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Et ou le E n cti n e e ri nc) co rp o ra ti a n
l9  t  E. . r -st  I  OO ;Y,) : t .1
. : ' . i ) .  8ox  r , i
/  'J ; ' .  Utr l ,  91501

January 25, 1982

Mr.  Wi l l iam Wol len
Genwal Coal Company
P .  O .  Box  1201
Hunt ington,  Utah 84528

Dear  Mr .  Wo l l en :

c c l n s l J i t i n g l  . t i ' I q l n e 1 3 r s  /  a r c f i l t g s t s

a a ,  /  6 3 7 - 6 1 2 1

JAI'I 2 6 198?

olvl$loN 0F
OL, GAS & MINING

tn  response to Mant i -Lasal  Nat ional  Forest rs  le t ter  dated January 13,  1982we
have revised the appropriate drawings to comply with the summary of com-
ments offered in the letter. A summary of what has been done fol lows:

1. A note has been added to drawing no. 007 call ing for a supereleva-
t ion rate equal to reverse crown of 2 percent.

Z. Minimum slope rounding on drawing no. 017 has been revised to re-
qui re 1.5: t .  Road a l ignment  between Stat ion 77+00 and Stat ion 81+16
has been revised to al low an embankment slope of 1.5:1 to be con-
structed without encroaching upon Crandal Creek-

3. A note has been added to drawing no. 016 indicating erosion protec-
t ion measures may be necessary on the interior borrow ditch. The
half round pipe has been set at subgrade elevation.

Review of hyd rology calculations indicates a 48" diameter culvert wil l
handle the runoff from a ten year precipitat ion event with HWID
approximately equal to 1. 1 with proiecting entrance. An end section
is  speci f ied on the drawings which reduces HW/D to less than 1.0.
Drawing no. 019 has been revised requir ing grouted rock r ip-r-apat
outlet o? 48" diameter culvert. The abrupt deflection in the 48rr diam-
eter cutvert has been replaced with a smooth 100 foot al ignment curve.
Catcutations indicate al lowable soi l  pressures along the transit ion wil l
not be exceeded.

A concrete box has been added at the outlet of the culvert handling
undisturbed runoff from the lower interceptor ditch-

We are await ing comments from the state damn safety engineer and
DOGM concerning adequacy of design of the sediment pond.



4. A sign has been added to drawing no. 023 at Station 75+25 advising
traff ic of mine activit ies ahead.

Hopefu l ly  these rev is ions wi l l  complete your  mine submit ta l  package.

Very Tru ly  Yours,
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Crandal' l  Canyon Mine Site Plan Desisn {l f t l t i , t f t  f  Z lg' l  
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INTRODUCTION
DIVISION ()F

rlq purpose of this narrative is to substantiate.tF[9nlgpilrlF[AlQ
Cranda l l  Canyon I ' l i ne  s i te  p1an.  Economic ,  env i ronmenta l -a r id -geograph ica l
cons t ra in ts  make su i tab le  deve lopment  o f  the  mine  s i te  ex t remely  d i f f i cu l t .
Th is  nar ra t i ve  covers  on iy  the  most  economica l  deve lopment  a l te rna t ive
wi th  cons idera t ion  toward  min imiz ing  env i ronmenta l  impact .

DESIGN DESCRIPTION

Traff i c

The hau l  road a l ignment  has  been mod i f ied  to  d i rec t  t ra f f i c  no t
assoc ia ted  w i th  Genwa l ' s  m ine  opera t ion  a round  the  mine  fac i l i t i es .  Th is
min imizes  po ten t ia l  in te r fe rence w i th  the  opera t ion .  Th is  a ' l ignment  neces-
s i ta tes  decreas ing  the  rad ius  o f  two curves  to  approx imate ly  

. |50  
fee t .  In

order  to  ma in ta in  the  2 . |0  fee t  rad ius  as  recommended in  the  Fores t  Serv ice
des ign  c r i te r ia  e i ther  sh ' i f t ing  o f  the  s to rage p i le  fu r ther  in to  the  h i ' l l -
s ide  or  fo rc ing  the  2 . |0  fee t  rad ius  wou ld  be  necessary .  I f  the  s to rage
pi les were shi f ted the resul t  would be more excavat ' ion and more exposed
cut .  I f  the  2 . l0  fee t  rad jus  was app ' l ' i ed  to  the  a l ignment  the  resu l t  wou ld
be encroachment of  the embankment into Crandal l  Creek. This would force
e i ther  rea l ignment  o f  Cranda l l  Creek  or  cons t ruc t ion  o f  re ta in ing  s t ruc-
ture in the creek bottom to prevent the embankment f rom encroaching upon
the  c reek

mited tg underE:ound mine
y:ffi-op-

m] ne
-eq u i pme n t, ma n - TFiF, T-nd ma i n te na n c e a n d -s upp-lJ.*-y ej:-Eles. neaess.e]^y -T-qr
Frut-i;nffi ile wTl T*Ee"ffi:Ton 

-tfucks. 
t'4osTTiaff iera t ]on f f ioT-VenT i le_Wi l lbe two- ton t rucks .Mos t t ra f f i c

wr- 'Tf-Ue three-quarter to one ton pick-up trucks.  Ant ic ipated volume is ten
round t r ips  per  day .

