on entr tion (hours)

The .S. Soil Conserv tion Servi e (1972) shows th t of must equ l 0.2TP . Hen e, the omputer
ode uses only T , nd from this v lue omputes At, TP, Tr , nd interim unit hydrogr ph ordin tes .

To onvert the unit hydrogr ph ordin tes to u i feet per se ond, the following rel tion is used :

where Are =Dr in ge re (squ re miles)
q

	

Dis h rge ( u i feet per se ond)

Ch nnel Hydr uli s . The p ity of the undistur ed nd distur ed re diversion h nnels, t
the design flow r te, w s determined using the FlowM ster ITM progr m developed y H est d
Methods (1990). This progr m solves for prism ti h nnel p ity using the M nning equ tion :

nd the ontinuity equ tion :
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where =

	

elo ity (feet per se ond)
R =

	

Hydr uli r dius (feet)
S =

	

Hydr uli slope (feet per foot)
n =

	

M nning's roughness oeffi ient
Q =

	

Dis h rge ( u i feet per se ond)
A =

	

Flow re (squ re feet)

*

Ch nnel p r meters required for the solution of Equ tions (11) nd (12) were o t ined from
desion ross se tions r^4 +h .. ---nosed longitudin l profile of the v rious h nnels . lues of the
roughness oeffi ient were o t ined y omp ring proposed onditi :- GPs

provided y Chow (1959) nd the .S . Soil Conserv tion Servi e (1956) .

For the design of the undistur ed re diversions nd the re l imed h nnels, m ximum
permissi le velo ity of 5 feet per se ond w s determined to e non-erosive . This w s determined
from B rfield, et . l. (1981) sed on gr ded lo m soil with gr vel for sediment l den flows .

uIIui LuiuC HICd Ru(I I1 LOtltrol

Gener l . Runoff from the undistur ed re upstre m of the surf e f ilities in Port l C nyon nd
Jewkes Creek will e diverted ene th the mine f ilities vi three ulverts . The ulverts re
designed s tempor ry stru tures for the life of the f ility nd will e removed following the
oper tions. The undistur ed- re ulverts re sized to p ss the pe k flow resulting from the 100-
ye r, 6-hour pre ipit tion event. C l ul tions supporting these designs re presented in Appendix
7-4 . A opy of the stre m lter tion permit from the t h Division of ter Rights required for
inst ll tion of the undistur ed- re ulverts is in luded in Appendix 7-12 .

Diversions . The yp ss ulverts re sized to s fely p ss the pe k flow resulting from the 100-
ye r, 6-hour pre ipit tion event . Pl te 7-5 shows the lo tion of the ulverts nd the dr in ge
re to e h stru ture, respe tively .

ndistur ed re ulvert C-1 will yp ss dr in ge runoff from ulverts C-2 nd C-3 (i.e .,
Port l C nyon nd Jewkes Creek, respe tively) . The om ined 100-ye r, 6-hour pe k flow from
these dr in ges is 27 .9 fs. The ulvert to e inst lled in this se tion of the dr in ge will h ve
di meter of 36 in hes, sed on the minimum slope se tion nd open- h nnel flow onditions for
the ulvert .

Culvert C-2 will re eive runoff from Port l C nyon . The 100-ye r, 6-hour pe k flow for this
ulvert is 8 .3 fs . A 24-in h di meter ulvert is pl nned to e inst lled t this lo tion . This size

M y 2004
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is sed on inlet ontrol nd he dw ter to depth r tio of one or less . A tr sh r k will e
inst lled on the inlet to this ulvert, s indi ted in Figure 7-8 .

Culvert C-3 will re eive runoff from Jewkes Creek . The 100-ye r, 6-hour pe k flow to this ulvert
is 19.6 fs. This flow n dequ tely e h ndled y 30-in h di meter ulvert, sed on inlet
ontrol nd he dw ter to depth r tion of one or less . An extension of C-3 is dis ussed in

Appendix 3-9 .

Dis h rge t the outlet of ulvert C-1 will h ve n exit velo ity of pproxim tely 10.4 fps (see
Appendix 7-4) . This will e ontrolled y inst lling n outlet h nnel nd imp t pool . The outlet
h nnel will h ve gr ded ripr p on the ottom nd long the sides of the h nnel for n
pproxim te dist n e of 30 feet downstre m from the ulvert outlet to tr nsition to ompound
h nnel with ripr pped low flow h nnel nd veget ted flood pl in, s proposed for the fin l

re l m tion h nnel (see Pl tes 7-4 & 7-6) . The ripr p in the outlet h nnel nd the low flow
h nnel will h ve medi n di meter of 0 .5 foot nd will e pl ed t thi kness of 12 in hes .

The gr d tion of the ripr p is presented in T le 7-6 . A geotextile m teri l will e inst lled
ene th the outlet h nnel ripr p s filter l nket. A s nd filter will e inst lled ene th the low

The outlet h nnel will t s n imp t pool for flows from the ulvert or emergen y spillw y. The
imp t pool will e re ted y the tr nsition to the ompound h nnel, due to the sh llower depth
of the low flow h nnel versus outlet h nnel . nder flow onditions, the w ter will fill the outlet
h nnel nd spill to the low flow h nnel until its p ity is ex eeded nd then spre d out into

the flood pl in. This will ensure th t low flows n e onveyed through the re , while high flows
will spre d over the flood pl in. Addition lly, the sh llow depth of the low flow h nnel will ensure
the p ility of su -irrig tion nd seep ge into the surrounding flood pl in .

By onstru ting these h nnels during oper tions, the re will not need to e distur ed g in
during re l m tion . The rip ri n re will lre dy e est lished round the h nnels nd the
re will e st ilized. If these h nnels re not in luded in the initi l distur n e, then the re

will e redistur ed upon re l m tion .

C l ul tions ont ined in Appendix 7-4 indi te th t the flow p ity of the un ltered Jewkes
Creek upstre m from ulvert C-3 is 27.7 fs. The flow p ity of the un ltered Jewkes Creek
downstre m from ulvert C-1 is 38 .7 fs. Culverts C-1 nd C-3 h ve design p ities of 59
fs nd 40 fs, respe tively . Hen e, the p ities of these ulverts ex eed the p ity of

Jewkes Creek in its un ltered st te .

As indi ted in Appendix 7-4, the p ity of the un ltered Port l C nyon Creek upstre m from
ulvert C-2 is 13 .1 fs. All of the downstre m portion of this reek will e su je t to the ulverted

diversion . Culvert C-2 h s p ity of 22 fs . Hen e, the p ity of this ulvert ex eeds th t
of Port l C nyon Creek in its un ltered st te .
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TABLE 7-6

RIPRAP GRADATIONS

D 100

D8

D5

D1

D 100

D8

D 5

D,

n .

D8

D5

D,

D15

D100

D8

D5

4-in h Ripr p

6-in h Ripr p

8-in h Ripr p

12-in h Ripr p

0 66 foot

0 .5 foot

0 .33 foot

0 .03 foot

1 0 foot

0.75 foot

0 .5 foot

0.05 foot

1 5 feet

1 1 feet

0.6 foot

0 06 foot

2 0 feet

1 .5 feet

1 .0 foot

0 .1 foot
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Distur ed Are Runoff nd Sediment Control

Gener l . The runoff from the m jority of the distur ed re s will e olle ted in sediment tion
pond nd tre ted prior to dis h rge (see Pl te 7-6) . Are s eing tre ted y ltern tive sediment
ontrols nd not reporting to the sediment pond re dis ussed elow . The sediment tion pond

h s een designed to ont in runoff from the 10-ye r, 24-hour storm event . C l ul tions
supporting the design of the sediment tion pond re presented in Appendix 7-4 .

Two re s within the distur ed re ound ry do not flow to the sediment pond nd re, therefore,
tre ted y ltern tive sediment ontrols. The first su h re is t the upstre m end of the Topsoil
Sto kpile in Port l C nyon, dj ent to the inlet of ulvert C-2 . This re slopes tow rds the
ulvert nd is tre ted with str w les nd erms dire ting ny flow through the str w les prior

to le ving the distur ed re nd reporting to the undistur ed dr in ge ulvert. During Novem er
1996, the re w s reveget ted with Seed Mix #1 in ord n e with the pro edures outlined in
Se tion 3.5.5 . The str w les nd erms will e m int ined t le st until the veget tive over
is suffi ient to ontrol erosion .

The se ond re re uirino ltern tive sediment rontrnl inrlt rdPS the PxtPrinr Pmh nkmPnt -zlnnP
or the se iment tion pon . I his re is tre te witn om in tion or str w s les n silt ten e .
During Novem er 1996, this re w s reveget ted with Seed Mix #1 in ord n e with the
pro edures outlined in Se tion 3.5.5. The str w les nd silt fen e will e m int ined t le st
until the veget tive over is suffi ient to ontrol erosion .

Distur ed Are Diversions . The m jor portion of the distur ed re will e olle ted y distur ed-
re diversion dit h DD- i (see Pl te 7-4) . This diversion wili onsist of two segments . The upper

segment will onsist of sm ll dit h on e h side of the nyon. Both dit h segments will dr in
to the lower portion of DD-1 whi h will flow dire tly to the sediment tion pond. To e tri ngul r
in sh pe, this diversion will e onstru ted with 2H :1 sideslopes nd h nnel slope r nging
from 0.033 to u.143 footifoot. The h nnel will e onstru ted in p d fill m teri ls . - I he 25-ye r,
6-hour pe k flow for the dr in ge is 1 .28 fs (see Appendix 7-4) . To h ndle this event, the upper
h nnel will h ve m ximum flow depth of 0.45 foot nd m ximum velo ity of 4.8 fps . The
h nnel depth is pl nned to e 1 foot deep, resulting in free o rd of 0.55 foot (see Pl te 7-4) .

For diversion slopes less th n 11 .7 per ent, the pe k design velo ity is less th n 5 .0 fps . Hen e,
no ripr p prote tion is required for these re hes . For the diversion re hes gre ter th n 11 .7
per ent, ripr p is required . B sed on the m ximum h nnel slope with 0.5 foot D50 , the pe k
design velo ity is 4 .8 fps .

The lower re h of DD-1 will h ve pe k flow of 1 .32 fs . The design is sed on the s me
h nnel onfigur tion s the upper se tion. The h nnel will h ve m ximum flow depth of 0.46

foot nd m ximum velo ity of 4.83 fps . The h nnel depth is pl nned to e 1 foot deep,
resulting in free o rd of 0 .54 foot (see Pl te 7-4) . For diversion slopes less th n 11 .5 per ent,
the pe k design velo ity is less th n 5 .0 fps . Hen e, no ripr p prote tion is required for these
re hes. For the diversion re hes gre ter th n 11 .5 per ent, ripr p is required . B sed on the
m ximum h nnel slope with 0.5 foot D50 , the pe k design velo ity is 4 .83 fps .
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Distur ed- re ulverts will e inst lled to onvey runoff ene th ro dw ys on the f ility p d .
Culvert DC-1 will e inst lled to rry runoff from the f n-port l ess ro d ene th the m in p d
ro dw y into diversion DD-1 . The pe k dis h rge to this ulvert from the 25-ye r, 6-hour
pre ipit tion event will e 0.60 fs. An 18-in h di meter ulvert is pl nned to e inst lled t this
lo tion, sed on inlet ontrol onditions with he dw ter to depth r tio of one or less . This
ulvert will e extended to f ilit te the inst ll tion of tr nsformer dj ent to the onveyor . The
ulvert is shown on Pl te 7-4 .

Culvert DC-2 w s inst lled to onvey runoff from the o l lo dout re ene th the m in f ility
ro dw y nd into the sediment pond . The pe k dis h rge to this ulvert from the 25-ye r, 6-hour
pre ipit tion event will e 0.59 fs. Culvert DC-2 will onsist of n 18-in h di meter ulvert, sed
on inlet ontrol onditions for the ulvert with he dw ter to depth r tio of one or less .

Culvert DC-3 w s inst lled to onvey runoff from the hillside on the north side of Port l C nyon
nd elow ulvert DC-1 . ters dis h rging to DC-3 will run ene th the ro dw y nd into

diversion DD-1 . The pe k dis h rge to this ulvert from the 25-ye r, 6-hour pre ipit tion event
will e 0.04 fs. Culvert DC-3 onsists of n 18-in h di meter ulvert, sed on inlet ontrol
onditions for the ulvert with he dw ter to depth r tio of one or less .

Dr in ge from the n ill ry ro ds will e ontrolled y the use of w ter rs nd erms . Pl te 7-4
shows the lo tion of the w ter rs on the n ill ry ro ds to the f n port l nd the monitoring
well . Pl te 3-4 shows the det ils of the w ter rs . E h of the w ter rs h s een sized to
h ndle the dr in ge from the 10 ye r - 6 hour event for the l rgest re reporting to w ter r.
The worst se pe k flow is estim ted to e 0.24 fs (m ximum dis h rge) . B sed on the w ter

r det ils, the nti ip ted flow depth for this pe k flow is 0 .2 foot with flow velo ity of 1 .48 feet
per se ond. Appendix 7-4 presents the design l ul tions nd di gr m outlining the l rgest
dr in ge re reporting to w ter r on either n ill ry ro d . The design depth of the w ter r
is 1 foot, then e the free o rd is 0 .8 foot. The velo ity is not erosive s it is less th n 5 feet per
se ond. Therefore, the proposed design for w ter rs on the n ill ry ro ds, s indi ted on
Pl te 3-4 , is dequ te .

The w ter diverted y the w ter rs will e olle ted in h lf-round ulvert nd onveyed over
the downslope into gr vel lined sin. The w ter will then tr vel overl nd into the diversion
h nnel nd into the sediment pond .

In two pl es the n ill ry ro d will need to ross the DD-1 dit h . In oth lo tions, the ross-
se tion of dit h DD-1 will tr nsition to 1 foot deep, 5H :1 sideslope, tri ngul r sh ped dit h . The
h nnel slope through the tr nsition se tion will e limited to 0.05 foot per foot . B sed on the

l ul tions presented in Appendix 7-4, the flow depth through these tr nsition se tion will e 0.29
foot deep nd the design velo ity will e 3.02 fps .

Sediment tion Pond Design . Runoff from the distur ed re nd dj ent undistur ed re s will
e dire ted to the sediment tion pond s indi ted ove. The re s round ll surf e f ilities,

in luding uildings, tr sh ont iners, o l stor ge, nd the topsoil sto kpile, will e sloped so th t
the dr in ge from these f ilities will e dire ted to the sediment tion pond .
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f ilities, in luding uildings, tr sh ont iners, o l stor ge, nd the topsoil sto kpile, will e
sloped so th t the dr in ge from these f ilities will e dire ted to the sediment pond .

A dire t dis h rge of in-mine w ter h s een pplied for however while pprov l is pending mine
w ter dis h rge will e routed to the sediment pond nd de nted through the urrently pproved
PDES dis h rge point. ters de nting through the point will e monitored in ord n e with

the p r meter\s of the PDES permit.

During the period of dis h rge three monitoring points will e s mpled : upstre m of Culvert C-3,
t the dis h rge of the de nt pipe from the sediment pond, nd in the mixing zone elow the C-

1 Culvert. The three s mples points will e monitored for TDS, sulf te, nd selenium y the
l or tory. Field p r meters will in lude pH, ondu tivity nd flow. S mpling will egin when the
first dis h rge o urs from the de nt nd s mple will e olle ted within e h two wekk period
there fter. S mpling will e dis ontinued on e the ddition l PDES dis h rge point (Outf ll 002)
h s een pproved or when DOGM otherwise pproved the dis ontinu n e of these monitoring
points .

The sediment tion pond will e onstru ted t the lo tion presented on Pl te 7-4 s soon s
possi le following onstru tion of the downstre m se tions of the undistur ed- re yp ss ulvert .
All runoff from distur ed re s will e dire ted to the sediment tion pond .

The required stor ge volume for runoff from 10-ye r, 24-hour pre ipit tion event for ll re s
dr ining to the sediment tion pond is 0.56 re-foot (see Appendix 7-4) . B sed on distur ed
re of 9.2 res dr ining to the pond nd sediment stor ge volume of 0.1 re-foot per re

of distur ed re , tot l sediment stor ge volume of 0.92 re-foot h s een designed into the
pond, resulting in minimum pond stor ge requirement of 1 .48 re-feet .

To ount for possi le future h nges in p d design nd to provide s fety f tor in the
sediment tion p ity of the pond, the sediment tion pond h s een designed with tot l

p ity of 2 .6 re-feet (see Appendix 7-4) . At this tot l p ity, the qu ntity of runoff stor ge
is 0.7 re-foot nd the qu ntity of sediment stor ge is 1 .9 re-feet . B sed on the st ge- p ity
urve presented in Appendix 7-4, the pond will h ve spillw y rest elev tion of 7585.0 feet, with
m ximum sediment stor ge elev tion of 7582 .0 feet, nd sediment le nout elev tion ( t 60%

of m ximum sediment stor ge) of 7580.6 feet) . Pl te 7-6 presents the pl n view nd ross-
se tions of the pond .

As indi ted in Appendix 7-4, the pe k inflow to the sediment tion pond resulting from the 25-
ye r, 6-hour storm is 1 .40 fs. The spillw y on the pond h s een designed s n rmored, open
h nnel over the southe st orner of the em nkment, s presented in Pl te 7-6. A ross se tion

dr wing of the spillw y is provided in Pl te 7-6. The spillw y will h ve depth of 1 .5 feet nd
rest width of 10 feet, with slope of 5 per ent for the rest se tion through the em nkment .

The flow depth ove the rest of the spillw y t the design flow will e 0.08 foot ( ssuming no
routing of the hydrogr ph through the pond). This will provide 1 .42 feet of free o rd etween the
w ter surf e in the spillw y t the design flow nd the top of the pond em nkment t 7586 .5
feet. The flow down the steep se tion of the spillw y will h ve m ximum velo ity of 3 .5 fps (see
Appendix 7-4) .

The spillw y rest nd outlet will e ripr pped (see Pl te 7-6) . The ripr p will h ve medi n
di meter of 6 in hes with gr d tion s presented in T le 7-6 . The ripr p will e pl ed in
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l yer with minimum thi kness of 12 in hes nd will e underl in y geotextile filter f ri . The
ripr p will onsist of ngul r ripr p pl ed to the point where it interse ts the C-1 outlet h nnel .
The ngle of entr n e of the spillw y h nnel into the C-1 outlet h nnel will e no gre ter th n
45° from the lignment of the outlet h nnel .

Ripr p will lso e pl ed on the slope of the inlet h nnel (DD-1) to the pond (see Appendix 7-4
nd Pl te 7-6) . This will onsist of 15-in h ripr p with minimum thi kness of 30 in hes. This will

minimize erosion nd potenti l stru ture st ility pro lems to the impoundment .

The runoff stor ge volume will e m int ined y the use of 2-in h di meter dew tering/de nt
line. As indi ted on Pl te 7-6, the inlet of the de nt will e lo ted t the top of the sediment
stor ge pool . The dis h rge from this de nt will e ontrolled y lo king v lve lo ted on the
outslope of the sediment pond em nkment t the pipe outlet . This v lve will used to dr in the
ex ess w ter from the sediment tion pond fter llowing for settling of the sediment in the pond .
S mples of the pond w ter will e olle ted s ppropri te prior to de nting the pond to ensure
th t the requirements of R645-301-751 will e met. The de nt invert will e 2 .5 feet ove the
60% sediment le n out level (see de nt/dew tering design on Pl te 7-6) .

The de nt/dew tering system ts s ffle to oils nd s um th t m y olle t on the surf e
of the sediment pond . During oper tion the int ke end of the ffle rem ins elow the w ter's
surf e, therefore it is lso elow the oil/s um l yer. The inlet will only dr w w ter from elow the
w ter's surf e, therefore h ving limited ont t with the l yer of oil/s um.

A sediment m rker will e pl ed t the edge of the pond to indi te the depth nd volume of
sediment in the pond . The m rker will h ve design tions whi h will indi te when le ning of the
pond is ne ess ry .

A per ol tion test w s performed in the re of the proposed sediment tion pond . Results of this
test re provided in Figure 7-11 . The site is situ ted in seismi zone 2B whi h, under the t h
Building Code, indi tes th t the re is s fe for the onstru tion of the sediment tion pond . The
St ti S fety F tor l ul tions re lo ted in Appendix 3-1 . A report of onstru tion nd
inspe tion on the sediment pond, y registered profession l engineer, will e provided to the
Division t the end of onstru tion .

Runoff Control M inten n e nd Monitorinq . The sediment tion pond will e inspe ted fter e h
m jor storm to determine if w ter needs to e dis h rged nd to he k the sediment level . The
pond will e le ned when sediment uilds to 60 per ent of the m ximum sediment stor ge level .
Sediment removed from the pond will e h ndled in m nner onsistent with the w ste ro k. The
sediment tion pond will lso e inspe ted qu rterly y registered profession l engineer . Any
we kness or defe t in the stru ture whi h is noted during this inspe tion will e orre ted s
qui kly s possi le. The pond dis h rge will e monitored in ord n e with the requirements
of the PDES Permit until ond rele se or until the pond is removed . An ppli tion for n
ddition l PDES dis h rge point t the mine port l w s denied (August 14, 1996) until the w ter

within the mine ould e s mpled nd su mitted for n lysis . Horizon ommits to o t ining
PDES dis h rge permit for the mine w ter prior to dis h rge of w ter from the mine port l .

Dit hes, ulverts, nd other dr in ge ontrols will e inspe ted fter e h m jor storm, nd
rep ired s ne ess ry. The pond em nkments will e reveget ted with the tempor ry seed mix
des ri ed in Se tion 3.5.5.2 following onstru tion of the pond . Any re s where reveget tion is
not su essful or where rills nd gullies develop will e rep ired nd reveget ted ordingly .
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figure 7-11
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Re l m tion Hydrology Design

Gener l . Following the ompletion of mining oper tions, the mine site re will e re l imed s
dis ussed in Ch pter 3 of this ppli tion . As p rt of the re l m tion tivities, Horizon will
reest lish the n tur l dr in ge p tterns nd re onstru t the dr in ge h nnels .

The h nnels to e reest lished re Port l C nyon Creek nd Jewkes Creek . These h nnels
will need to e reest lished within the nyon ottom . Due to the proposed re l m tion site
onfigur tion nd the lo tion of the sediment tion pond em nkment, it is not pr ti l to ret in

the oper tions sediment tion pond through the entire re l m tion period . Prior to the remov l of
the sediment tion pond during re l m tion, DOGM hydrologist will e notified nd given the
opportunity to inspe t nd endorse the remov l . Sever l options re v il le to h ndle the
re l m tion dr in ge. For one pond to h ndle the tot l runoff from the entire 551 res, pond
l rger th n the distur ed re would e needed. If the undistur ed runoff were p st through the
site using open h nnels, minimum of three ponds, one t the ottom of the wedge formed y
the jun tion of Port l C nyon Creek nd Jewkes Creek nd two ponds, one on e h side of
Jewkes Creek, t the lower end of the distur ed re ound ry, would e required to ont in the
runoff, due to the presents of the open h nnels .

Also, e h of these ponds would require series of distur ed nd undistur ed diversion dit hes
to yp ss the undistur ed w ter ove the re l imed re s nd to olle t the re l imed re
dr in ge nd onvey it to the ponds. Addition lly, on e the portions of the site dr ining to the
ponds were reveget ted nd the ponds nd distur ed nd undistur ed diversion dit hes were
re dy to e removed, lmost h lf of the reveget ted re dr ining to the ponds would need to e
distur ed g in, due to the limited re etween the open h nnel nd the distur ed re
ound ry. As result, the use of sediment tion ponds during the entire re l m tion period would

lengthen the time ne ess ry to est lish perm nent veget tion throughout the permit re .
Therefore, Horizon proposes to ret in the sediment tion pond for s long s pr ti l during
regr ding of the site re nd remov l of the yp ss ulverts . On e it is no longer pr ti l to
ret in the sediment tion pond, it will e removed nd the re will e re l imed . B sed on

l ul tions presented in Appendix 7-4, the use of ltern tive sediment ontrol me sures (su h
s mul hing, deep gouging, nd reseeding) will produ e less sediment th n undistur ed
w tersheds t the s me site .

If fe si le, efforts will e m de to minimize re l m tion tivities during periods of wet we ther.
During short periods when re l m tion onstru tion tivities will e suspended (i .e ., evenings nd
weekends), the onstru tion site will e left in ondition whi h would minimize the imp t on the
hydrologi system if pre ipit tion event were to o ur. Sin e onditions will v ry etween e h
re to e prote ted nd e h event, v rious silt tion stru tures will e used . Horizon ommits

to est lish nd m int in sediment ontrol using the est te hnology v il le t the time of
re l m tion. Refer to Se tion 7.2.3 .2, Sediment Control for v rious possi le stru tures .

Re l m tion Ch nnel Design . Re l m tion h nnels h ve een designed to onvey the pe k
flow from the 100-ye r, 6-hour pre ipit tion event. Pl te 7-7 presents the dr in ge re s of the
proposed dr in ges following re l m tion tivities . Appendix 7-4 presents the l ul tions for
the pe k flows for these dr in ges. As indi ted in Appendix 7-4, the design p ities of the
re l m tion h nnels ex eed the p ities of the n tur l stre m h nnels up- nd downstre m
from the proposed re l m tion h nnels. Spe ifi lly, s indi ted in Appendix 7-4, the n tur l
nd re l imed p ities of Port l C nyon Creek nd Jewkes Creek re s follows :
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Dr in ge from the 181 .2- re Port l C nyon w tershed will flow through the re l imed stre m
h nnel RD-1 . As indi ted in Appendix 7-4, the pe k flow for the 100-ye r, 6-hour event for this

dr in ge is 9.95 fs . The re l imed h nnel will e tr pezoid l in sh pe nd will e onstru ted
with n 8-foot ottom width, 2H :1 sideslopes, nd h nnel slope r nging from 0.038 to 0.167
foot/foot (see Figure 7-12 nd Pl te 3-7) . The h nnel will e onstru ted in regr ded m teri ls
nd will e ripr pped to provide st le stre m se tion. To h ndle this event, the h nnel will

h ve m ximum flow depth of 0.36 feet nd m ximum velo ity of 5 .79 fps . The h nnel depth
is pl nned to e minimum of 1 foot, resulting in free o rd of 0 .68 feet. Ripr p with medi n
di meter of 0.5 foot will e inst lled to enh n e long-term erosion prote tion . M teri l gr d tion
for this ripr p is presented in T le 7-6. A s nd filter l nket will e inst lled ene th the ripr p
s indi ted in Appendix 7-4 nd Figure 7-12 .

Re l m tion h nnel RD-2 will re eive flow from the 358.2 re pper Jewkes Creek dr in ge .
The re l imed h nnel will e ompound h nnel to provide h nnel st ility nd ssist in
est lishment of the rip ri n/wet me dow veget tive ommunity whi h urrently exists long
portions of Jewkes Creek. The se h nnel will e tr pezoid l in sh pe nd will e onstru ted
with n 8-foot ottom width, 2H :1 sideslopes, nd h nnel slope of 0 .013 to 0.087 foot/foot
(see Figure 7-12 nd Pl te 3-7) . Pe k flow for this low flow h nnel, sed on the 100-ye r, 6-
hour event, is 19 .75 fs . The h nnel will e onstru ted in regr ded m teri ls nd will e
ripr pped to provide st le stre m se tion . To h ndle this event, the h nnel will h ve
m ximum flow depth of 0 .65 foot nd m ximum velo ity of 6.06 fps . The h nnel depth is
pl nned to e 2.0 feet deep, resulting in free o rd of 1 .35 feet. A ording to Appendix 7-4, the
h nnel will e lined with ripr p whi h will h ve medi n di meter of 0 .5 foot, with m teri l

gr d tion s presented in T le 7-6. A s nd filter l nket will e inst lled ene th the ripr p s
indi ted in Appendix 7-4 nd Figure 7-12 .

Two pro edures will e implemented during re l m tion to ssist . in the re-est lishment of
rip ri n/wet me dow veget tion long Jewkes Creek . First, following inst ll tion of the filter

l nket nd the ripr p, soil will e worked into the voids of the ripr p using the u ket of
khoe. The purpose of this soil will e to provide growth medium for the seeds nd seedlings

th t re pl nted in the h nnel during reveget tion .
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figure 7-12
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Se ond, loose-ro k he k d ms will e inst lled t the lo tions indi ted on Pl te 3-7 in
ord n e with Figure 7-12 . These he k d ms h ve een designed in ord n e with the

pro edures outlined y Heede (1976) s indi ted in Appendix 7-4 nd will use n tur lly-
o urring sediment in the stre m to e deposited in the re l imed h nnel. As noted in Appendix
7-4, the ro k used in the he k d ms will h ve medi n di meter of 9 in hes, whi h size h s
een found y Heede (1976) to e st le under onditions simil r to those t the Horizon site . This

deposited sediment will provide n ddition l soil se for re-est lishment of the rip ri n/wet
me dow veget tion nd will lso provide ross se tion whi h is more typi l of th t whi h
urrently exists . Nonetheless, should m jor storm event o ur, the underlying se h nnel will

provide long-term prote tion g inst ex essive erosion .

The he k d ms h ve een designed with spillw y th t is p le of p ssing the pe k flow
resulting from the 10-ye r, 6-hour pre ipit tion event . Dis h rge in ex ess of th t event will flow
onto the dj ent flood pl in. By spre ding this flow, moisture will e provided to the rip ri n/wet
me dow veget tion to ssist in its re-est lishment . D t in luded in Appendix 7-4 indi te th t
the soil in the flood pl in will e erosion lly st le during runoff resulting from the 100-ye r, 6-hour
r inf ll event.

The width of the re l imed flood pl in will e t le st equ l to th t of the urrent rip ri n/wet
me dow veget tion ommunity, s defined on Figure 2 of Appendix 9-2 . The pl nned width of
the re l m tion flood pl in is indi ted on Pl te 3-7. Che k d ms will e inst lled within the flood-
pl in se tions s indi ted on Pl te 3-7. Even though the l ul tions provided in Appendix 7-4
indi te th t the flood pl in soils will e erosion lly st le, tempor ry jute m tting will e inst lled
in these flood pl in re s to provide ddition l prote tion for the seeds until veget tion is
est lished .

The flood pl in of h nnel RD-2 will lso e tr pezoid l in sh pe nd will e onstru ted with
typi l ottom width of 30 feet, 2H :1 sideslopes, nd h nnel slope r nging from pproxim tely
0 .013 to 0 .087 foot/foot (see Figure 7-12 nd Pl te 3-7) . Pe k flow for this flood pl in h nnel,

sed on the 100-ye r, 6-hour event, is 19 .75 fs . Allowing for the p ity of the low flow
h nnel, the flood pl in will only e required to h ndle 10.29 fs. The h nnel will e onstru ted

in regr ded m teri ls nd will e st ilized using tempor ry jute mesh erosion ontrol l nket .
This l nket will e in pl e only until the veget tion pl nting for the flood pl in m ture nd
provide n tur l prote tion . To h ndle this event, the flood pl in h nnel will h ve m ximum flow
depth of 0.19 foot nd m ximum velo ity of 3.24 fps. The velo ity is less th n the 5.5 fps
llowed for jute mesh .

Re l m tion h nnel RD-3 will re eive flow from the 551 .0 re Lower Jewkes Creek dr in ge,
elow the onfluen e of Jewkes Creek nd Port l C nyon. The re l imed h nnel will lso e
ompound h nnel. It will onsist of se h nnel nd flood pl in, with loose-ro k he k

d ms . The se h nnel will e tr pezoid l in sh pe nd will e onstru ted with n 8-foot ottom
width, 2H :1 sideslopes, nd h nnel slope r nging from pproxim tely 0.022 to 0.100 foot/foot
(see Figure 7-12 nd Pl te 3-7) . Pe k flow for this se h nnel, sed on the 100-ye r, 6-hour
event, is 30 .21 fs. The h nnel will e onstru ted in regr ded m teri ls nd will e ripr pped
to provide st le stre m se tion . To h ndle this event, the se h nnel will h ve m ximum
flow depth of 0 .71 foot nd m ximum velo ity of 7 .38 fps . The h nnel depth is pl nned to e
2 .0 feet, resulting in
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figure 7-12
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free o rd of 1 .29 feet. The velo ity is gre ter th n 5 fps, requiring ripr p prote tion . A ording
to Appendix 7-4, this ripr p will h ve medi n di meter of 0 .5 foot, with m teri l gr d tion s
presented in T le 7-6. A s nd filter l nket will e inst lled ene th the ripr p s indi ted in
Appendix 7-4 nd Figure 7-12 .

Soil will e worked into the h nnel ripr p nd loose-ro k he k d ms will e inst lled in h nnel
RD-3 s indi ted ove. The flood pl in will lso e tr pezoid l in sh pe nd will e onstru ted
with typi l ottom width of 30 feet ( ut t le st equ l to the extent of the pre-mining rip ri n/wet
me dow veget tion ommunity s defined on Figure 2 of Appendix 9-2), 2H :1 sideslopes, nd

h nnel slope r nging from pproxim tely 0 .022 to 0 .100 foot/foot (see Figure 7-12 nd Pl te
3-7) . Pe k flow for this flood pl in h nnel, sed on the 100-ye r, 6-hour event, is 30 .21 fs .
Allowing for the p ity of the low flow h nnel, the flood pl in will only e required to h ndle
15 .66 fs. The h nnel will e onstru ted in regr ded m teri ls nd will e st ilized using
tempor ry jute mesh erosion ontrol l nket. This l nket will e in pl e only until the veget tion
pl nting for the flood pl in m ture nd provide n tur l prote tion . To h ndle this event, the flood
pl in h nnel will h ve m ximum flow depth of 0 .20 foot nd m ximum velo ity of 3.99 fps .
The velo ity is less th n the 5.5 fps llowed for jute mesh .

As indi ted on Pl te 3-7, no he k d ms will e inst lled in the middle portion of the h nnel RD-
3. This se tion is urrently n rrow nd the re l m tion pl n seeks to re-est lish the rip ri n/wet
me dow veget tion in this re t width whi h is indi tive of urrent onditions . Only the se
h nnel will exist in this se tion, wherein the est lishment of rip ri n/wet me dow veget tion will
e enh n ed y working soil into the ripr p s indi ted ove .

Sediment Control . To minimize the hydrologi imp ts of the re l m tion work, Horizon ommits
to onstru t the re l imed stre m h nnels ommen ing t the upstre m end of e h h nnel .
Horizon Co l Corpor tion proposes to employ the following ltern tive methods during re l m tion
to ontrol sediment :

1 . Silt fen es
2. Surf e ripping, po king, nd deep gouging
3. Mul hing
4. Str w- le dikes
5. Seeding
6. Reseeding re s th t do not exhi it su essful germin tion

The pproxim te lo tions of silt fen es to e inst lled during the re l m tion period re indi ted
on Pl te 7-7 . The fen es will e inst lled p r llel to the ontours with the ends of the fen es
turned up perpendi ul r to the ontours to ont in the sediment . Silt fen es will e inst lled in

ord n e with Figure 7-5 . The filter f ri will e inst lled g inst supportive king . To
prevent sediment runoff from p ssing under the fen e, the f ri will e se ured y urying the
ottom edge in sm ll tren h long the length of the fen e . In ddition silt fen es or str w- le

dikes will e inst lled in ro dside dit hes immedi tely downstre m from the distur ed re .

pon ompletion of the redistri ution of the soil (Se tion 8.8), the re l imed re will e seeded
s outlined in Ch pter 3 .
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Erosion ontrol during nd following re l m tion will e ssisted y the ddition of veget tive
mul h nd erosion- ontrol m tting, s indi ted in Se tion 3.5.5 of this permit ppli tion .
Erosion- o ntr l m tting will e inst lled on ll slope steeper th n 2 1/2H :1 (see Pl te 7-7 ) . The
mul h or m tting signifi ntly redu es the mount of sediment yield from n re (Simons, et . l .,
1983) The mul h or m tting lso helps ret in moisture to llow for seed germin tion .

Prior to ommen ing with re l m tion, spe ifi tions reg rding the spe ifi erosion ontrol m tting
whi h is proposed for inst ll tion will e su mitted to DOGM for pprov l s one of the Best
Te hnologies Currently Av il le . Horizon will inst ll ll erosion ontrol m tting in ord n e with
m nuf turer's instru tions .

An ev lu tion of the effe tiveness of the re l m tion sediment- ontrol me sures outlined ove
is provided in Appendix 7-4 . This ev lu tion omp red the sediment produ tion from the
re l imed surf e ssuming :

•

	

B re Surf e
•

	

B re, Ripped Surf e
•

	

Ripped nd Mul hed Surf e
•

	

Ripped nd Mul hed Surf e with Silt Fen es

The sediment produ tion from these surf es w s omp red to the sediment produ tion expe ted
from the re l imed surf e with n est lished veget tive over required for ond rele se. The
nivers l Soil Loss Equ tion w s used to m ke these omp risons. A ording to this omp rison,

the proposed ltern tive sediment ontrol me sures will tu lly provide etter erosion ontrol
th n the ontrol pl nned for the Ph se II re l imed/reveget ted surf e . This level of prote tion
justifies remov l of the sediment pond . On e the sediment pond is removed nd the low flow
h nnel onstru ted, the rip ri n h it t/veget tion n e est lished. Therefore, the ltern tive
me sures re onsidered to n e dequ te repl ement for the sediment tion pond .

Sediment Control Monitorinq nd M inten n e . The ltern tive sediment ontrols onstru ted
during re l m tion will e inspe ted monthly nd fter every m jor storm event . Required rep irs
will e implemented immedi tely to prevent future sediment ontri utions to the m in stre m
h nnel .

Corre tive tion will onsist of rep iring, repl ing, or dding silt fen es s ne ess ry, repl ing
str w les, lo lized regr ding of the ground surf e s ne ess ry to fill in gullies used y
erosion, nd reseeding nd mul hing to reest lish veget tion. Soil m teri l tr pped y sediment
ontrol me sures th t is not used in rep iring the site will e removed nd disposed of in n
pproved re .
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Flooding or stre m flow lter tion .

These potenti l imp ts re dis ussed in the following se tions of this permit ppli tion .

7.3.2 PHC Determin tion

Sediment Yield . In ord n e with St te nd Feder l regul tions, runoff onvey n e nd
sediment tion ontrol pl n h s een developed whi h mitig tes the imp ts of mining oper tions .
Surf e runoff origin ting upon or tr veling ross distur ed re s will e diverted into
sediment tion pond whi h will improve w ter qu lity nd de re se pe k flows .

Although some surf e w ters re tempor rily diverted out of their origin l h nnels, they shortly
there fter re-enter the m in h nnel nd ontinue their ourse downstre m h ving experien ed
little over ll modifi tion. Distur ed w ters exiting the sediment tion pond will re-enter the n tur l
downstre m dr in ge system .

The potenti l imp t of onstru tion, mining, nd re l m tion on sediment yield is n in re se in
suspended sediment in the surf e w ters downstre m from the distur ed re . However,
sediment- ontrol me sures (su h s sediment tion pond, diversions, silt fen es, str w- le dikes,
et .) will e utilized during onstru tion, oper tion, nd re l m tion ph ses (Se tion 7.2) to
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7.3 Pro le Hydroloqi Consequen es

The Pro le Hydrologi Consequen es (PHC) of the proposed Horizon No . 1 Mine re herein
determined s per t h Co l Mining Regul tion R645-301-728 .100 nd R645-301-728 .200 .
B seline geologi inform tion is presented in Ch pter 6 . B seline hydrologi inform tion is
presented in Se tions 7.1 nd 7.2 .

7.3 .1 Potenti l Imp ts to Surf e nd Groundw ter

Potenti l imp ts of o l mining on the qu ntity nd qu lity of surf e nd groundw ter flow m y
in lude :

0 In re sed sediment yield from distur ed re s ;

0 Diminution of springs in per hed quifers overlying the mine re ;

0 De re sed v il ility of groundw ter in the region l quifer system ;

0 Imp ts on surf e nd groundw ter v il ility due to su siden e ;

0 Hydro r on ont min tion due to spills or le ks ;0
0 Cont min tion of surf e nd groundw ter from ro d s lting ;
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minimize the imp t th t ould result from elev ted TSS on entr tions . These f ilities will e
regul rly inspe ted (see Se tion 7.2) nd m int ined s outlined in the permit nd DOGM
regul tions .

Imp ts to the Per hed Aquifer System . The hydrologi d t presented in Se tion 7 .1 indi te
n sen e of signifi nt per hed quifers within the Bl kh wk Form tion overlying the o l to
e mined . The geology of the re nd the o urren e of springs in the Bl kh wk Form tion

(Se tion 7 .1) indi te the presen e of sm ll, l ter lly dis ontinuous per hed quifers in the
Bl kh wk. These sm ll per hed quifers within or dj ent to the mine pl n re m y e
imp ted s result of mining rel ted su siden e . These w ter sour es will e monitored s
dis ussed in Se tion 7.1 .

The per hed quifers of the Bl kh wk Form tion h r teristi lly produ e w ter from h nnel
s ndstones ounded y impervious sh le eds t their ses. If su siden e fr tures do interse t
these per hed quifers, l y miner ls ont ined within these sh le eds will likely se l the fr ture
pl nes. Se ling of the fr ture pl nes m y llow spring dis h rge to ontinue uninterrupted .

A ording to the Cumul tive Hydrologi Imp t Assessment prep red for the re y DOGM
(1989), "Su siden e imp ts re l rgely rel ted to extension nd exp nsion of the existing
fr ture system nd upw rd prop g tion of new fr tures ." erti l nd l ter l migr tion of w ter
is p rti lly ontrolled y fr ture onduits . Potenti l h nges in lude in re sed flow r tes long
fr tures nd diverting flow long new fr tures or within perme le lithologies . Su surf e flow
diversion m y result in diminution nd/or loss of flow to springs th t re undermined .

Retre t mining lso results in uniform downw rping nd lowering of str t ove the mined
interv l. This uniform downw rd movement is gener lly not omp nied y signifi nt degree
of fr turing. As result, the origin l ttitude nd integrity of the str t re m int ined . Little
imp t on the per hed quifers of the over urden re expe ted to result from downw rping .

The pro le onsequen es of mining on the hydrologi resour es sso i ted with per hed
quifers re onsidered minim l due to : 1) sm ll num er of springs, 2) low nd/or err ti spring

flow, 3) sen e of muni ip l w ter use rights, 4) w ter loss experien ed t one lo tion m y e
omp nied in n in re sed flow t nother lo tion, nd 5) possi le se ling of su siden e

fr tures y l y miner ls .

Imp ts to the Reqion l Aquifer System . As previously dis ussed (Se tion 7.1), it is nti ip ted
th t the o l in the Horizon No . 1 Mine will e s tur ted essenti lly from the eginning of mining .
The potenti l inflow to the Horizon No . 1 Mine workings w s estim ted using methods presented
y Lines (1985), who modeled the imp ts of o l mining on groundw ter onditions in the Tr il

Mount in re lo ted in the s t h Pl te u pproxim tely 20 miles south-southwest of the
proposed Horizon No . 1 permit re . From
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this modeling effort, Lines (1985) presented estim tes of mine inflow for v rious lengths nd
widths of mine workings s well s v rious hydr uli gr dients. These estim tes re presented
in Figure 7-13 .

Currently, the proposed workings within the permit re re nti ip ted to h ve width of
pproxim tely 1,500 feet nd length of out 4,000 feet. The m ximum future potenti l mine

workings m y extend over width of 4,000 feet nd length of 8,000 feet .

The pre-mining hydr uli gr dient in the permit nd dj ent re s is 0 .014 ft/ft, sed on the d t
presented in Figure 7-2 . This hydr uli gr dient is lower th n the lowest v lues presented in the
n lysis of Lines (1985) on Figure 7-13. Hen e, the d t presented in Figure 7-13 were utilized

to prep re urves of inflow versus hydr uli gr dient, sed on the mine dimensions nti ip ted
t the Horizon No. 1 Mine. These urves re presented in Figure 7-14 .
The urves presented in Figures 7-13 nd 7-14 re sed on ssumed hydr uli ondu tivities
of 0.01 ft/d y for the Bl kh wk Form tion nd 0.02 ft/d y for the St r Point S ndstone, whi h
v lues re pproxim tely one order of m gnitude lower th n th t for unfr tured edro k within
the permit re (see Se tion 7.1 .2.2) . A ording to Lines (1985), if the hydr uli ondu tivity is
one order of m gnitude higher th n the v lues ssumed for Figure 7-13, the estim ted ste dy-
st te inflow to the mine will e one-order of m gnitude l rger th n th t predi ted y Figure 7-13
( nd Figure 7-14). Hen e, utilizing ver ge hydr uli ondu tivities of 0 .2 ft/d y for the St r Point
S ndstone nd 0.1 ft/d y for the Bl kh wk Form tion, the potenti l groundw ter inflow to the
Horizon No . 1 Mine w s estim ted to e 0 .08 fs (10 times the v lue predi ted y Figure 7-14, or
36 gpm) under urrent pl ns. Potenti l future exp nsion of the mine workings m y in re se this
inflow to 0.20 fs (90 gpm) . Hen e, inflow to the mine workings during the initi l nd future permit
terms n e expe ted to e in the r nge of 36 to 90 gpm .

As indi ted in Appendix 7-9, ver ge w ter us ge for the mining oper tion (underground nd
surf e) will e pproxim tely 30,888 g llons per d y (21 gpm). Of this, 21,256 g llons per d y
(15 gpm) will e used underground nd the rem inder (6 gpm) will e used in surf e oper tions
(ro d w tering, shop use, thhouse, et .) . The w ter whi h is used underground is not
onsidered onsumptive use, sin e it will rem in with the o l or seep k into the ground .

Therefore, of the 21 gpm w ter use requirement for mining oper tions, only 6 gpm is onsidered
onsumptive use. Addition l onsumptive use eyond th t ounted for in Appendix 7-9 will

o ur with w ter th t is removed from the mine s moisture in the o l nd th t whi h is lost to
ev por tion in the mine ventil tion system .

B sed on n ver ge moisture ontent of 7.99 per ent in the Hi w th o l se m ( s noted in
Se tion 6.5.6) nd m ximum produ tion of 700,000 tons per ye r ( s noted in Se tion 3.3.6.1),
pproxim tely 41 re-feet per ye r (25 gpm) of groundw ter will e removed in the o l. D t

presented in Appendix 7-9 indi te th t the net loss of w ter y ev por tion due to mine
ventil tion will e pproxim tely 6 gpm (10 re-feet per ye r). Hen e, the tot l onsumptive loss
to the hydrologi system will e 37 gpm (6 gpm for surf e onsumptive uses, 25 gpm s moisture
in the o l . nd . 6., m . s . .e . . . . .o. .r tio. .e .loss. .in. .thee mine ventil tion. systqm. .7 . .tQt I . .of 60 re-feet
er e r

	

i

ith n ver ge inflow of
36 m nd nn ver e onsumptive use of 37 gpm during the initi l permit term, it is likely th t. . .,

roundw ter will :. e. dis h r ed.,from.,min.e . ,durin ,th.e.,initi l . e.rmit.:term .

However, under the exp nded onditions nti ip ted in the future, . . :::::::'.; pproxim tely :: .;:: : : m.
of w ter m y e dis h rged from the mine during ver ge oper ting p
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figure 7-13
figure 7-14
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FIG RE 7-13 . PREDICTED MINE- ATER INFLO AS A F NCTION OF MINE
LENGTH.
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During e rly 1998 qu ntities of w ter gre ter th n previously expe ted were en ountered while
mining . Due to del y in issu n e of dis h rge permit for Outf ll 002, in-mine w ter will e
dis h rged to the sediment pond . Flow qu ntities nd potenti l hydrologi imp ts will e
ssessed s ddition l d t is olle ted .

It should e noted th t the ove estim tes ssume th t groundw ter inflow to the mine workings
will o ur prim rily s result of porous-medium flow r ther th n fr ture flow . Histori lly, l rge
mounts of the Hi w th Co l se m h ve een mined out to the southwest of the proposed

permit re y Sweet Co l Comp ny's Sweet Mine, Blue Bl ze Comp ny's No. 1 Mine, N tion l
Co l Comp ny's No . 1 Mine, nd Be ver Creek Co l Comp ny's No. 3 Mine . B sed on review
of mine re ords (Sk ggs, 1992), m ny f ults h ve een mined through in the Hi w th se m with
only insignifi nt/minor mounts of w ter eing en ountered .

Only one f ult h s produ ed signifi nt qu ntities of w ter when mined through. This f ult lies
in the e st portion of the permit re nd w s interse ted in mining of the Be ver Creek Co l
Comp ny No. 3 Mine . Inflows of pproxim tely 400 gpm o urred when this f ult w s
en ountered (Sk ggs, 1992) . This f ult will e lo ted nd voided when mining the proposed
Horizon No. 1 Mine y ev lu ting mine m ps from the Be ver Creek No . 3 Mine nd, if ne ess ry,
y periodi lly drilling horizont lly from the Horizon No . 1 workings into the f ult zone .

7-74



Ch pter 7, Hydrology
Hidden Splendor Resour es, In .

. . . . . . . . . . . .

Surf e m pping nd mining experien e in the overlying C stleg te "A" se m within the permit
re indi te th t fr turing within the permit re is not signifi nt . Therefore, the previous.

estim tes.of. :potenti l groundw ter inflow r tes to the mine workings re onsidered dequ te f ir

r 1.

R . 4 R 4 Qf' 9 4

N

Y' ;. . -

	

Y q

	

4

As noted in Se tion 7.1 .4 of this permit ppli tion, groundw ter whi h is en ountered
underground nd onsumed in the mining oper tion will e used in ord n e with w ter right
num er 91-330 . ter needed to oper te the mine equipment will e derived from spring whi h
is overed y w ter rights 91-94 nd 91-353. These rights h ve een le sed y Hidden Splendor
Resour es, In . .
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Imp ts to the Hydrologi S. stem Resultin_ . . .F.rom . . .Su. s.ide.n. e, . . . .As . .rt . .ted . . .in . . . e tion .3.3.2 .2
stre m uffer zones will not e m int ine

	

: ::u er.. .	:	: . . . :	.... . . .. .. . . . ..: . : . ..,.. . : . . ..::. :. :

	

A ording o Gentry

	

nd A el:.
topogr phi lows (e.g., stre m h nnels) tend to e prote ted y upw rping of dj ent slopes
during su siden e. Therefore, mining-indu ed surf e fr tu.ring...should.::: e . . very;limited . ., or
nonexistent within the Be ver .Creekmstre m. h nnel, re	r

result of sediment tion .

2
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It is lso not nti ip ted th t su siden e will signifi ntly ffe t springs within the permit nd
dj ent re s . on S honfeldt et l. (1980) found th t uniform su siden e "r rely uses

pro lems to renew le resour es su h s quifers.,. .stre ms,:.: nd r n h l nds." Sin e se ond
mining will o ur uniformly ross the permit re . - m P - m - . , e' the resulting su siden e
should lso e uniform, minimizing the potenti l imp ts to overlying springs .

As noted in the Cumul tive Hydrologi Imp t Assessment, mining in the re dj ent to the
proposed Horizon permit re h s not resulted in hydrologi imp ts due to su siden e. Given
the l k of extensive quifer systems in lithologi units th t overlie the o l within the permit nd
dj ent re s, it is not nti ip ted th t groundw ter will e signifi ntly ffe ted y su siden e .

Thus, su siden e used s result of mining y Hidden Splendor Resour es, In . should not
use signifi nt surf e or groundw ter imp ts within the permit or dj ent re s .

Potenti l Hydro r on Cont min tion, . Diesel fuel, oils, gre ses, nd other hydro r ons produ ts
will e stored t the mine site . Diesel fuel will e ont ined in ove-ground t nks . Diesel fuel
m y spill during filling of the stor ge t nk, le k ge of the t nk, nd filling of vehi le t nks .
Hydro r ons m y e spilled during use in surf e nd underground tivities .

The extent of ont min tion y spill ge of hydro r ons will likely e sm ll sin e stor ge t nks
will e lo ted ove-ground nd thus le k ge n e re dily dete ted nd ted . Furthermore,
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nd spill ge of hydro r ons during filling of the t nk nd mine vehi les will e minimized to void
loss...of:: n e onomi lly v lu le produ t, nd the fuel stor ge re will e surrounded y

i

	

en losure of suffi ient size to ont in fuel spill if the t nks were to rupture . In the event. . . . . . . . .
of fuel or hydro r on le k or spill, Hidden Splendor Resour es, In . will te the pro lem in

ord n e with the Spill Prevention, Control, nd Counterme sure Pl n (see Appendix 7-10) .
A sor ent m teri ls will e kept within e sy ess for the purpose of spill le n up nd ontrol .

d
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Ro d S lting . The ess ro d to the mine is gr vel ro d m int ined y the ounty. P ving of
the ro d is not expe ted. Sin e the ro d is to rem in gr vel, the likelihood of ro d s lting is
extremely sm ll. As result, the likelihood of ro d s lting imp ting w ter qu lity is very remote .

Imp ts to ter Qu lity . D t presented in Appendix 7-3 indi te th t the ver ge TDS
on entr tion of the surf e w ter me sured t st tion SS-3 (immedi tely downstre m from the
proposed surf e f ilities) is 427 mg/I, with st nd rd devi tion of 122 mg/I. The l ul ted 95-
per ent onfiden e interv l for the ver ge on entr tion is 407 to 447 mg/I, sed on the
histori l re ord .

As noted in Se tion 7 .1 .3, w ter st nding in the old mine workings of the Blue Bl ze No . 1 Mine
h s TDS on entr tion whi h h s een me sured t 414 to 452 mg/I . These v lues re
pproxim tely within the 95-per ent onfiden e interv l r nge of the me n l ul ted for st tion

SS-3. Hen e, ssuming th t w ter must e dis h rged from the mine workings, the s linity of the
surf e w ter should not e dversely imp ted y the s linity of the underground w ter.

It is urrently nti ip ted th t l ium- r on te ro k dust will e used in mining oper tions
r ther th n l ium-sulf te ro k dust . Sin e surf e nd groundw ter within the permit nd
dj ent re s is h r terized s l ium i r on te type, h nges in the gener l hemi l
h r ter ;sti s of w ter in the re should not o ur if w ter from the mine seeps into the dj ent
groundw ter or under the ondition th t w ter is dis h rged from the mine to surf e w ter
resour es.

North Fork Gordon Creek flows ross the M n os Sh le immedi tely downstre m from the mine
re . Sin e the M n os Sh le is gypsiferous form tion, sulf te nd TDS on entr tions

n tur lly in re se s the surf e w ter ont ts this form tion ( ddell et . l., 1981) . Thus,
in re ses in TDS on entr tions downstre m from the surf e f ilities, if they o ur, will more
likely result from n tur l onditions r ther th n mining imp ts .

It is nti ip ted th t w ter will e dis h rged from the mine workings to the surf e during the
initi l permit term . As mining progresses during future permit terms, ddition l w ter will likely e
pumped from the mine . As lso noted ove, the mine w ter is nti ip ted to h ve TDS
on entr tion whi h pproxim tes th t of the surf e w ter immedi tely downstre m from the

proposed surf e f ilities .

If the ex ess groundw ter en ountered in the mining oper tion w s llowed to flow n tur lly r ther
th n eing dis h rged from the mine, this w ter would flow n tur lly downgr dient nd eventu lly
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3 . The flow routing th t o urs through the sediment ontrol devi es redu es pe k
flows from the distur ed re s. This pre ludes flooding imp ts to downstre m
re s .

Following re l m tion, stre m h nnels will e returned to st le st te, thus minimizing
detriment l effe ts th t m y result from flooding .

7.4 Alluvi l lley Floor Determin tion

A re onn iss n e investig tion of the permit nd dj ent re s w s ondu ted to deline te
lluvi l deposits whi h might e onsidered to e lluvi l v lley floors . Identifi tion of lo tions

where un onsolid ted stre m-l id deposits o ur w s performed using surfi i l geology nd soils
m ps of the re . Further, field re onn iss n e nd n n lysis of eri l photogr phs of the mine
permit nd dj ent re s were ondu ted . Lo tions of stre m-l id deposits thus identified re
the s me s those identified on Pl te 6-1 s Q l (Re ent Alluvium) nd Qo (Older Alluvium) .

From geomorphi st ndpoint, the rugged mount inous terr in of the permit nd dj ent re s
h s resulted in dr in ges still in youthful st ge of development. The stre ms re onfined in
n rrow, steep-sided, -sh ped v lleys with steep h nnel gr dients . Me nders norm lly

-1 . .J . . . ;0, A % !r .-I .. . .~I	w	~i r.r~ .~{nL~r • --+

	

- L . . .

	

-1 .1 . 1 1 ^ ,.1 :
e ..~vvv.u~v~w IkiI i % v i %A %ovv~v~diII I II. uI
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.

Inform tion presented on Pl te 6-1 indi tes th t lluvi l deposits exist in the permit nd dj ent
re s long Be ver Creek, North Fork Gordon Creek, nd Jewkes Creek, s well s short

dist n es into tri ut ries of the ove dr in ges . Alluvi l deposits long Be ver Creek exhi it
minor stre m me ndering nd ont in numerous e ver ponds. Some of the stre m-l id deposits
long Be ver Creek, p rti ul rly t the mouths of sm ll tri ut ry nyons, ppe r to e de ris

flows. Soils in the v lley exhi it lo lize signs of eing flooded or w ter logged during field visit
to the site .

Alluvi l deposits were lso identified t the mouth of Jewkes Creek nd long North Fork Gordon
Creek. The lluvi l deposits t these lo tions re elow the o l out rop nd thus, ould not e
dire tly imp ted y mine su siden e. The soils investig tion showed the upper re hes of the
lluvi l deposit long Jewkes Creek nd North Fork Gordon Creek to e distur ed nd onsisting

of out 90 per ent fill m teri l (i .e ., from ro d uts nd o l w ste). In luded in the re re
sm ll re s of P tmos nd Podo soils s well s re s of ro k out rops . Even efore distur n e,
this re h d limited r nge nd wildlife p ility . The v lley floor is quite n rrow long these
re hes .

Agri ultur l developments re not found long North Fork Gordon Creek, Be ver Creek, or their
tri ut ries in the permit nd dj ent re s . The gri ultur l potenti l of the v lley floors in the
re is limited y the soil p ility nd the short growing se son . The n rrow v lleys re

o upied y the stre m nd the ro d nd oth re k up the n rrow v lley so th t development
of h y me dows or improved p sture is impr ti l .

The v lley floor long Be ver Creek, North Fork Gordon Creek, nd their tri ut ries would e
in p le of supporting gri ultur l tivities without proper dr in ge . Even with dequ te
dr in ge, gri ultur l development would e restri ted to gr sses nd p sture e use of the high
elev tions nd short growing se sons . Hen e, given the extensive prior distur n e in the
proposed distur ed re , the n rrowness of the v lleys, nd lim ti onditions in the re , the

7-79



Ch pter 7, Hydrology
Hidden Splendor Resour es, In .

	

M y 2004

stre m-l id deposits in the permit nd dj ent re s re not onsidered to e lluvi l v lley
floors. This on lusion is supported y the opinion of Mr. T . B. Hut hings, St te Soil S ientist with
the .S. Soil Conserv tion Servi e (see Appendix 7-6) .
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Introdu tion

nderground o l mining h s een sso i ted with dverse environment l imp ts e use

of su siden e. Su siden e n use loss of produ tive l nd (Guither, 1986), d m ge to

underground pipelines (Hu k et l., 1986) nd ove ground stru tures (K neshige, 1971),

de re sed st ility of slopes nd es rpments (She -Al in, 1992), ont min tion of groundw ter
y id dr in ge (Emri h nd Merritt, 1969), nd dew tering of stre ms (Cifelli nd R u h, 1986 ;

Dixon nd R u h, 1990) nd groundw ter supplies (Stoner, 1983 ; M teti nd Trevits, 1992) .

One of the m jor on erns reg rding the longw ll mining of o l is the effe t on

hydrologi onditions. Surf e nd su surf e r king sso i ted with mining su siden e n

lter nd re te preferenti l flow p ths, thus using dew tering nd rerouting of surf e w ter
nd groundw ter (M ther et l., 1969; Sells et l., 1992). M ny of these effe ts re short-term
ut nne r to he dependent on the h r teristi s of the nverNirden ( hit_t_ ker et t 1070)

Studies in App l hi h ve shown th t loss of w ter w s mu h less nd stre mflow re overed
within one ye r when mixed sediment ry over urdens were t le st 500 ft (152 m) in depth

(Tiem n nd R u h, 1987; Dixon nd R u h) 1990) . Of the more th n 70 referen es to

hydrologi imp ts of underground o l mining re ently ompiled y K dnu k nd Fejes (1994)

only two were from the western st tes. These two studies represent overviews nd modeling

efforts nd present no new field d t . R ther r pid losure of surf e tension r ks h s een
me sured t undermined sites in the s t h Pl te u (DeGr ff nd Romes urg, 1981), thus

indi ting th t this region m y respond differently to su siden e th n other lithologies .

Another potenti l imp t on surf e dr in ges in steep terr in is the lter tion in h nnel

nd dr in ge morphology resulting from su siden e. Su h h nges ould ffe t h nnel erosion,
sediment delivery nd routing in stre ms, nd rip ri n h it t . hile spe ul tion exists

on erning su h morphologi h nges sso i ted with su siden e, these imp ts h ve not een
su st nti ted in ontrolled studies .

1
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This study w s initi ted in 1992 in ooper tion with t h Fuel Comp ny nd the M nti-
L S l N tion l Forest to ddress the effe ts of longw ll mining nd rel ted su siden e in the

s t h Pl te u on hydrology, h nnel ondition nd h it t h nges in perenni l nd

intermittent re hes of mount in stre m. The initi l ph se of this study will ontinue through
1997 to ssess the umul tive effe ts of longw ll mining oriented pproxim tely perpendi ul r to
the stre m h nnel nd pro eeding in downstre m dire tion. Interim reports overing the

results of this study were su mitted in Fe ru ry 1993, M r h 1995 nd M y 1997 . This fin l

report upd tes the e rlier reports nd ont ins results thru 1997 .

Site Conditions

The Skyline Mine is lo ted in the pper Huntington Creek dr in ge on the M nti-L S l
N tion l Forest out 27 miles e st of Pri e, t h (Figure 1) . Huntington Creek flows into
Ele tri L ke just downstre m of the mine nd eventu lly dis h rges into the S n R f el River,

p rt of the Color do River B sin . Mu h of the urrent mining tivity is in the upper o l se m

under Burnout C nyon. The next nyon south of Burnout is J mes C nyon. Both J mes nd

Burnout C nyons re predomin ntly west f ing. Only very minim l mining will o ur under

J mes C nyon nd this should not use ny su siden e ne r the stre m h nnel. Thus J mes

Creek n e used s n un li r ted ontrol in our investig tions . The entire dr in ge re s of
Burnout nd J mes C nyons re 1,166 nd 1,075 res respe tively. Surf e elev tion in the re

r nges from 8,575 to 9,860 feet (2,614 to 3,005 m). Two nd possi ly three extr t le o l

se ms exist in the Bl kh wk Form tion t depths of 600 to 800 feet (183 to 244 m) . The

form tion is omposed of m rine sediment ry ro ks, s ndstones nd mudstones. Bedro k dips to
the west nd numerous springs dis h rge from the west f ing slopes of Burnout nd J mes

C nyons. The entonite sso i ted with the mudstones of the form tion imp rts swelling

h r teristi to the lithology, thus most tension r ks in this re tend to lose quite r pidly .
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Figure 1 . Gener l lo tion of the Skyline Mine in entr l t h
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Six p nels of o l re proposed to e mined in the upper o l se m under Burnout

C nyon. These re ll oriented pproxim tely perpendi ul r to the stre m h nnels (either the

m in re h of Burnout Creek or the South Fork) nd o l extr tion in e h p nel t kes out

one ye r (Figure 2) . Mining st rted t the top of the w tershed (p nel 5L) in 1991 nd o l from

p nels 6L nd 7L were removed during 1992-1993 nd 1993-1994, respe tively . P nel 8L w s

mined in 1995-'96 nd p nel 9L lso in 1995-'96 . P nel 10L will not e mined . The omp ny

now pl ns to initi te mining in the se ond se m of o l st rting from the top of the dr in ge nd

progressing downslope. Approxim tely 2 million tons of re over le o l re lo ted in the

se ms elow Burnout C nyon.

4

Figure 2. M p of Burnout C nyon showing the lo tions of do umented ross-se tions in

rel tion to longw ll mining p nels. (Note : the d rkened re s re support w lls etween mined

p nels.)
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Me n nnu l pre ipit tion is 30 to 35 in hes (762 to 889 mm) with mu h of the

pre ipit tion o urring s winter snowf ll. The snowp k is typi lly t m ximum in e rly

April. Aver ge w ter equiv lent in the snowp k on April 1 is 21 .5 in hes (546 mm) ording to

the M mmoth Cottonwood SNOTEL st tion t 8,800 feet (2,682 m) . This st tion is lo ted

pproxim tely 4 miles northwest of the mouth of Burnout C nyon. R inf ll from M y through

Septem er is 7 to 10 in hes (178 to 254 mm) e h ye r (Jeppson et l ., 1968) . Pe kflows in these

dr in ges re used y pe k snowmelt, episodi , onve tive summer storms or front l storms .

Feder l Co l Le se L ws nd the M nti-L S l's Forest Pl n st te th t the hydrology of

perenni l stre ms must e prote ted from ny imp ts of underground mining . Thus, t h Fuel

Comp ny is required to monitor the effe ts of o l mining on su siden e nd hydrology nd to
prevent su siden e th t would d m ge or su st nti lly redu e flow in perenni l stre ms . p until
now it h s een the Forest's poli y not to llow mining under perenni l h nnels. The long-term

findings of this ooper tive investig tion will h ve ppli tion to future longw ll o l mining in
the s t h Pl te u whi h ont ins n estim ted 6.4 illion tons of o l reserves. The Skyline

Mine is one of the l rgest underground o l produ ers in the .S . nd it ontri utes su st nti lly

to the e onomy of Pri e, t h, nd the surrounding re .f

Methodology nd Instrument tion

Do umented h nnel ross-se tions were surveyed with n engineer's level t v rious
lo tions long oth Burnout nd J mes Creeks in 1992, 1993, 1994, 1995, 1996 nd 1997

(H rrelson et l ., 1994) (Pl tt et l., 1983) . Cross-se tions in Burnout Creek were lo ted in sets

orresponding to the zones of m ximum su siden e ( ompression) nd m ximum tension over

e h longw ll p nel . A typi l su siden e profile whi h indi tes the zone of m ximum

su siden e or ompression (ne r the middle of e h p nel) nd the zones of m ximum tension

(ne r the infle tion points long the su siden e profile) is shown in Figure 3 .
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Figure 3 . A typi l su siden e profile showing the lo tions of m ximum su siden e nd

m ximum tension ove e h longw ll p nel nd respe tive do umented ross-se tion p nels .

Burnout Creek flows pproxim tely perpendi ul r to longw ll p nels 7L, 8L, 9L, nd IOL

(Figure 2). Ten ross-se tions were monitored for e h of these p nels : 5 in the region of

m ximum su siden e nd 5 in the region of m ximum tension . Stre m re hes ove p nel 5L

nd 6L were not ne ess rily oriented perpendi ul r to the underlying p nels, thus, five tension

zone ross-se tions ould not lw ys e lo ted (the l st num er on the I.D.# indi tes

su siden e/tension st tus: num ers 1-5 represent su siden e ross-se tions nd 6-10 tension

ross-se tions; see T le 1). For p nel 5L, ross-se tions were pl ed only in the zone of

m ximum su siden e sin e initi l su siden e h d lre dy o urred in th t p nel prior to the 1992

survey. T le 1 lists the 73 ross-se tions surveyed in Burnout Creek with respe t to the

underlying o l p nel. Lo tions of these ross-se tions re given in Figure 2 .

In J mes Creek, the dr in ge dire tly to the south, five do umented ross-se tions were

est lished in 1992 in e h of four stre m re hes . These four re hes were sele ted s

represent tive geomorphi units omp r le to do umented re hes in Burnout Creek. Thus,

J mes Creek serves s n un li r ted ontrol to ssess the n tur l tempor l v ri ility of

h nnel geometry . These ross se tions were inst lled to help n lyze effe ts of extreme events

(floods, droughts, et .) from effe ts of su siden e on h nnel ross-se tion l h nges in

neigh oring Burnout Creek . The 20 do umented ross-se tions re listed in T le 1 nd their

pproxim te lo tion is shown in Figure 4 .
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T le 1 . List of do umented ross-se tions in Burnout nd J mes Creeks.

--------------------------------------------------------------------------------------------------------------

Burnout Creek :

5L-A-1 6L-BI-1 6L-B2-1 7L-CI-1 SL-DI-1 8L-D2-1

5L-A-2 6L-B 1-2 6L-B2-2 7L-C 1-2 8 L-D 1-2 8L-D2-2

5L-A-3 6L-B 1-3 6L-B2-3 7L-C 1-3 8L-D 1-3 8L-D2-3

5L-A-4 6L-B 1-4 6L-B2-4 7L-C 1-4 8L-D 1-4 8L-D2-4

5L-A-5

	

6L-B1-5

	

6L-B2-5

	

7L-C1-5

	

8L-D1-5

	

8L-D2-5

6L-B 1-6

	

6L-B2-6

	

7L-C2-6

	

8L-D 1-6

	

8L-D2-6

6L-B 1-7

	

6L-B2-7

	

7L-C2-7

	

8L-D 1-7

	

8L-D2-7

6L-B 1-8

	

6L-B2-8

	

7L-C2-8

	

8L-D 1-8

	

8L-D2-8

6L-B2-9

	

7L-C2-9

	

8L-D1-9

	

8L-D2-9
/r r1 r~ n

	

-TT "

	

, n

	

n r r

	

I-

9L-E 1-1 9L-E1-6 1 OL-F 1-1 1 OL-F 1-6

9L-E 1-2 9L-E 1-7 1 OL-F 1-2 1 OL-F 1-7

9L-E 1-3 9L-E1-8 1 OL-F 1-3 1 OL-F 1-8

9L-E1-4 9L-E1-9 IOL-F1-4 1OL-F1-9

9L-E1-5 9L-E1-10 l OL-F 1-5 1 OL-F 1-10

J mes Creek :

-1 X-1 Y-1 Z-1

-2 X-2 Y-2 Z-2

-3 X-3 Y-3 Z-3

-4 X-4 Y-4 Z-4

-5

	

X-5

	

Y-5

	

Z-5

------------------------------------------------------------------------------------------------------------------
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Figure 4 . M p of J mes C nyon showing lo tion of do umented ross-se tions .
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Longitudin l profiles of oth Burnout nd J mes Creeks were surveyed e h ye r with

hip h in nd engineer's level . Survey points were t ken in the h nnel th lweg t 10 m interv ls

long the stre m. Signifi nt ki kpoints or h nnel steps were surveyed in ddition to the 10 m

interv ls. In Burnout Creek, oth the m in h nnel nd the South Fork were surveyed upstre m

of the highest elev tion ross-se tion. Sin e only intermittent stre m flow o ur in the upper

re hes of the M in Ch nnel of Burnout Creek ove 1700 m, h nnel h r teristi s were not

me sured mu h eyond this point in 1996 nd 1997. The summ ries presented here ont in only

me surements elow the 1800 m dist n e for the M in Ch nnel of Burnout .

S mples of stre m ed sediment were olle ted in every pool within Burnout nd J mes

Creeks. Pools were sele ted s the s mpling unit sin e they re the deposition l environment in

h nnels nd should most qui kly refle t tempor l h nges, espe i lly silting, rel ted to erosion,

h nnel djustment, nd flow regime. Sediment s mples were tr nsported to the l or tory where

they were dried, org ni m tter w s h nd removed, nd s mples were sieved for p rti le size

n lysis. The following p rti le size l sses were determined : <0.05 mm, 0.05 - 0 .125 mm, 0.125

-0.25mm,0.25-0 .50mm,0.5-1 .0mm, 1 .0 - 2.0 mm, 2.0 - 4 .0 mm, 4.0 - 8.0 mm, 8 .0 - 16 .0

mm, 16.0 - 32.0 mm nd >32mm. At e h me sured pool (> 0 .5 m in length), the predomin nt

form tion element (e .g ., ro k, woody de ris, nk slough) w s noted for ll ye rs prior to 1996 .

Form tion elements were not used in this report .

Dimensions of e h pool were me sured in the field so th t pool volume ould e

l ul ted. For pools lengths > 1 m, three sets of me surements were m de for e h pool for

e h ye r 1994 thru 1997 : widths nd m ximum depths ( sed on seflow onditions) t the

lower, middle nd upper portions of the pool . For these l rge pools, pool volume w s estim ted

y ver ging the ross-se tion l re s of the two h lf-ellipses th t omprise the lower nd upper

h lves of e h pool nd then multiplying this v lue y one h lf of the pool length (L/2) . Thus the

volume ( ) of the pool is omputed s :

= n/4 [L/2 ( u/2 - D u + m/2 • Dm) + L/2 ( m/2 - Dm + d/2 Dd)]

= n/16 • L • ( u • Du + 2 m - Dm + d Dd)
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where, m is the middle width of the pool, „ is the width t the upper end of the pool, d is the

width t the lower end of the pool, Dm is the depth t the middle of the pool, D„ is the depth t the

upper end of the pool, D d is the depth t the lower end of the pool, nd L is the length of the pool .

These dimensions re shown s hem ti lly in Figure 5 . For sm ll pools (> 0 .5 m nd < 1 m in

length), only mid-pool dimensions were me sured. Thus, volumes of these sm ll pools were

l ul ted s h lf of n ellipti l ross-se tion ssuming n ver ge pool length of 0 .75 m. The

minor over-estim tion in pool volume ( e use the presumed t pered "t ils" of sm ll pools would

e onsidered to h ve the s me depth A t mid-pool) would e ompens ted y the f t th t more

pools were in the upper portion of the length distri ution (> .75<1 .0 m).The formul used to

l ul te sm ll pool volume ( $) is :

S = n/2 ( /2 - D) - 0.75 m

Figure 5. S hem ti of l rge pool dimensions used in l ul ting pool volume .

A pre ipit tion stor ge g ge nd tipping u ket r in g ge were inst lled ne r the upper

divide etween J mes nd Burnout C nyons. The tipping u ket r in g ge is only oper ted

during the snow-free period ( pproxim tely June through O to er). The Comp ny lso m int ins

r in g ge t the mine site .

The Comp ny inst lled five P rsh ll flumes in v rious re hes of Burnout Creek to

monitor stre mflow during the snow- nd i e-free se sons. The 9-in h flume inst lled in the lower

10
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re h of Burnout Creek is of gre test interest in this study . This site is the s me s where pre-
mining w ter qu lity s mples were olle ted from 1981 to 1991 . In summer 1992, re order w s
inst lled t this flume. Prior to 1992, inst nt neous flow w s me sured t the time of w ter
qu lity s mple olle tion. The Comp ny lso inst lled flume in the lower re h of J mes Creek .

Ch nnel Ch r teristi s

Ch nnel fe tures were surveyed long the entire study re hes of oth Burnout nd J mes
Creeks e h ye r from 1992 thru 1997. Ch nnel units were qu lit tively l ssified s s des,
riffles, runs, glides, nd pools in pproxim te order of de re sing unit stre m power. A tot l of

out 1,700 m of h nnel w s surveyed in oth Burnout nd J mes Creeks . In n lyzing the

results from the first three ye rs of the study, it e me pp rent th t in onsisten ies rose in

distinguishing etween riffles nd runs in the field nd in pool form tion elements . Thus, in our

•v . . v -	,e__ K" ."ALJ BILL/ LI 1.3

	

L iil4iLAL l L". -A,- t,%./ 1J ",v •L L ~r~uJ~l~li~ru

s to form tion element . The h it t impli tions of runs nd riffles re very simil r therefore we

n justify om ining these h r teristi s . nfortun tely, l ssifying h nnel h r teristi s is

su je tive nd person l i s often distorts the results. Different o servers l ssified these

h r teristi s in three of the six ye rs overed y this report, thus ye r-to-ye r differen e might

well e result of l ssifi tion in onsisten ies. However, in ny one ye r oth the J mes C nyon

ontrol re nd Burnout were l ssified y the s me individu l to m int in within-ye r

onsisten y etween Burnout nd the ontrol re . All h nnel fe tures re presented s lengths

or s the per ent ge of length of the system (or portion of the system) .

J mes C nyon (Control Are ) :

J mes C nyon h s not een extensively su je ted to mining nd onsequent su siden e,
thus ye rly differen es in h nnel h r teristi s here result from om in tion of n tur l uses

(norm l ye rly v ri tion), gr zing, tim er h rvesting nd o serv tion l error . There w s sm ll

portion of J mes Creek undermined in 1995 etween ross se tions X nd Y( t out 2200 M) .

Mine survey d t indi tes out one-third meter su siden e o urred t this lo tion. Beyond
th t sm ll su siden e no other h nges s result of this mining h ve een o served .

11
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J mes Creek serves s sis for judging the me ningfulness of h nges th t o ur in

Burnout. Differen es in Burnout th t su st nti lly nd onsistently ex eed h nges in

J mes C nyon n re son ly e ttri uted to mining nd su siden e.

The per ent ge of the entire me sured h nnel in J mes C nyon th t w s l ssified s rills

nd riffles over the six-ye r period v ried etween 71 .8% nd 83 .5%, s s des from 2.4% to

22.7%, s glides from 0 .4% to 11 .0%, nd s pools from 1 .6% to 6.0% (Figure 6) . It is worth

noting th t the per ent ge of the entire length l ssified s pools de re sed every ye r to

low of

1 .6% in 1997. The num er of pools v ried etween 18 nd 45/km (Figure 7), nd their tot l

volume etween 4 nd 17 m3 (Figure 8). The only trend pp rent w s s in re se in the

per ent ge of s des pp rently t the expense of runs nd riffles whi h pro ly results from

l ssifi tion error. The num er of pools de re sed gre tly in 1995 through 1997, nd

onsequently tot l volume. Aver ge pool volume v ried etween 0.25 nd 0.12 m3 over the six

ye r period (Figure 9) .

Cs de (2.43%)Pool (6.05%)GBde (10.95%)

C s de (5.70%)Pool (4 .62%)Glide (6.15%)

C s de (22.71%)
Pool (2.82%)
Glide (1 .90%)

III ~

\\\\\~

1994

1996

J mes Creek
1992

l n% im, (80.57%)

RunRilfle (83.53%)

C s de (729Pool (5.66%)Glide (5.06%)

C s de (17.74%)
Pool (3.38%)Glide (0.45%)

C s de (21.87%)
Pool (1 .85%)

Glide (4.63%) J

1993

1995

r~eee•
. .\ eee~ ` ~

\\\\~~~

1997

∎eeee∎ `\.~i eeee∎. ..eeeee5 \

Run.Rilfle (B1 .96%)

R n.RiAte (78.43%)

Run t le (72.58%)

	

RuuFOme (71 .85%

Figure 6. Distri ution of h nnel elements in J mes Creek for 1992 through 1997 .
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Figure 7. Tot l pool density in J mes Creek for 1992 through 1997 .

15

5

1992

J mes Creek
20

1993 1994

	

1995
Ye r

1996 1997

Figure 8 . Tot l pool volume in J mes Creek for 1992 through 1997 .
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Figure 9 . Aver ge pool volume in J mes Creek for 1992 through 1997 .

These d t were su sequently roken into pper J mes (1000 to 1800 m) nd Lower

J mes (0 to 1000 m) for further n lysis of h nnel h r teristi s e use of the pp rent

differen es in steepness of the h nnel. The pper J mes (Figure 10) onsisted of mu h gre ter

per ent ge of h nnel length o upied y s des th n Lower J mes (Figure 11), nd less length

in runs/riffles nd glides in ll ut the first ye r. Pool num ers were gener lly gre ter in pper

J mes th n in Lower J mes; however, num er of pools in oth re hes de re sed su st nti lly in

1995 through 1997 (Figure 12 nd Figure 13) . Tot l pool volume v ried four-fold in pper

J mes (from 1 .2 to 4 .7 m3), nd pproxim tely six-fold (2.6 to 12.1 m 3) in Lower J mes (Figures

14 nd 15) . Aver ge pool volume in pper J mes v ried etween 0.08 nd 0.20 m 3 , nd in

Lower J mes etween 0.14 nd 0.42 m3 (Figures 16 nd 17) . Aver ge pool volume in the gentle

re h of Lower J mes h nged very little from 1994 on .
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1993
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u
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Figure 10 . Distri ution of h nnel elements in the upper re h of J mes Creek for

1997 .

Lower J mes Creek(0-1000 m)
1992

	

1993
Cs de (2.30%)

	

C s de (091%)
Pod (8.12%)

	

Pool (5 .73%)
Glide (780%)40

Rtrvrorn. (7.7.46%)

RtNRft. (64$e%)

Rt.,/m.(u.9∎%

1992 through

Figure 11 . Distri ution of h nnel elements in the lower re h of J mes Creek for 1992 through

1997 .
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Figure 12 . Pool density in the upper re h of J mes Creek for 1992 through 1997 .

Figure 13 . Pool density for the lower re h of J mes Creek for 1992 through 1997
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Figure 14 . Tot l pool volume in the upper re h of J mes Creek for 1992 through 1997

Figure 15 . Tot l pool volume fore the lower re h of J mes Creek for 1992 through 1997 .
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0.05
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1995
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Figure 16 . Aver ge pool volume for the upper re h of J mes Creek for 1992 through 1997 .

Figure 17 . Aver ge pool volume for the lower re h of J mes Creek for 1992 through 1997 .
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Burnout M in Ch nnel :

For the entire m in h nnel system in Burnout C nyon, the length of runs/riffles rem ined

rel tively onst nt throughout the 6-ye r period (Figure 18) . The length of the h nnel in

runs/riffles r nged from high in 1993 of 88 .3% to low in 1995 of 79.7% nd m y e sily e

ttri uted to l ssifi tion error . The per ent ge of h nnel in s des in re sed gre tly etween

1994 nd 1995 (from 3 .3% to 15 .2%), ut then de re sed to 8 .1% in 1996 nd g in in re sed to

12 .2% om 1997. This type of v ri ility lso ould e used y different o servers l ssifying

some of the steeper riffles s s des. Pool length did not h nge ppre i ly during the six

ye rs, v rying etween 5 .9% in 1992 nd 2.5% in 1995 . Su h h nges in pool length ould well

result from norm l v ri tions in sediment tion nd flushing depending on v ri ility in

pre ipit tion events from ye r to ye r .

PO CS-93 4 6)
Glide (8 .48%)

Cues d. (331 %)
P . .1(5 .41 %)

Glide (0.00%)

Cu. d. (9 .07%)
Pool (4 .37%)

Glide (2 .00%)

1992

1994

% ll
v \\

\\\

M in Ch nnel, Burnout

#w 9lm. (93 .24%)

Rw RIM. (03 .28%)

(996

Ru M R1. (134.08%)

P . .l (3 .94%)
GRO . (1 .23%)

C s de (126%)
P . .I (4A9%)

id. (9.80%)

93

1995

C e d • (1-6 .21 %)
r/tom∎

\\

Crud . (12.18%)
Pool (2A7 %)

Glide (2.09%)

1997

Ruw7Ri1n . (6826%)

RunIRIMI. (70 .72%)

RunrRIM . (83 .26%)

Figure 18 . Distri ution of h nnel elements in the M in Ch nnel of Burnout Creek; 1992-1997

Tot l volume of ll pool types in the M in Ch nnel r nged etween high of 13 .7 m 3 in

1993 to low of 7 .2 m3 in 1997 (Figure 19) . No onsistent trend is pp rent. The tot l num er
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of pools, however, ppe rs to show gr du l de line from high of out 42/km in 1992 to

low of 24/km in 1997, with the ex eption of 1994 with 39 pools/km (Figure 20) . Aver ge pool

volume, however, did not demonstr te onsistent trend . This v ried from 0.13 m3 in 1994 to

0.23 m3in 1993 nd 1995 (Figure 21) .

Figure 19 . Tot l p

Burnout M in Ch nnel
Tot l Pool olume

1992 1993 1994

	

1995
Ye r

ool volume of ll pools in the M in Ch nnel of Burnout Creek ; 1992-1997 .

20
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Figure 20 . Pool density in the tot l M in Ch nnel of Burnout Creek ; 1992-1997 .

Figure 21 . Aver ge volume of pools in the M in Ch nnel of Burnout Creek, 1992-1997 .
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South Fork Burnout :

Ch nnel h r teristi s were lso surveyed long -640 m of the lower re h of the South

Fork of Burnout Creek . C s des in re sed progressively from 12.5% in 1992 to 53 .6% in 1996,

then dropped to 38 .4% in 1997 (Figure 22) . The proportion of stre m h nnel l ssified s

s des in the South Fork w s very mu h gre ter th n in the M in Ch nnel throughout the 6-

,/'ye r period, no dou t refle ting the gre ter steepness of the South Fork h nnel. Tot l volume of

ll pools v ried gre tly from high of -4.8 m3 in 1995 to low of -1 .1 m 3 in 1996 nd 1997

(Figure 23). This pre ipitous de re se'irn pool volume in the South Fork differs m rkedly from

the rel tively sm ll h nge th t o urred in the M in Ch nnel (Figure 19) . Pool density in the

South Fork rem ined pproxim tely 70/km etween 1992 nd 1995, ut then dropped gre tly to

-30/km in 1996 nd 1997 (Figure 24), refle ting the pre ipitous drop in tot l pool volume .

Aver ge pool volume in 1996 nd 1997 w s pproxim tely the s me, etween 0 .5 nd 0 .6 m 3 , s

in 1992 nd in 1994 (Figure 25) .

Figure 22 .
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Distri ution of h nnel elements in South Fork of Burnout Creek ; 1992-1996 .
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Figure 23 . Tot l pool volume in the South Fork of Burnout Creek ; 1992-1997 .

Figure 24 . Pool density of ll pools in the South Fork of Burnout Creek ; 1992-1997
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Figure 25 . Aver ge volume of pools in the South Fork of Burnout Creek, 1992-1997 .

Ch nges over the 6-ye r period in stre m h nnel h r teristi s within mining p nels

were ev lu ted sep r tely sin e the p nels were mined in different ye rs : p nel 7L in 1993-'94 ;

p nel 8L in 1994-'95 ; nd p nel 9L in 1995-'96 . P nels 5L nd 6L, in the upper re h of Burnout

Creek eyond 1700 m, were not in luded in this n lysis e use they ont ined only intermittent

stre m flow nd were not me sured in eyond 1995 . Se tions of oth the M in Ch nnel nd

South Fork of Burnout rossed p nels 7L nd 8L. Su siden e w s gre ter in the South Fork (0 .5

to 4 .5 feet) over p nel 7L th n in the M in Ch nnel (0.0 to 1 .0 feet) e use of the presen e

of n intrusive dike in the l tter. Only the lower re h of the M in Ch nnel rossed p nel 9L

(Figure 2) .
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P nel 7L:

The proportion of the M in Ch nnel length o upied y runs nd riffles in p nel 7L v ried

from 65.6% in 1995 to 89 .6% in 1993, y s des from 2 .8% in 1993 to 25.9% in 1995, nd y

pools from 2 .0% in 1997 to 8 .5% in 1995 (Figure 26) . Thus the length of s des nd perh ps

pools ppe rs to h ve in re sed the ye r following mining t the expense of runs nd riffles in the

M in Ch nnel. In the South Fork se tion of p nel 7L, runs nd riffles r nged from 39.6% in 1996

to 79.6% in 1992, s des from 10.6% in 1992 to 58.2% in 1996, nd pools from 1 .6% in 1997

to 9.7% in 1992 (Figure 27) . Here, the per ent ge of s des did not in re se m rkedly until

1996, the se ond ye r following mining, g in t the expense of the runs nd riffles . However,

the per ent ge of length o upied y pools in the South Fork h d de re sed prior to mining in

1994. The num er of pools in the M in Ch nnel of this p nel rem ined f irly onst nt from

1992 thru 1994 (50 to 57/km) ut then dropped to only 22/km in 1995, the ye r following mining

(Figure 28) . By 1996, pool num ers were k up to 52/km ut then g in dropped to 20/km in

1997 . In the South Fork of p nel 7L, pool num ers rem ined high (53 to 59/km) until 1996, the

se ond ye r following mining, when they dropped to 32/km nd y 1997 were only 25/km

(Figure 29) . Pool volumes in the M in Ch nnel of p nel 7L v ried etween -1 .6 m3 nd -2 .7 m3 ,

1L11 LLte 81 LGJL ut ltle 111CQ.J 1G 111 L11 y dl L 1u Q6L Nuu1 ~.&t iLy, 1JJ .J y. isui -j v) . . i.w .vu~ . .

tot l num er of pools in this re h de re sed y more th n h lf in 1995 immedi tely following

mining, these pools were more th n twi e s l rge (0.38 m3) s the pools efore mining (0 .10 to

0.16 m3), resulting in the high tot l pool volume for 1995 (Figure 31) . Tot l pool volume in the

South Fork v ried etween -0.2 nd -1 .5 m 3 (Figure 32), with the lowest volume orresponding

to the lowest num er of pools in 1996 nd 1997 . In ontr st to the M in Ch nnel in P nel 7L,

ver ge pool volume in the South Fork were lowest in 1997 (Figure 33) .
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Figure 26 . Distri ution of h nnel elements in the M in Re h of Burnout Creek imp ted y

p nel 7L (1400-1700 m) for ll ye rs
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Figure 27. Distri ution of h nnel elements in the upper re h of the South Fork overlying p nel

7L for ll ye rs .
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Figure 28 . Pool density in p nel 7L of the M in Re h of Burnout Creek ; 1992-1997 .

Figure 29 . Pool density in the upper re h of the South Fork overl ying p nel 7L for ll ye rs .
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Figure 30 . Tot l pool volume in p nel 7L of the M in Re h of Burnout Creek for 1992-1997 .

Figure 31 . Aver ge volume of pools in P nel 7L of the M in Re h of Burnout for 1992-1997 .
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Figure 32 . Tot l pool volume in p nel 7L of the South Fork (300-600 m) for 1992-1997 .
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Figure 33 . Aver ge volume of pools in P nel 7L of the South Fork of Burnout, 1992-1997 .
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P nel 8L :

The proportion of h nnel length in the M in Ch nnel se tion of p nel 8L (mined in 1995-

'96) o upied y runs nd riffles de re sed following mining from 89% to 77% (Figure 34), while

th t in the South Fork de re sed onsistently etween 1992 to 1996 from 70% to 46% . ut then

in re sed to 55% in 1997 (Figure 35) . The proportion of s des in the M in Ch nnel ruptly

.in re sed from 1 .0% in 1994 to 12.9% in 1995, nd then de re sed to 6 .1% in 1996 nd then

in re sed gre tly to 18 .2% in 1997. However, the proportion of s des in the South Fork
f

in re sed r ther m rkedly nd onsistent etween 1992 nd 1996 (from 15% to 50%) with

orresponding de re se in runs nd riffles, ut then de re sed to 39% in 1997 . This suggests th t

;'' s s des in re se, runs nd riffles de re se, whi h ould result from l ssifi tion error. The

proportion of M in Ch nnel pools v ried etween 1 .6% in 1995 to 7.2% in 1994, nd in the

South Fork from 2 .8% in 1996 to 8.4% in 1994. A onspi uous de re se in h nnel o upied y

pools o urred in the M in Ch nnel in 1995 nd in the South Fork in 1996 .

The num er of pools in the M in Ch nnel v ried etween 12 nd 20/km (Figure 36), nd

the tot l volume etween 1 .3 nd 3 .5 m3 (Figure 37). In the South Fork, num er of pools

rem ined f irly onst nt (80 to 92/km) until 1996 when they de re sed strikingly to only 28/km

following mining (Figure 38) . Pool volumes in the South Fork v ried etween -0 .6 nd 3 .3 m 3 ,

with the lowest tot l volumes o urring in 1996 nd 1997 when num ers were lowest (Figure

39) . Aver ge pool volume in the M in Ch nnel w s gre test in 1996, lmost dou le th t of

pre eding ye rs (Figure 40) . Gre test ver ge pool volume in the South Fork o urred in 1995,

then de re sed y 1997 to out one-fourth this size (Figure 41) .
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Figure 34 . Distri ution of h nnel elements in the M in Re h of Burnout Creek imp ted y

p nel 8L (900-1400 m) for 1992-1997 .
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Figure 35. Distri ution of h nnel elements in the South Fork of Burnout Creek imp ted y

p nel 8L (0-300 m) for 1992-1997 .
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Figure 36 . Pool density in the M in Re h of Burnout Creek imp ted y n nel 8L for 1992-1997
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Figure 37 . Tot l pool volume in the m in re h of Burnout Creek imp ted y p nel 8L; 1992-

1997 .
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Figure 38 . Pool density in the lower re h of the South Fork (0-300m) overlying p nel 8L .
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Figure 39 . Pool volume in the lower re h of the South Fork (0-300 m) overlying p nel 8L
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Figure 40 . Aver ge pool volume in the M in Ch nnel of Burnout Creek imp ted y P nel 8L (0-

300 m) for 1992-1997 .

Figure 41 . Aver ge pool volume in the South Fork of Burnout Creek imp ted y P nel 8L
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P nel 9L :

The proportion of h nnel length in p nel 9L (mined in 1995-1996) o upied y runs nd

riffles v ried etween 80.6% nd 87.8%, without showing ny differen e th t ould e ttri uted to

su siden e (Figure 42). The proportion of h nnel in s des v ried etween 0 .0% nd 9.8%,

with su st nti l in re se o urring in 1995 nd g in in 1997, whi h might e ttri uted to

l ssifi tion error sin e it o urred t the expense of the proportion of glides . The proportion of

h nnel o upied y pools w s gre test in 1992 (6 .6%) nd then de re sed to etween 2.4% nd

4.4% for the rem ining ye rs. Pool density in this p nel v ried etween 23/km nd 44/km (Figure

43) with the fewest o urring in 1997 following su siden e . Pool volume on the other h nd

de re sed from -2 .1 m3 in 1992 to -1 .0 m3 , nd then in re sed to -1 .5 m3 in 1994, 2 .9 m3 in 1996,

nd then de re sed to 1 .3 m3 in 1997 (Figure 44) . The timing suggests th t the l tter in re se in

pool volume might h ve resulted in p rt from the effe ts of su siden e nd lso higher stre m flows

in 1995 nd 1996 . Aver ge pool volume w s lso gre test in 1996 (Figure 45) .

Pod (s 61 %)

01. do (12.77%)

P nel 9L(500-800 m) Burnout
1992
-C.so d. (0 .G0%(

1996
C s de (6 .13%)

Pool (6 .60%)
Glide (4 .3%1

	

Glide (3.G1%)

RuNRi1N . (60 .63%)

1995

1997

Figure 42 . Distri ution of h nnel elements in the M in Re h of Burnout Creek imp ted y

p nel 9L (500-800 m) for 1992-1997 .
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Figure 43 . Pool density in the M in Re h of Burnout Creek imp ted y p nel 9L (500-800 m)

for 1992-1997 .

Figure 44. Tot l pool volumes in the M in Re h of Burnout Creek imp ted y p nel 9L for

1992 through 1997 .
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Figure 45 . Aver ge pool volume in the M in Re h of Burnout Creek imp ted y P nel 9L for

1992-1997 .

It ppe red th t m ny of the pools surveyed in 1994 were filling in with sediment . Some of

the sour e of the sediment in this steep, in ised re h m y h ve een due to h nnel ross-se tion l

djustment following su siden e, however, mu h of the sediment ppe red to ome from ex essive

nim l use ne r the h nnel . hile gr zing h s een ssumed to e rel tively onst nt during the 3-

ye r period ( sed on gr zing llotments), it w s o vious from the field investig tions th t sheep

ongreg ted more he vily in the dr in ge ottoms of the upper perenni l re hes of the South Fork

during the dry summer of 1994 . The steep side slopes th t re dire tly onne ted to the h nnel in

mu h of this re h re very sus epti le to gr zing nd to the he vy elk use in the re . M ny sheep

nd g me tr ils were noted in su -re hes th t h d some of the l rgest sediment tion in old pools .

37



1
1
1

1
1
1
1

M
I

Stre m Flow Re ords :

Flumes were inst lled to me sure v ri tion in stre m flow over the 1991 thru 1997 period

on oth the M in Ch nnel nd the South Fork of Burnout Creek . The flume on the M in Ch nnel is

lose to the mouth of Burnout where it flows into Huntington Cr . t the he d of Ele tri L ke .

The South Fork flume is t its jun tion with the M in Ch nnel of Burnout . These stre m flow

re ords should f ilit te interpret tion of h nnel h r teristi h nges th t might e ttri uted to

norm l ye rly differen es in stre m flow versus h nges due to su siden e following mining .

Stre m flow in the M in Ch nnel v ried over four-fold etween ye rs in June nd July (from

less th n 1 fs to over 4 fs) ut then y August flow tended to st ilize etween out 0.3 nd 0.6

fs (Figure 46) . Stre m flow in the South Fork lso v ried over four-fold etween ye rs in June

nd July (from less th n 0.1 fs to over 0 .4 fs), nd then de re sed to etween 0.01 nd 0 .05 fs

during August, Septem er, nd O to er (Figure 47) . nfortun tely, mid-month me surements

were not o t ined for June in three of the seven ye rs : 1991, 1993, nd 1995 . However, judging

from the re ords v il le it ppe rs th t 1992 nd 1994 were ye rs of gener lly low stre m flow

nd 1995, 1996, nd 1997 were ye rs of f irly high stre m flow .

Stre m flow in the flume t the Forest ound ry in the J mes C nyon ontrol v ried t le st

s mu h s th t in the lower h nnel of Burnout Creek (Figure 48) .
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Figure 46. Stre m flow re ords for M in Re h of Burnout Creek from 1992 through 1997 .
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Figure 48 . Stre m flow re ords for the flume lo ted t the Forest ound ry in J mes C nyon,

from 1993 through 1997 .

CHANNEL CHARACTERISTICS DISC SSION & CONCL SION:

The J mes C nyon ontrol re serves s sis for judging whether h nge in h nnel

h r teristi s in Burnout might e ttri uted to su siden e following mining . If su st nti l

h nge in h nnel h r teristi s is m rkedly nd onsistently gre ter in Burnout th n in J mes

during the s me time period, one n ssume th t the h nge results from su siden e, espe i lly if

the h nge is onsistent in oth the M in Ch nnel nd the South Fork of Burnout . To f ilit te

this omp rison, the me sured v lue for the ye r fter h nge (X) is expressed s per ent of the

v lue immedi tely prior to h nge (Y) ; thus per ent h nge would equ l 100(X/Y) - 100 .

Following the 1993-1994 mining in P nel 7L, su st nti l h nges o urred y 1995, ut

few n reli ly e ttri uted to su siden e. For ex mple, s des in the M in Ch nnel P nel 7L

in re sed 244%, ut they in re sed lmost s mu h (+ 189%) in pper J mes (T le 2) whi h is
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the omp r le steeper se tion of the ontrol . In the South Fork P nel 7L, the proportion of the

h nnel in s des did not in re se ne rly s mu h s in the J mes ontrol suggesting, if

nything, th t su siden e neg tively ffe ted the proportion of s des. By 1997, it ppe rs th t

mining h d neg tive imp t on the proportion of s des sin e they did not in re se ne rly s

mu h s in the J mes ontrol (T le 3). The proportion of h nnel in pools, however ppe red to

,h ve tempor rily in re sed in oth the M in Ch nnel P nel 7L nd in the South Fork P nel 7L

omp red to the ontrol (T le 2). However y 1997, this differen e w s no longer evident
s

(T le 3). The num er of pools in the South Fork P nel 7L ppe r to h ve in re sed somewh t

in 1,995, ut g in this in re se w s tempor ry. Any in re se in tot l pool volume in P nel 7L in

1'995 lso ppe rs to h ve diminished y 1997. The in onsisten ies in response etween the M in

Ch nnel se tion nd South Fork se tion of P nel 7L m kes ny gener liz tions reg rding the

effe t of su siden e on h nnel h r teristi s in this p nel diffi ult .

T le 2. Per ent h nge etween 1994 nd 1995 in P nel 7L on the M in Ch nnel nd South

Fork of Burnout Creek, nd in the pper J mes ontrol .

4 1

STREAM ELEMENT

MAIN CHAN.

PANEL 7L

PPER

JAMES

SO TH FORK

PANEL 7L

PPER

JAMES

Runs/Riffles -22 -21 -4 -21

C s des +244 +189 +6 +189

Glides -100 -91 0 -91

Pools +28 -47 +25 -47

Pool Num ers -60 -54 -7 -54

Pool olume +59 +27 +81 +27

Av. Pool olume +280 +186 +124 +186
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T le 3. Per ent h nge etween 1994 nd 1997 in P nel 7L on the M in Ch nnel nd South

Fork of Burnout Creek, nd in the pper J mes ontrol .

P nel 8L w s mined in 1995-1996, nd d t were ev lu ted for oth the M in Ch nnel

se tion nd for the South Fork se tion of this p nel . (The d t on h nges in proportion of glides

is not reli le e use of the very sm ll per ent ges involved .) The most relev nt h nges

ttri ut le to mining in the M in Ch nnel is the in re ses in the proportion of h nnel o upied

y pools s well s the num er nd volume of pools omp red to the pper J mes ontrol (T le

4) . These in re ses in pool ttri utes, however, did not o ur in the South Fork P nel 8L .

Although the proportion of runs nd riffles de re sed following mining, they did not de re se

ne rly s mu h s in pper J mes, nd thus pro ly in re sed somewh t following mining ; this

o urred in oth se tions of P nel 8L.
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STREAM ELEMENT

MAIN CHAN.

PANEL 7L

PPER

JAMES

SO TH FORK

PANEL 7L

PPER

JAMES

Runs/Riffles -8 -40 -9 -40

C s des +152 +300 +21 +300

Glides -100 +108 0 +108

Pools -71 w -77 -35 -77

P ol Num ers -65 -77 -54 -77

Pool olume 0 -60 -73 -60

Av. Pool olume +190 +73 -33 +73
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T le 4 . Per ent h nge etween 1995 nd 1997 in P nel 8L on the M in Ch nnel nd South

Fork of Burnout Creek, nd in the pper J mes ontrol .

Lower J mes most losely resem les the lower re h of Burnout Creek where P nel 9L is

lo ted; it is therefore used s the sis for determining possi le h nges here ttri ut le to

mining. P nel 9L w s mined during 1995-1996, thus ny effe ts of su siden e on h nnel

h r teristi s should e noti ed y 1997. Su siden e ppe rs to h ve resulted in n in re se in

the mount of h nnel o upied y pools ; lthough the tu l in re se w s only +7%, Lower

J mes experien ed de re se of 50% (T le 5). However, oth the num er of pools nd the

tot l pool volume ppe rs to h ve de re sed, espe i lly when omp red to in re ses in these

ttri utes in Lower J mes. Although su siden e resulted in fewer pools, the ver ge volume of

these pools h d in re sed su st nti lly y 1997 (+50% in P nel 9L versus -13% in Lower

J mes). Thus mining used fewer ut l rger pools in this p nel. The tu l length of h nnel in

s des in these lower re hes w s sm ll nd the differen es m y well h ve resulted from

l ssifi tion in onsisten ies .
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STREAM ELEMENT

MAIN CHAN .

PANEL 8L

PPER

JAMES

SO TH FORK

PANEL 8L

PPER

JAMES

-24 -6 -24

+38 +14 +38

Glides +268 +2205 ----- +2205

Pools +91 -56 -59 -56

t' 1 L III eL s -48 -53 -48

Pool olume +108 -67 -71 -67

Av. Pool olume +110 -37 -70 -37
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T le 5. Per ent h nge etween 1995 nd 1997 in P nel 9L of Burnout Creek nd in the Lower

J mes ontrol .

hether mining h s h d n effe t on h nnel h r teristi s long the entire monitored

length of the M in Ch nnel nd South Fork h nnel of Burnout might e nswered y omp ring

the rel tive differen es etween the 1993 d t nd the 1997 d t in these h nnels with

differen es during the s me period in J mes C nyon .

The response of the M in Ch nnel to mining were not lw ys onsistent with h nges in

the South Fork . here s the proportion of the M in Ch nnel o upied y s des ppe red to

h ve in re sed, th t in the South Fork m y h ve de re sed (T le 6). On the other h nd, the tot l

num er of pools m y h ve in re sed in oth the M in Ch nnel nd South Fork dr in ges, ut

h nges in pool volume were in onsistent .

The most re son le on lusion reg rding the effe ts of su siden e on stre m

h nnel h r teristi s in the Burnout dr in ges is th t no me ningful differen es o urred

th t n e ttri uted reli ly to su siden e. Gre t ye r-to-ye r v ri ility o urred in

oth the J mes C nyon ontrol s well s Burnout Creek.
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STREAM ELEMENT

MAIN CHANNEL

PANEL 9L

I

	

LO ER

JAMES

Runs/Riffles -1 -1

C s des -18 -25

Glides +158 +625

Pools +7 -50

Pool Num ers -43 +29

Pool olume -13 +14

Av. Pool olume +50 -13
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T le 6. Per ent h nge etween 1993 nd 1997 in the entire M in Ch nnel nd the South Fork

of Burnout Creek, nd in their respe tive ontrol re hes in J mes C nyon.
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STREAM ELEMENT

B RNO T

CREEK

JAMES

CANYON

SO TH FORK

B RNO T

PPER

JAMES

Runs/Riffles -6 -12 +13 -37

C s des +796 +200 +54 +195

Glides -65 -8 ------ +188

Pools -45 -71 -72 -82

Pool Num ers -30 -51 -36 -75

Pool olume -47 -77 -72 -74

Av. Pool olume -26 -44 -33 +4
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Ch nnel Cross-Se tion

S our nd fill v lues re only me ningful dire tly for J mes Creek nd the p nel IOL

ross-se tion in Burnout Creek th t were not mined. For the su sided ross-se tions, horizont l

nd verti l movement of either or oth survey pins would introdu e l rge errors in s our nd fill

l ul tions. Thus, it would e impossi le to tell if h nnel h nge w s due to s our (or fill) or

to su siden e. Therefore, in n lyzing h nnel ross-se tions th t experien ed su siden e,

routine to lign ye rly h nnel profiles y djusting oth verti l nd horizont l xes w s used .

e ould then lign the m jor h nnel fe ture (e.g ., th lweg) in qu lit tive w y to omp re ye r

;'to ye r h nnel h nges .

Of the 73 h nnel ross-se tions surveyed in Burnout Creek, we fo us the m jority of our

ttention on the ross-se tions lo ted ove longw ll p nels 5L, 6L, 7L, 8L nd 9L where

mining nd su siden e h s lre dy o urred from 1992 to 1997. Longw ll mining nd most of

rel ted su siden e ove p nel 5L h d lre dy o urred y e rly 1992, prior to our initi l survey .

Thus, do umented ross-se tions in this upper ephemer l re h of Burnout Creek were lo ted

only in the zone of m ximum su siden e with the o je tive to monitor ny residu l su siden e or

re overy of h nnel geometry . Su siden e in this monitored re h w s pproxim tely 5 feet nd

did not h nge ppre i ly fter the 1992 survey.

R ther th n des ri e h nges in e h of the 73 ross-se tions monitored during the 6-

ye r period, we sele ted ross-se tions th t typified the eh vior of e h set of ross-se tions in

zones of su siden e nd zones of tension . Ch nges in these sele ted

represent h nges in the stre m h nnel nd re dis ussed elow .

J mes C nyon (Control Are ) :

Differen es in ross-se tion profiles in J mes C nyon serve s sis for determining the

mount of ross-se tion h nges in Burnout th t might e ttri ut le to su siden e. The

differen es etween ye rs in J mes C nyon ross-se tions result from the norm l ye rly flux of

ut nd fill om ined with minor differen es in survey me surements. Figures 49 nd 50
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Figure 50 . Ex mples of h nnel ross-se tion h nges in the lower re h of J mes C nyon .
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Figure 51 . Ex mples of v ri tions in ut

of J mes C nyon over the study period .

nd fill in the upper re h ( -3) nd lower re h (Y-3)
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illustr te ex mples of ross-se tion profile differen es in J mes C nyon etween 1994-'97 .

Elev tion l differen es etween ye rs in the profile of ross-se tion -1 v ried no more th n 0.3

feet, ross-se tion X-4 v ried nor more th n 0.5 feet, ross-se tion Y-3 v ried 0 .6 feet, nd ross-

se tion Z-10 . 5 feet .

Dist n e etween the st ked ends ( h nnel width) v ried etween 0.0 nd 0.3 feet, whi h

n e ttri uted to me surement error. Thus, we n ssume th t ny ross-se tion elev tion l

differen es etween ye rs in Burnout th t ex eed -0.5 ft . n e ttri uted to su siden e s well

s ny h nnel width ex eeding -0 .3 feet .

Figure 51 shows the mount of h nnel ut nd fill v ri tion th n n e expe ted to o ur

'from norm l erosion nd deposition used y ye rly flux in stre m flow. Between 1992 nd

1993 oth ross-se tions -3 nd Y-3 lost over 0 .2 m2 in ross-se tion re . Deposition in

su sequent ye rs lmost repl ed this, ut then se tion -3 lost -1/3 m2 g in in 1996. Almost
n I . ,_1 « 7 '1

norm l h nges in ut nd fill n e expe ted to o ur ye rly .

P nel 5L:

Two ex mples (5L-A-1 nd 5L-A-5) of the h nges o urring etween 1992 nd 1997 in

the five ross se tions in p nel 5L re shown in Figure52 . Both of these ex mples re in the zone

of su siden e; however, this' su siden e must h ve o urred prior to the inst ll tion of the ross-

se tions in 1992 . The 1995 d t ppe r to e n err tion, suggesting th t the right side of the

ross se tions rose pproxim tely 1 ft . ut then fell g in to pproxim tely previous levels in

1996, whi h is n unlikely o urren e. The width of the SL-A-5 h nnel (dist n e etween pins)

n rrowed progressively y 1 .0 foot etween 1992 nd 1995, ut then widened y 0.6 feet in

1996, where it rem ined in 1997. This p nel is lo ted on the toe of m ss e rth flow nd the

h nnel n rrowing n e ttri uted to this slope movement . The widening in 1996 is pro ly

lso rel ted to movement within this zone .

1007 r-mt v-Z rontini,e1 to lose flhvinusly- su st nti l
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P nel 6L :

Two re hes of the m in r n h of Burnout Creek overlying p nel 6L (mined in l te 1992

to e rly 1993) h d ross-se tions inst lled. The uppermost perenni l re h of Burnout Creek

(from out 2150 to 2450 m) h d five ross-se tions in the m ximum su siden e zone nd,

e use of the orient tion of the p nel, only three in the zone of m ximum tension. Figure 53

,,.,"Shows n ex mple of ross-se tion in the su siden e zone (6L-B 1-2) nd one in the tension

zone (6L-BI-7). The ross-se tions in the su siden e zone dropped -5 .0 feet etween 1993 nd

1994, with possi ly ddition l settling of 0 .5 ft. y 1996. The h nnel n rrowed y 1 .0 feet t

th t time ThP drnn w l e in the tPn inn 7fnP - 3 .2 feet etween 1993 nd 1994 with

possi ly .some slight ddition l settling y 1996. The h nnel here n rrowed progressively

etween 1992 nd 1995 for tot l of 1 .5 feet .

In the lower re h of p nel 6L, the effe ts of su siden e were not quite s noti e le .

Cross-se tion 6L-B2-2 serves s n ex mple of those ross-se tions in the su siden e zone, nd

6L-B2-6 n ex mple for the tension zone (Figure 54) . The ross-se tions in the su siden e zone

here dropped pproxim tely 3 .5 feet etween 1993 nd 1994, nd settled perh ps n ddition l

0 .5 feet y 1996. Su siden e in the tension zone, however, w s mu h less (-1 .5 feet) nd

ppe red to o ur gr du lly, with the m jor drop o urring etween 1995 nd 1996. The h nnel

in the tension zone ppe rs to h ve widened (- 2.5 feet), where s it didn't h nge in the

su siden e zone .

52



16
1
1
1
1

1
1
1
1
1
1
0

9262

9260

0 9258
400

w
9256

9254

9252

6L-B1-7

A tu l Elev tion

0 2 4 6

	

8

	

10

	

12
Dist n e (ft)

14 16

-+-1992 -∎--1993 -e-1994 - - 1995 --1996 -f- 1997

Figure 53 . Ex mples of ross-se tion h nges in the zones of su siden e (6L-B 1-2) nd tension

(6L-B 1-7) of Burnout Creek .
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Figure 54. Ex mples of ross-se tion h nges in the zones of su siden e (6L-B2-2) nd tension

(6L-B-6) of p nel 6L in Burnout Creek .
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P nel 7L:

Five m ximum su siden e nd five tension ross-se tions were lo ted ove longw ll

p nel 7L in the South Fork of Burnout Creek . Cross-se tion ex mples in this p nel, mined in l te

1993 nd e rly 1994, re 7L-C 1-3 for the zone of su siden e, nd 7L-C2-8 for the tension zone

/.(Figure 55) . The ross-se tions in the su siden e zone dropped 3 .5 to 4 .0 feet etween 1993

nd 1994, with very little further settling . The h nnel m y h ve n rrowed -1 .5 feet in the

pro ess . Cross-se tions in the tension zone dropped omp r tively little, etween 1 .5 nd 2.0

feet,' nd more gr du lly, ut the h nnel ppe rs to h ve widened -1 .5 feet in this pro ess

f,

	

Cross-se tion 7LC2-6 in the tension zone of the South Fork w s used s n ex mple of

ut nd fill h nges (Figure 56). Following su siden e, minor mount (<0.2 m2) of deposition

o urred in ontr st to the erosion in J mes C nyon .

f
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Figure 55. Ex mples of ross-se tion h nges in the zones of su siden e (7L-C 1-3) nd tension

(7L-C2-8) of p nel 7L in the South Fork of Burnout Creek .
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Figure 56 . Ex mple of ut nd fill h nges over the study period in tension zone of the South

Fork se tion of p nel 7L .

P nel SL :

Four ross-se tions re shown s ex mples of h nges in p nel 8L whi h w s mined in

1995 nd e rly 1996 : two (8L-D1-3, su siden e; 8L-DI-9, tension ; Figure 57) re in the M in

Ch nnel of Burnout, nd two (8L-D2-4, su siden e; 8L-D2-10, tension ; Figure 58) re in the

lower re h of the South Fork . In the M in Ch nnel the ross-se tions in the su siden e zone

dropped gr du lly, with ---1 .0 foot in 1995, followed y n ddition l drop of 0.5 feet in 1996,

nd n ddition l ---0 .5 feet in 1997 . The h nnel width did not h nge. The ross-se tions in the

tension zone of the M in Ch nnel lso dropped gr du lly, -2 feet in 1995, with n ddition l

drop of -0 .8 feet in 1996, nd nother -1 foot in 1997 . The h nnel width here de re sed - 0 .5

feet .

The South Fork ross-se tions in the su siden e zone (8L-D2-4) dropped -3 .0 feet in

1995, with no further settling. Cross-se tions in the tension zone (8L-D2-10) dropped -2.0 feet
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in 1995, with further drop of - 1 .0 feet in 1996 . Neither set of ross se tions showed

ppre i le h nge in either width or sh pe .

Cut nd fill me surements in the M in Ch nnel (Figure 59) did not show differen es in

either erosion or deposition p tterns in ex ess of those found in the ontrol re .

8L-D1-3

A tu l Elev tion

1992 -x-1993 -*-- 1994 -5- 1995 - - 1996 -*- 1997
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5 10
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--e- 1992 -•- 1993 -*- 1994 -s- 1995 -$- 1996 -*- 1997

Figure 57. Ex mples of ross-se tion h nges in the zones of su siden e (8L-D 1-3) nd tension

(8L-D 1-9) of p nel 8L in the M in Ch nnel of Burnout Creek .
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Figure 58. Ex mples of ross-se tion h nges in the zones of su siden e (8L-D2-4) nd

(8L-D2-10) of p nel 8L in the South Fork of Burnout Creek .

59

tension



1
1
1
1
1
1t
1
1
1
1
1
S
I

Figure 59 . Ex mple of ut nd fill h nges over the study period in the su siden e zone in p nel
n
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P nel 9L :

P nel 9L w s mined in 1995 nd 1996. Cross se tion 9L-E1-5 is used s n ex mple of

h nges in the zone of su siden e, nd ross se tion 9L-E1-8 of h nges in the tension zone

(Figure 60). D t olle ted in 1996 h d not yet een ffe ted y mining. By 1997, however,

drop of -1 foot h d o urred in the su siden e zone nd little over 1 foot in the tension zone .

No h nge w s noted in h nnel width . Some h nnel deposition o urred (Figure 61), espe i lly

in ontr st to the h nnel erosion in the J mes C nyon ontrol (Figure 51) .
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Figure 60 . Ex mples of ross-se tion h nges in the zones of su siden e (9L-E1-5) nd tension

(9L-E 1-8) of p nel 9L in Burnout Creek .
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Figure 61 . Ex mple of ut nd fill h nges over the study period in the su siden e zone in p nel

9L in Burnout Creek .

P nel IOL :

P nel IOL w s not mined, therefore no h nges eyond wh t might e expe ted from

me surement error plus norm l h nnel movement should e evident. The re son for the up to

1 .5 feet differen es in the th lweg re of ross-se tion of 1 OL-F 1-49 (Figure 62) re used y

norm l h nnel flu tu tions used y erosion nd deposition or possi ly some survey error .

Ch nges in ut nd fill in ross-se tions here were onsider ly less th n in the J mes C nyon

ontrol (Figure 63) .
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Figure 62 . Ex mples of ross-se tion h nges in the zones of su siden e (1 OL-F 1-4) nd tension

(1 OL-F 1-9) of p nel 1 OL in Burnout Creek .
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Figure 63 . Ex mple of ut nd fill h nges over the study period in the su siden e zone in p nel

10L in Burnout Creek .

CROSS-SECTION CONCL SIONS:

Su siden e following mining on Burnout Creek resulted in elev tion drops of etween

pproxim tely 1 .5 to 5 .5 feet in the zones of su siden e in the mined p nels, ut of only out 1 .5

to 3 .2 feet in the tension zones . If h nnel width h nged in the su siden e zone, it usu lly w s

n rrowing of up to - 1 .5 feet. Ch nges in h nnel width in the tension zone of p nel usu lly

resulted in widening of up to -2 .5 feet, ut in some ses the width n rrowed t le st 1 .5 feet .

Thus the effe t of su siden e on oth h nnel drop nd h nnel width v ried onsider ly .

Amount of erosion nd deposition in Burnout Creek ttri ut le to su siden e did not

ppe r to ex eed th t used y norm l pro esses in the J mes C nyon ontrol re .
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Longitudin l Ch nnel Profiles

The longitudin l profile of oth Burnout nd the J mes C nyon ontrol were surveyed y

the use of hip h in for dist n e long the th lweg nd n engineer's level for elev tion l

differen es. The hip h in, with n estim ted inherent me surement error of 10%, plus h nnel

routing h nges t the lower stre m gr dients, resulted in highly v ri le d t . In ddition, the

1995 profile survey in Burnout (m in h nnel) w s o viously distorted (pro ly y unre ognized

equipment f ilure) nd h s een removed from ny omp risons. The h nnel profiles in 1996

nd 1997 were surveyed y profession l surveyor while surveys e rlier th n 1995 were

ondu ted y gr du te students with little tr ining. The 1996 nd 1997 elev tion me surements

were periodi lly tied to known elev tion en hm rk to verify ur y. The 1996 nd 1997

longitudin l profile d t , therefore, re elieved to more ur tely represent the tu l h nnel

profile then the d t o t ined in e rlier ye rs where these ontrols were not employed .

Profile of the entire re h of J mes C nyon is shown in Figure t4, n or the lower nu

upper se tions of J mes C nyon re shown in Figure 65 . The differen es in profiles etween

ye rs is suggestive of the mount of error involved in the method sele ted to me sure longitudin l

profiles. Figure 66 shows enl rged 200 meter se tions of Lower J mes C nyon (0 to 200 m) nd

of pper J mes C nyon (1300 to 1500 m) ontrols for 1995, 1996, nd 1997 to etter illustr te

the ye rly v ri tion of h nnel profile me surements ttri ut le to om in tion of n tur l

flu tu tions nd me surement error . Stre m profile elev tion differen es etween these ye rs in

the lower re h of J mes C nyon re s mu h s 5 feet, nd in the upper re h of the C nyon s

mu h s 15 feet. The upper portion of J mes C nyon t out the 2050 to 2400 m dist n e lies

over p nel 8L whi h w s mined in 1995-1996. The stre m profile me surements do not show ny

effe t th t n reli ly e ttri uted to su siden e (Figure 67) .
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Figure 64 . Longitudin l h nnel profile of the entire J mes C nyon re h, 1995-1997 .
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se tions of J mes C nyon, 1995-1997 .

lower (0-1200 m) nd upper (1000-3000 m)
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Figure 67 . Longitudin l h nnel profile of the se tion of J mes C nyon underl in y P nel 8L,

1995-1997 .

Be use of the sm ll m gnitude of ny verti l h nges th t o urred in the longitudin l

profile of the m in h nnel of Burnout Creek, it is diffi ult to ssess ny possi le gr dient h nges

rel ted to su siden e (Figure 68) . Even when ex mining spe ifi re hes of Burnout Creek th t

were imp ted y su siden e, signifi nt h nges in longitudin l profiles re not evident (Figure

69, 70, nd 71) . In the re h ove p nel 6L (1700 to 2370 m), mined in 1992-'93, some minor

devi tions etween 1992 nd other me surement ye rs were noted ut these tended to imp t

only very lo lized gr dients . Some shifting of h nnel steps w s pp rent, ut over ll, the

diverse h r ter of the stre m profile w s preserved . (Note the verti l s le differen es in

Figures 68 through 71 .) here the verti l s le w s exp nded, minor drop of --- 1 foot ppe rs

in the p nel 9L se tion etween 1996 nd 1997 in this p nel mined in 1995-'96 (Figure 70), ut

this differen e w s well within the ye r-to-ye r v ri ility of the s mpling method. Gener lly,

profile differen es were s gre t efore su siden e s were those me sured following su siden e .
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This would indi te th t h nges me sured from ye r to ye r were used prim rily y n tur l

h nnel h nges, me surement i s, nd me surement error . Also, it should e remem ered th t

su siden e due to mining ( etween 1993 nd 1994) in re h ove p nel 7L w s minim l (<1

foot) e use of the existen e of n intrusive dike .

Ch nges in the South Fork (Figures 72 nd 73) lso nnot e ttri uted to su siden e .

Gr dient nd roughness (steps) in the lower 500 m of this re h do not ppe r to h ve een

ppre i ly ffe ted .
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Figure 68 . Longitudin l profile of the entire m in h nnel of Burnout Creek, 1992-1997 .
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Longitudin l Ch nnel Profile Con lusions:

Over ll, h nnel profile surveys with the te hniques used h ve not een very useful for

interpreting imp ts rel ted to spe ifi regions of su siden e in this study re . More reful nd
det iled me surements will e needed for su h d t to e of use in interpreting su siden e

imp ts .
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Effe t of Flood Routing on Potenti l Ch nnel Erosion/Sediment tion

e ev lu ted possi le imp ts of h nges in h nnel sh pe nd lo lized longitudin l

gr dient due to su siden e, gr zing, or n tur l geomorphi pro esses on the potenti l for future

h nnel erosion nd sediment tion within Burnout Creek. The pro edure involved n estim tion

of h nnel runoff for e h of the first three ye rs (1992, 1993, nd 1994) ssuming design flow ;

survey ye rs 1995 nd 1996 were not used in this n lysis. The design flow is sed on 6-hour

storm th t produ es tot l pre ipit tion ex ess of 1 .02 in hes. Runoff is gener ted using the

SCS method nd h nnel flow is routed y the Muskingum method. The dr in ge sin is

p rtitioned into 5 su -dr in ges to fo us on dis rete omponents th t h ve een imp ted y

mining. A s hem ti of Burnout C nyon sin with the su -dr in ges nd h nnel segments used

in the l ul tions for routing design pe k flows is given in Figure 74 . Are s of the su -dr in ges

r nge from 92 .1 to 223 .1 res. Aver ge sideslope gr dients used in the SCS runoff predi tion

method r nged from 22 to 28% in the v rious su -dr in ges nd n ver ge urve num er of 60

w s used throughout . C l ul ted design pe kflows r nged from 0.88 m3/s in the uppermost su -

dr in ge to 3 .80 m3/s in the lower portion of the study re h. These v lues seem to represent

moder te to extreme inst nt neous pe k flow for this w tershed sed on h nnel morphology .

For e h of the 73 do umented ross-se tions in Burnout Creek, flow depth is

l ul ted in 1992,1993, nd 1994 for the design storm . This l ul tion involves dis h rge

v lue derived from the runoff n lysis, n ssumption for M nning's roughness oeffi ient

(n=0 .04-0 .05 for n tur l stre m h nnels), h nnel gr dient o t ined from the lo lized

longitudin l profile (just ove nd elow e h me sured ross-se tion), nd the sh pe of e h

ross se tion. The h nnel ross-se tion w s surveyed e h ye r nd h nges rel ted to

su siden e, gr zing, or n tur l geomorphi pro esses re refle ted in the flow depth l ul tions .

e re rr nge M nning's equ tion nd iter tively input different w ter depths to minimize f,, s

follows :

fX = Q- I /n A RI S11

where, Q is the dis h rge, R is the hydr uli r dius defined s h nnel ross se tion l re

(inund ted y w ter) divided y the wetted perimeter (R = A/P), S is the h nnel gr dient, n is
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M nning's oeffi ient, nd fX ppro hes zero v lue when the desired depth is o t ined. This

l ul tion is repe ted for ll ross se tions in Burnout Creek to ddress ny downstre m effe ts

of the morphometri h nges o urring in the upper re hes of the dr in ge . lues of oth

wetted perimeter (P) nd R re then l ul ted nd omp red for ll three ye rs throughout the

dr in ge sin e these oth rel te to the potenti l for h nnel erosion nd su sequent sediment tion

t high flows .
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Figure 74. Su -dr in ge nd h nnel segments in Burnout C nyon used in pe k flow routing .
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For the most p rt, h nnels re somewh t rmored on the ottom, ut virtu lly

un rmored nd poorly veget ted long the h nnel sides ( t heights th t would e inund ted y

stormflows) . Thus, h nnel erosion potenti l ould e viewed to e dire tly proportion l to the

wetted perimeter of the h nnel (P) exposed to given stormflow. On the other h nd, P is

inversely proportion l to ver ge she r stress long the h nnel ed (To ) des ri ed y

To = yRS

where y is the spe ifi weight of w ter, R is the hydr uli r dius (R = A/P), nd S n e

pproxim ted y the h nnel gr dient. Thus, s wetter perimeter (P) de re ses, the h nnel

e omes more "effi ient" in routing w ter nd the she r stress (whi h uses ed sediment

tr nsport) in re ses . Conversely, hydr uli r dius is dire tly proportion l to she r stress long the

h nnel ottom. Sever l f tors n influen e the v lue of R : (1) the si geometri sh pe of the

h nnel nd (2) the over ll "smoothness" of the h nnel profile. These f tors re, of ourse, lso

determin nts of P. For ex mple, given the s me nkfull width, the wetted perimeter (P) of

re t ngul r h nnel is 1 .137 times th t of semi- ir ul r h nnel nd P of tri ngul r h nnel is

1 .287 times th t of semi- ir ul r h nnel. In the interpret tion of our results, we should e

w re th t n in re se in P ould e interpreted s n in re se in the potenti l for the stre m nks

to erode nd likely in re se in suspended sediments tr nsport due to the high silt ontent of the

soils. This is espe i lly true in the upper h nnel where stre m nks re l rgely unveget ted,

p rtly due to gr zing pressure. However, de re se in P would result in in re sed she r stress t

high flows long the h nnel ottom nd would in re se the potenti l for h nnel down utting

nd edlo d sediment tr nsport .

In the mining-imp ted portion of m in h nnel of Burnout Creek, only the re h

overlying p nel 6L w s surveyed for ross-se tion l h nges . Two sets of ross-se tions (6L-B I

with 8 ross-se tions nd 6L-B2 with 10 ross-se tions) were lo ted in this re h from out

1700 m to 2450 m upstre m. Only few signifi nt h nges in P v lues were found etween

1992 nd 1993 when the m jority of the su siden e o urred (Figure 75) . Per ent ge h nge in P

v lues less th n out 5-10% re not onsidered to e very signifi nt e use of the potenti l for

ross-se tion me surement dis rep n y from ye r to ye r. All of the three ross-se tions whi h

h d h nges in P v lues in ex ess of 10% etween 1992 nd 1993 were in the upper re h of 6L-
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B 1, whi h experien ed the most su siden e (4.0 to 4 .5 feet) long the m in h nnel. One of the

ross-se tions w s in the zone of m ximum tension nd the other two were in the zone of

m ximum su siden e from 2210 to 2230 m. Ex mples of h nges in h nnel geometry th t

gener te these h nges in P re shown in Figure 76. Only one ross-se tion in this imp ted

re h (6L-B i) experien ed

--r i 0`%%

h nge in P during this s me period . Addition l' h nnel

djustment o urred etween 1993 to 1994 in the 1700 to 2400 m re h. By 1994 there w s

gre ter eviden e of de re ses in P in this upper re h (6L-B1) omp red with trends in the lower

portion of the re h (6L-B2) (Figure 77) . Of the 18 surveyed ross-se tions in the upper re h, 6

h d P de lines in ex ess of 10% nd ll ut 3 ross-se tions experien ed some de re se in P from

1992 to 1994 (Figure 76) . Both su siden e nd tension ross-se tions exhi ited these de re ses .

Differen es in per ent ge h nge in P etween the 18 ross-se tions in p nel 6L nd the 30 ross-

se tions downstre m (p nels 8L, 9L, nd 1 OL) were st tisti l tested (

= 0

.05) for 1992-93,

1993-94, nd 1992-94 survey d t . In ll ses, me n h nge in %P w s gre ter in p nel 6L th n

in the lower portion of the h nnel, however, this differen e w s signifi nt for the 1993-94 nd

1992-94 d t ; not for the 1992-93 d t e use of the high v ri ility in this post-su siden e d t

set .
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Figure 75. Per ent h nge in wetted perimeter from 1992 to 1993 long the M in Ch nnel of

Burnout Creek .
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Figure 77. Per ent h nge in wetted perimeter from 1992 nd 1994 long the M in Ch nnel of

Burnout Creek .

As nti ip ted, h nges in R followed somewh t of n opposite p ttern s those for P .

From 1992 to 1993, few s ttered in re ses in R were noted in the imp ted (1700 to 2450 m)

re h (Figure 78). The me n h nge in R from 1992 to 1993 w s not signifi ntly different

etween the 18 ross-se tions ove p nel 6L (2.46%) nd the 30 ross-se tions in the lower

portion of the h nnel (1 .78%). Between 1992 nd 1994 more in re ses in R were noted in this

re h, ut not quite to the extent s those l ul ted for :' (Figure 79). The me n h nge in R

from 1993 to 1994 w s signifi ntly different etween the ross-se tions ove p nel 6L (4.28%)

nd those in the lower re hes (1 .11%). Ex mples of in re ses in R with time re shown for two

ross-se tions in Figure 76. Given the downstre m v ri ility in R h nges from ye r to ye r, the

trend of in re se R in the upstre m re h is not s not le s the respe tive tempor l h nge in

l ul ted P .
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Figure 79. Per ent h nge in hydr uli r dius from 1992 to 1994 long the M in Ch nnel of

Burnout Creek .
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Ch nges in hydr uli h r teristi of the South Fork h nnel in the vi inity of p nel 7L

( ross-se tions lo ted etween 290 nd 450 m) were less pp rent th n h nges ove p nel 6L

in the m in re h of Burnout Creek . None of the ye rly omp risons (1992-93, 1993-94, or

1992-94) showed signifi nt differen es in per ent h nge in P or R etween the imp ted nd

non-imp ted re hes of the South Fork . Sin e mining o urred in p nel 7L in l te 1993 nd

e rly 1994, h nges etween the 1993 nd 1994 ross-se tion surveys nd flood routing

simul tions should provide insights into ny mining-rel ted h nges. Eight of 10 ross-se tions

ove p nel 7L experien ed de re ses in wetted perimeter (P) etween 1993 nd 1994 . nlike in

the m in h nnel ( ove p nel 6L), these de re ses were gener lly very sm ll (only 2 of the

profiles ex eeded 10%, Figure 80) . In ddition, 8 of the 10 ross-se tions ove p nel 8L (not

mined) experien ed de re ses in P during this s me period (Figure 79) . Hydr uli r dius (R)

in re sed slightly during the 1993 to 1994 period for most ross-se tions, lthough only one of

these in re ses w s gre ter th n 5% (Figure 81) . The pp rent in re se in R in the upper re h of

the South Fork etween 1993 nd 1994 w s in the r nge of v ri ility in R v lues l ul ted in

the lower portion of the re h, thus the h nges nnot e dire tly ttri uted to su siden e .
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Figure 80 . Per ent h nge in wetted perimeter in the South Fork, 1993-1994 .
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Figure 81 . Per ent h nge in hydr uli r dius in the South Fork, 1993-1994 .

Flood Routing Con lusions:

The over ll findings of this hypotheti l flood routing study in the m in h nnel of

Burnout Creek show th t possi ly h nnel ottom s our ( nd thus edlo d sediment) would

in re se immedi tely following mining e use of lo lized h nnel djustments. This potenti l

for in re se in s our ppe rs to e on entr ted in the upper re hes ( ove 1990 m) nd does

not extend into ny of the lower portions of the dr in ge where fish h it t is import nt . On the

other h nd, the signifi nt de re ses in P me sured in numerous rosse tions in the 1700 to 245,0

m re h indi te th t nk erosion in this upper portion of the dr in ge m y tu lly e less

during pe k flows. This would potenti lly result in de re se suspended sediment during pe k

flows . Sin e suspended sediment is tr nsported mu h gre ter dist n es omp red with edlo d

sediment, the rel tive imp ts of these potenti l redu tions would e experien ed t very different

sp ti l s les : i .e ., in re sed edlo d tr nsport would likely h ve lo lized imp t (e.g ., s ouring

nd su sequent lo lized deposition) nd de re sed suspended sediment tr nsport would redu e
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sediment lo ds into re eiving w ter odies (i.e ., pper Huntington Creek nd Ele tri L ke). In

the next se tion we dis uss the sp ti l nd tempor l distri ution of ed sediment in pools

throughout Burnout Creek nd the rel tionship of sediment distri ution to our hypotheti l

hydr uli l ul tions .

It should lso e st ted

	

'&,I. inferen esth t these ~l'4A""AA1 -A-A--A- -A- ~A r\A1A - •~- ~ - -.-
strongly depend nt on ross se tion results . If ross se tions re in error then these inferen es

will lso e in error .

Sediment Ch r teristi s of Pools

Sediment h r teristi s in dyn mi equili rium environments throughout Burnout Creek

nd the J mes C nyon ontrol were ev lu ted y s mpling nd n lyzing ottom sediments from

every pool in the system during 1992, 1993, 1994, 1995, 1996, nd 1997 . S mples were

olle ted from the middle of e h pool using sm ll s oop. They were then dried nd sieved to

h r terize sediment size l sses. Ch nges in omposition of sediments in pools should refle t

erosion nd sediment tr nsport pro esses in the ne r vi inity or from upstre m . Prolonged

in re ses in fine sediment omposition of pool ottoms re known to e detriment l to fish h it t

(Phillips et l., 1975) .

J mes C nyon :

Medi n p rti le size (D50) in J mes C nyon pools r nged from low of - 4.5 mm in 1992

to high of- 17 mm in 1994, or pproxim tely four-fold differen e over the 6-ye r period

(Figure 82) . The v ri tion mong pools of this medi n p rti le size is shown in Figure 83 for oth

1994 nd 1997. Medi n p rti le size r nged from < 0 .1 to 60.0 etween pools . These d t

show the extreme n tur l v ri tion th t o urs in p rti le size oth etween ye rs nd lso

etween pools distri uted long the stre m h nnel .
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Figure 82. Ch nges over the study period in medi n p rti le di meter (D5o) of pool sediments in

J mes C nyon, 1992-1997 .
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The fine sediments so detriment l to fish h it t r nged from high of - 72% in 1992 to

low of - 34% in 1997 (Figure 84), or two-fold differen e ttri ut le to norm l v ri tion. The

v ri tion in fine sediments mong J mes C nyon's pools v ried etween < 1 % to > 80% in oth

1994 nd 1997 (Figure 85) .
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Figure 84. Ch nges over the study period in pool fine sediments (< 1 mm size) in J mes C nyon,

1992-1997 .
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Burnout Creek:

Two re hes of Burnout Creek were n lyzed for h nges in sediment omposition : the

M in Ch nnel nd the South Fork. The ye rly v ri tion in medi n p rti le size in the M in

Ch nnel (Figure 86), r nging etween -. 9 mm in 1993 to -21 mm in 1997, w s slightly less th n

th t in the J mes C nyon ontrol. The v ri tion in me n p rti le size mong pools w s out the

s me in oth the M in Ch nnel (Figure 87) nd in J mes. The fine sediments < 1 .0 mm in size

de re sed in the M in Ch nnel from high in 1992 of - 54% to low in 1995 of -30% (Figure

88), p ttern of h nge simil r to th t in J mes C nyon. The v ri tion of fine sediments mong

pools in 1994 nd 1997 is shown in Figure 89 .

Figure 86 . Ch nges over the study period in medi n

the M in Ch nnel of Burnout Creek, 1992-1997 .
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Ch nnel of Burnout Creek in 1994 nd in 1997 .

91



1

i
1
1
1
1
1

1
F
1
1
1
1
1
1
r
1
1

j 50
N
,v 40
0

30
E
E 20

N10
)

0

Burnout M in Ch nnel
Me n for ll Pools

60

•

	

- / - ∎
•

	

- - - - - ∎
•

	

- - - - - ∎
•

	

- - - - - ∎
•

	

- - - - - ∎
•

	

- - - - - ∎
1992 1993 1994 1995 1996 1997

Ye r

Figure 88 . Ch nges over the study period in pool fine sediments (< 1 mm size 'n the M in

Ch nnel of Burnout Creek, 1992-1997 .

92



I
1
1
1

1
P
1
1
1
1
1
1

I

E 40
E
v 20
N
65

0 200 400 600 800 1000 1200 1400 1600 1800
Dist n e (m)

1994 Burn Out : Pool Fine Sediments
By eight 1994 (< 32 mm fr tion)- 100

E
N 80
M

O 60
C0

!YA~

	

i=,A i ~fII~R1
AAMEN

0
E 40
E

20
N_

1997 Burn Out: Pool Fine Sediments
% By eight 1996 (<32 mm fr tion)

100
E
M 80
v
0 60 I

	

'I
fill!/71Y,/~
wrirm~r~~~~~

s
200 400 600 800 10001200140016001800

Dist n e (m)

Figure 89. Distri ution of of fine sediments in pools long the M in Ch nnel of Burnout
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Ch nges etween ye rs in the me n p rti le size in the South Fork did not m t h wh t

o urred in the M in Ch nnel. The l rgest medi n p rti le size o urred in 1994 with 1996 eing

lmost s l rge ut then de re sed g in in 1997 (Figure 90) . Differen es in medi n p rti le size

mong pools in the South Fork w s onsider ly less in 1997 th n in 1994 (Figure 91) .

Differen es etween ye rs in fine sediments (Figure 92) showed somewh t simil r p ttern s in

the M in Ch nnel of Burnout nd in J mes. The highest proportion of fine sediments o urred in

1992, nd the lowest in 1994. The v ri tion of fine sediments mong pools in the South Fork is

shown in Figure 93 .

Figure 90 . Ch nges over the study period in medi n p rti le di meter (D5o) of pool sediments in

the South Fork of Burnout Creek, 1992-1997 .
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Sediment Ch r teristi s Con lusions :

Although the two-fold v ri tion etween ye rs in me n p rti le size (D5o) in the M in

Ch nnel nd three-fold v ri tion in the South Fork of Burnout Creek did not ex eed th t

experien ed in the J mes C nyon ontrol re , the p ttern of h nges differed (Figures 82, 86,

nd 90) . Me n p rti le size tended to in re se progressively from initi l lows in the e rly ye rs to

higher levels espe i lly in the l ter ye rs. The highest level in J mes C nyon w s in 1994, ut

then de re sed y -1/2 in 1995 nd 1996, ut in re sed g in in 1997 . This suggests th t

su siden e m y h ve resulted in n in re se in the me n p rti le size .

The two-fold v ri tion etween ye rs in per ent ge of fine sediments in Burnout did not

ex eed th t in J mes C nyon. The p ttern of h nge etween ye rs w s the s me in oth

dr in ges (Figures 84, 88, nd 92) . This suggests th t su siden e h d no dete t le effe t on the

proportion of fines < 1 mm in size in the mined dr in ge .

Rip ri n Survey

Two types of veget tion surveys were ondu ted in 1992 in oth the upper nd lower

re hes of Burnout nd J mes Creeks. The upper nd lower rip ri n survey sites in Burnout

C nyon re lo ted in the middle of p nels 9L nd I OL, respe tively . The upper nd lower

rip ri n re hes in J mes C nyon re lo ted just downstre m of ross-se tion group Y nd just

upstre m of ross-se tion group Z, respe tively. At e h site, seven ross-se tions were

est lished perpendi ul r to the rip ri n omplex so th t the entire rip ri n re w s tr versed

(Figure 94) . Both ends of e h tr nse t were m rked nd photogr phed for future referen e . A

t pe me sure w s stret hed ross e h tr nse t nd sp ti l h nges in rip ri n ommunity types

were do umented. Rip ri n tr nse t v ried in length from 6.5 to 33 m depending on topogr phy

nd dr in ge position . In gener l, rip ri n tr nse t in the upper re hes were shorter th n those

in the lower re hes . A tot l of 15 rip ri n ommunity types were identified in the four re s nd

ommon n mes re in luded in T le 7 . Community design tions losely followed those given y

P dgett et l . (1989) . Be use omposition of rip ri n ommunities would e slow to

respond to hydrologi or geomorphi lter tions due to su siden e, these survey re
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intended to serve s en hm rks for future ev lu tion with re-me surements th t m y e

ppropri te if ommunity h nge e omes suspe t.
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Figure 94 . Ex mple of veget tion tr nse ts nd greeline survey t e h rip ri n omplex .

Rip ri n tr nse ts sele ted in the lower re h of Burnout Creek were domin ted y four

ommunity types (Figure 95) -- C rex mi ropler (37%), Artemisi n /un l ssified gr minoid

(22%), Artemisi n /Po pr tensis (17%), nd Po pr lensis (15%). The rip ri n re h in the

lower portion of J mes Creek w s domin ted (50%) y Jun us lti us (Figure 96), only minor

omponent of the veget tion omplex in the lower Burnout Creek rip ri n re h. The other two

most und nt veget tion ommunity types in lower J mes Creek were Artemisi

n /un l ssified gr minoid (24%) nd Artemisi n /Po pr tensis ( 12%) . The rip ri n re h

in upper Burnout Creek h d only four veget tion ommunity types : Po pr tensis (55%),

un l ssified gr minoid domin ted (23%), C rex mi ropter (12%), nd C rex qu tilis (10%)

(Figure 95) . Po pr tensis lso domin ted (55%) the rip ri n tr nse ts in upper J mes Creek .

The other three ommunity types were present, ut were less und nt (Figure 96) . Sever l other

ommunity types were lso present, in luding Des h mpsi espitos (1 1%) .
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T le 7. S ientifi nd ommon n mes of veget tion found in rip ri n re s .

L tin N me
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in veg . ommunity

	

C rex qu tiles
types .

	

C rex mi ropter
Des h mpsi espitos
Jun u lti us
Po pr tensis
Potentill fruti os

Other Groups of Spe ies

n l ssified onifer

	

mixed onifers
n l ssified de iduous trees

	

mixed de iduous
n l ssified for domin ted

	

mixed for s
n l ssified gr minoid domin ted mixed gr sses

Other woody spe ies

	

A ies l sio rp

	

su lpine fir
en ountered

	

Pi e engelm nnii

	

Engelm nn spru e
long greenline

	

Ri es spp .

	

goose erry
Symphori rpos oreophilus

	

mount in snow erry
--------------------------------------------------------------------------------------------------------------------------------

To ssess veget tion ondition dire tly long the stre m edge, "greenline" veget tion

survey w s ondu ted in e h of the four rip ri n re hes (Figure 94) . The greenline represents

the first ontinuous veget tion en ountered when moving w y from the perenni l w ter sour e .

Oftentimes the greenline is t the w ter's edge. The greenline survey onsisted of identifying

veget tion ommunity types en ountered long oth sides of the h nnel. Tot l length of the

greenline survey on e h side of the h nnel w s out 100 m. In ddition to ssessing veget tion
.k

ommunity types en ountered long oth sides of the h nnel. Tot l length of the greenline

survey on e h side of the h nnel w s out 100 m. In ddition to ssessing ommunity types,

stem ounts ( oth live nd de d) were m de for ll trees nd shru s en ountered within 1-m

wide strip with the left edge of the greenline (me sured from the greenline w y from the

h nnel). This llowed woody veget tion to e expressed on stems per unit re sis. A tot l

100

Common N me

silver s ge
w ter sedge
sm llwing sedge
tufted h irgr ss
B lti rush
Kentu ky luegr ss
ush inquefoil
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Figure 95 . eget tion ommunity omposition long tr nse ts for upper nd lower rip ri n

omplexes long Burnout Creek .

101



I

i
1
1
1
1
I
1
1
P
1

1

1
1

I

100
C
0

y 80
0
i.

Lower J mes Creek

IPopr=Po pr tensis

IC q=C rex qu tills

I Ju =Jun os lti us

IDe e=Des h mpsi espitos I
Pofr=Potentlll fr t os

Ar -Artemesi ne

Mgr-nlssified Gr minold I

Popr

	

Ju

	

Ar fPop

	

Pofr/Migr
C q

	

De e

	

Ar lMigr

Spe ies

1000
C
0

N 80
0
CL

() 0

pper J mes Creek

Popr=Po pr tensis

IC q=C rer qu tills

Ju =Jun us lti us

Dee=Des h mpsl espitos

ICm!-Crer mi ropter

Mlfo= n l ssified For

Migr= n l ssified Gr minold

IMi o- n l ssified Conifer

C mi
Popr

Spe ies
Mi o

C q
Migr

Mifo
Ju

	

Mi o/Popr
De o

Figure 96 . eget tion omposition long tr nse ts for upper nd lower rip ri n omplexes long

J mes Creek .
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of six spe ies of woody pl nts were found nd their ommon n mes re given in T le 7 .

Along the greenline in lower Burnout Creek, C rex mi ropler omprised 90% of the

veget tion ommunity types (Figure 97) . In the rip ri n re h in lower J mes Creek, Jun us

lti us o upied 55% of the greenline ; however, signifi nt mounts of C rex qu tilis (24%)

nd Des h mpsi espitos (20%) were present (Figure 98) . More th n 30 live Potentill

fruti os pl nts nd 10 live pl nts ofArtemisi n per 100 m of greenline were found in the

lower portion of Burnout Creek . Artemisi n w s more und nt (16 live pl nts per 100 m of

greenline) in the lower re h of J mes Creek; however, Potentill fruti os w s less und nt

( out 3 live pl nts per 100 m of greenline) . In the rip ri n re h long the upper portion

Burnout Creek, six ommunity types were present -- C rex mi ropter (27%), Po pr tensis

(23%), C rex qu tilis (18%), un l ssified gr minoid domin ted (16%), un l ssified onifer

domin ted (9%), nd un l ssified for domin ted (7%) (Figure 97) . Most of these s me

ommunity types o urred long the stre m nk of upper J mes Creek; however, Des h mpsi

espitos w s most und nt (50%) (Figure 98). Englem nn spru e (Pi e engelm nnii) nd

su lpine fir (A ies l sio rp ) long with Ri es spp. were present in sm ll num ers (<2 .5 live

stems per 100 m of greenline) in the upper re h of Burnout Creek . Symphori rpos ore ophilus

w s the domin nt woody shru (12.5 live pl nts per 100 m of greenline) in upper J mes Creek .

More th n six Engelm nn spru e per 100 m of greenline were noted in the upper re h of J mes

Creek .

As p rt of the rip ri n survey, qu lit tive ssessments of stre m over were m de for :

(1) overh nging nks, nd (2) veget tion nd ro k over. An ssessment of stre m nk st ility

w s m de s well. Continuous estim tes of e h of these three p r meters were m de long the

entire surveyed re h ( pproxim tely 100 m) in e h of the four rip ri n survey re s .

Overh nging nk over w s estim ted s the degree of nk overh ng ove the perenni l w ter

ourse (in luding soil nd sod m teri l, ut not overh nging veget tion) me sured perpendi ul r

to the nk in the following interv ls: 0 = no overh ng; 1 = slight overh ng (0-5 m); 2 =

moder te overh ng (5-10 m); nd 3 = l rge overh ng (>10 m). In-stre m veget tive/ro k over

w s estim ted s the rel tive mount of w terw y sh ded or prote ted y overh nging veget tion,

veget tion in the h nnel, or ro ks in the h nnel. Qu lit tive estim tes were s follows : 0 = no
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over; 1 = slight over; 2 = moder te over ; nd 3 = he vy over. Photogr phs were t ken of ll

over l sses to orrel te with qu lit tive ssessments . Stre m nk st ility w s qu lit tively

r ted in one of four l sses: 0 = st le; 1 = slightly unst le; 2 = moder tely unst le ; nd 3 =

highly unst le .

The gre test differen es in overh nging nk over etween the two stre ms surveyed

o urred in the lower re hes. The lower h nnel of J mes Creek w s n rrow with l rger

overh nging sod- overed nks th n in Burnout Creek (Figure 99) . In the upper re hes of oth

Burnout nd J mes Creeks, either no or very sm ll (0-5 m) overh nging nks were most

ommon (Figure 99). In-stre m veget tion over nd nk st ility were oth ver ged over the

greenline sed on weighted line r dist n e o upied y v rious qu lit tive estim tes. Aver ge

in-stre m veget tive/ro k over w s highest (1 .98) in the lower rip ri n re h of J mes Creek

nd lowest in the upper re h of J mes i` JL 6ie 8) . The higher over in the lower re h of

J mes Creek w s due to pl nts h nging over the rel tively n rrow h nnel. In-stre m over index

w s intermedi te in the lower (1 .25) nd upper (1 .39) re hes of Burnout Creek . Qu lit tive

estim tes of stre m nk st ility indi ted th t nks were le st st le in the upper rip ri n re h

of Burnout Creek (1 .91) . B nk st ility in the other her re hes of the two stre ms r nged from

1 .06 to 1 .34 (T le 8) .
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Figure 97 . eget tion ommunities long the greenline for the lower nd upper rip ri n

omplexes long Burnout Creek
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T le 8. Qu lit tive estim tes of nk st ility nd in-stre m over weighted y stre m dist n e .

L ndslide Inventory

A omprehensive l ndslide survey w s ondu ed long the monitored re hes of Burnout

Creek in utumn 1992. Only l ndslides th t were dj ent to the h nnel or visi le from the

h nnel were noted. Re ent slides were defined s those th t ppe red to o ur fter 1980 . For

re ent slides l rger th n 10 m3 , det iled me surements were t ken on the num ers nd sizes of soil

pipes th t m y h ve ontri uted to f ilure initi tion. For older slides it w s impossi le to

ur tely estim te f ilure dimensions, thus only rel tive position nd size of these f ilures re

shown in Figure 100 . These d t provide kground for omp rison with post-su siden e

l ndsliding frequen y. In 1993 nd 1994, surveys were ondu ted to do ument ny new

l ndslides th t o urred long Burnout Creek .
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St ility Cl ss

Me n In-Stre m

Cover Cl ss

Lower Burnout Creek 1 .34 1 .25

pper Burnout Creek 1 .91 1 .39

Lower J mes Creek 1 .20 1 .98

pper J mes Creek 1 .06 .98
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Figure 100 . Lo tion of l ndslides long Burnout Creek (* indi tes old l ndslides) .

Nine re ent l ndslides o urred prior to mining long Burnout Creek . These r nged in

size from 1 .9 to 156 m 3 . All ut two of these f ilures were on pproxim tely south-f ing slopes

(T le 9) . He ds rps of six of these re ent f ilures ont ined one or more soil pipes th t re

elieved to e ontri utory f tors in triggering these events (Blong nd Dunkerley, 1976 ;

Tsuk moto et l., 1982 ; Sidle et l ., 1985). Soil pipes r nged in size from < 1 m to 17 m

(T le 9) . All ut two of these re ent l ndslides were tr nsl tion l f ilures (de ris slides or

v l n hes); the rem ining two were rot tion l slumps . The two l rgest f ilures (#11 nd 12),
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lo ted long the upper m in h nnel of Burnout Creek, were sso i ted with previous

distur n es (Figure 100) . F ilure #11 w s lo lized slump/deep-se ted slide th t o urred in

the e stern portion of st ilized n ient slump lo k (f ilure # 10) . F ilure # 12 w s sso i ted

with n old ro d ut nd fill from logging oper tion .

T le 9 . Ch r teristi s of re ent, pre-mining l ndslides long Burnout Creek .

ithin old l ndslide #10.
110

l nd-
slide
#

- F ilure
Type

ol.
(m)

Estim ted
D te of
F ilure

Aspe t isi le
Pipes
Present

# of
Pipes

pipe
Di meters

( m)

1 De ris
v l n he

32 ' 1990 S20* E Yes 6 2,2,2,3,7,8

2 De ris

v l n he

30 " 1983-87 S22 0E Yes 4 2,6,7,4

3 De ris
slide

7 - 1983-87 South-
f ing

Yes sever l

4 De ris
slide slide

1.9 " 1990 . South-
f ing

5 De ris
slide

5.6 " 1990 South-
f ing

No

9 Slump 7 - 1983-87 N -

f ing
No

11 ` Slump/
slide

135 - 1983-84 S40"E Yes 1 17

12 De ris
slide

156 - 1983-84 E15' S Yes 3 6,6,5

14 De ris
slide

10.5 - 1988-90 N -
f ing

Yes 1 1.5
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A tot l of five older l ndslides were noted . These were ll very l rge, old (>50 ye rs)

slumps or om in tion slump/deep-se ted slide f ilures . It is likely th t some sm ller "old" slides

existed, ut they were impossi le to re ognize in the field due to infilling of the s oured zone nd

reveget tion. Approxim te size nd lo tion of these old l ndslides re shown in Figure 100 .

Any future tiv tion of these older slumps nd deep-se ted slides will e noted . All 14

l ndslides, oth re ent nd old, were photogr phed.

rIn the post-mining surveys (1993 nd 1994), only one new l ndslide (#15) w s

do umented -- sm ll de ris slide long the north-f ing stre m nk in the upper ephemer l

re h of Burnout Creek ove p nel 5L. This l ndslide w s likely triggered y snowmelt in e rly

spring 1993 . It is lo ted upstre m of slide #14 nd h s simil r dimensions nd volume. Sin e

su siden e h d lre dy o urred in p nel 5L (mostly during l te 1991 nd e rly 1992), the

initi tion of this sm ll f ilure w s not sso i ted with mining . None of the older l ndslides were

e tiv ted di irin the 1 942 to 1994 period. No re er

	

" '

	

`--d during 1996 .

Thus f r, it ppe rs th t su siden e from underground mining h s not in re sed the l ndslide

potenti l long Burnout Creek. However, it should e understood th t 1993 nd 1994 were

rel tively dry ye rs with only modest snowp ks . Thus, pore w ter pressures needed to initi te or

eler te l ndslides on unst le slopes m y not h ve een present during this period .

B seflow

Inst nt neous seflow me surements for sites CS-7, ne r the outlet of Burnout Creek,

were summ rized for the pre-mining period from 1981 to 1991 . Flow me surements were

ex luded from the n lysis if they were influen ed y spring snowmelt runoff or y storm event .

Gener lly, d t olle ted during the period from l te June to l te O to er were in luded in the

n lysis . The me n seflow dis h rge for the 41 pre-mining me surements is 0.43 fs; st nd rd

devi tion is 0.28 fs. A tot l of 49 seflow d t points were n lyzed for the post-mining period

from 1992 to 1994 . These d t represent tu l flume re dings t ken throughout the summer nd

utumn of 1992 nd 1994 (Figures 46 nd 47) . Ag in, storm events nd snowmelt runoff were
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ex luded from this d t se . hen weekly dire t me surements were not v il le, seflow

w s t ken from the re order (d ytime v lues) t CS-7. The me n seflow dis h rge for the 49

post-mining me surements is 0.40 fs ; st nd rd devi tion is 0.12 fs. There w s no signifi nt

differen e etween pre-mining nd post-mining seflows sed on t-test omp risons ( =0.05) .

Summ ry

This report n lyzes h nnel h nges nd rel ted hydr uli p r meters in mount in

stre m (Burnout Creek) th t h s een p rti lly imp ted y su siden e from underground o l

mining. Comp risons re m de etween re hes of stre ms th t h ve een su sided, the entire

stre m h nnel of the mined dr in ge, nd n un li r ted ontrol stre m in J mes C nyon. The

J mes C nyon serves s sis for judging whether h nge in h nnel h r teristi s in Burnout

might e ttri uted to su siden e tollowing mining . Ch nnel h r teristi s i ssined in the J mes

C nyon ontrol v ried onsider ly etween ye rs, pro ly resulting from om in tion of

su je tive l ssifi tion differen es etween o servers in different ye rs om ined with norm l

flu tu tion ttri ut le to v ri tions in stre m flow. However, h nges in Burnout Creek th t

ex eed those in J mes re ttri uted to the effe ts of mining .

Ch nges in h nnel h r teristi s were in onsistent etween mined p nels s well s

etween the M in Ch nnel nd South Fork . The most likely h nge in oth se tions of P nel 7L

(mined in 1993-'94) w s tempor ry in re se in the num er nd proportion of the h nnel in

pools omp red to the ppropri te se tion of the J mes ontrol. By 1997, however, this in re se

w s no longer dete t le. An in re se in pools w s lso pp rent in the M in Ch nnel portion of, '

P nel 8L (mined in 1995-'96), ut not in the South Fork portion of this p nel . In P nel 9L (mined

in 1995-'96) su siden e ppe rs to h ve resulted in n in re se in the proportion of the h nnel

o upied y pools, ut not in the tot l num er of pools . The pools here were fewer nd l rger .

The effe t of mining on stre m h nnel h r teristi s in the entire Burnout dr in ge

etween 1992 nd 1997 ppe rs to e gener l in re se in num er of pools in oth the M in

Ch nnel nd South Fork, ut h nges in pool volume were in onsistent. The proportion of the

M in Ch nnel in s des m y h ve in re sed, ut s des de re sed in the South Fork . Gre t
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ye r-to-ye r v ri ility in me surements in the stre m h nnel of the ontrol re (J mes

C nyon) o s ure the reli le dete tion of other h nges th t m y h ve o urred in Burnout .

Over ll, h nnel profile surveys with the te hniques used h ve not een useful for

interpreting imp ts rel ted to spe ifi regions of su siden e in this study . More reful nd

det iled me surements will e needed for su h d t to e of use in interpreting su siden e

imp ts .

Ch nges in the ross-se tions of the stre m h nnel ttri ut le to mining onsisted

l rgely of de re ses in elev tion nd some h nges in h nnel width. Drops of 1 .5 to 5 .5 feet in

elev tion o urred in zones of su siden e, where s drops of only 1 .5 to 3 .2 feet o urred in the

tension zones of mined p nels. Any o served h nges in width were usu lly n rrowing of up to

1 .5 feet in su siden e zones, nd widening of up to -y 2 .5 feet in tension zones . The mount

of erosion nd deposition me sured y these ross-se tions did not ex eed th t used y norm l

pro esses in J mes C nyon. Here g in we w nt to dd word of ution, not so mu h for the

method, ut for the num er of different people doing this work from ye r to ye r. Further studies

should try for more onsisten y. A tu l te hniques v ried from ye r to ye r, resulting in d t th t

presented pro lems during n lysis .

Typi lly, during the summer or utumn fter initi l su siden e, some h nnel onstri tion

w s me sured. However, one ye r l ter, some re overy to pre-su siden e geometry w s

o served . This so- lled re overy ould e rel ted to fluvi l reworking of the h nnel ottom,

stress relief fter su siden e, or even nim l tr ffi . Ch nges in h nnel geometry (espe i lly in

the h nnel ottom) ffe ted hydr uli properties: wetted perimeter often de re sed fter

su siden e nd, onversely, hydr uli r dius in re sed ( ut not to the extent of the de re ses

noted for wetted perimeter). These hydr uli properties were l ul ted sed on routing of

design stormflow through the sin nd llowing for tempor l h nges in h nnel ross-se tions .

C l ul tions for the imp ted re h over p nel 6L suggest th t ed she r stress m y in re se

during pe kflows, thus using potenti l in re ses in h nnel s our, edlo d tr nsport, nd

winnowing of finer ed m teri l . On the other h nd, the l ul tions indi te th t h nnel erosion

m y e less e use of the sm ller wetter perimeter me sured following su siden e . This

potenti l for redu ed h nnel nk erosion ould de re se suspended sediment tr nsport . Some
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of these predi ted h nges re p rti lly onfirmed y n lyzing the su str te d t olle ted from

pools throughout Burnout Creek .

Although the two-fold v ri tion etween ye rs in me n p rti le size (D5o) in the M in

Ch nnel nd three-fold v ri tion in the South Fork of Burnout Creek did not ex eed th t

experien ed in the J mes C nyon ontrol re , the p ttern of h nges differed somewh t . Me n

p rti le size tended to in re se progressively from initi l lows in the e rly ye rs to higher levels

espe i lly in the l ter ye rs. This suggests th t su siden e m y h ve resulted in n in re se in the

me n p rti le size. Su siden e h d no dete t le effe t on the proportion of fines <1 mm in size in

the mined dr in ge .

Rip ri n veget tion surveys were ondu ted in 1992 long the stre m h nnel in Burnout

s well s long the J mes C nyon ontrol. i nese survey re intended to serve s en hm rks to

omp re with future reme surements th t m y e ppropri te to dete t possi le h nges in

rip ri n pl nt ommunities th t might e ttri uted to mining .
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