Hydrol ogy

Culvert  and d' i tch s iz ' ing was performed as per D0GM requirements and
sound engineer ing pract ice.  Undisturbed runoff  f rom the area above the
mine has  been d i rec ted  around the  d is tu rbed area .  Eros jon  cont ro l  and preven-

0q
f"u't#i:"

V' "  t4
t . ' ( t ' ' '
tv

t ion  measures  have been taken and inc lude ins ta l l
48 i  nch
pond
from a

gated  s tee l  p ipe ,  ve loc i ty  cont ro l  d rop  s t ruc tu re  a t
i lr€m€'ff iT/eft and surface culvert at station 73 +

the out l  et  of  the
00.  The sed iment

accommodate runoffwas  des igned in  accordance w i th  DOGM regu la t ions  to
d is tu rbed area  o f  approx imate ' l y  10 .4  acres .

In  o rder  to  reduce sed iment  load in  Cranda l l  Creek  dur ing  cons t ruc t ion ,
i t  is  recommended a minimum of three temporary straw dams be instal led down-
s t ream f rom the  cons t ruc t ion  area .  These dams shou ld  be  loca ted  a t  po in ts
on Cranda l l  Creek  wh ich  are  eas i l y  access ib le  and as  near  the  ac tua l  cons t ruc-
t ion  as  poss ib le .  Const ruc t ion  o f  the  sed iment  pond shou ld  p recede o ther
mine site improvements. The berm, and halfround cgrruqatq9 ster*-giff_on the
haul  road wi i l  help direct  aTf*di  e s i te inTo the
sed iment  pond.
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Genwal Coal Company
Page 2

Embankments

Recommendati ons offered
Geotechn ica l  Consu l tan ts  and

in geotechnical  reports prepared by Del ta
R & M Consu l tan ts  have been incorpora ted  in

the desi gn. .Celef u ni  tor i o f  cons on  in  c r i t i ca l  a reas  w i l l
be necessary to ident i f .y and use the cor sectl on [T;r-rTI;

: l  o r  * : l  s l opesJ . n eCti on at the 
-[66-o'F-51tjFc"s*'aA]a"eent

ff eianddTT-Cr-6K^will
road p lans .

Recl amati on

be as per  typ ica l  sec t ions  de ta i led  in  the  hau l

Upon comple t ion  o f  min ing  opera t ions ,  regrad ing  w i '11  be  accompl ished
to br ing the f in ished topography to that  pr ior  to development as near ' ly .
as  i s  poss ib le  and prac t ica l .  Reference is  made to  S i te  P lan  Drawings
GOl -C-016 and G01-C-017.  These drawings  ident i f y  and cor re la te  p roposed
development wi th reclamat ion plan. I t  should be noted that the_Forest
Service has expressed a desire to keep the haul  road in s-gr ld"gg af ter. T ' . F
reclamat ion. l \ -o po'Streclamat jon topography is provided. Topography on
eTStiTg pre-deveiopment plans (C-0i6) shal l  be used as reference for
rec lamat ion  grad ing .

e
a
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December B, l9Bl

Mr .  t ^ l i l l i am C.  t ^Jo l len
Vice  Pres ident
Genwal Coal Company
P.0 .  Box  

'1201

Hunt ington, UT 84528 *

Dear  Mr .  l , lo l len :

We have comple ted  the  Cranda l l  Canyon mine s i te  p lan  des ign  as
per  your  d i rec t ion .  The  mine  S i te  p lan  des ign  i s  de ta i led  on
drawing  nos .  G01-C-016 th roughf0 l -C-022.  These drawings  were  done
under  the  d i rec t ion  o f  a  Reg is te red  Pro fess iona l  Eng ineer .

As per your request concerning other drawings, hau' l  road and
br idge drawing  nos .  GOl -C-00 ' |  th rough G01-C-015 were  a lso  done under
the  d i rec t ion  o f  a  Reg is te red  Pro fess iona l  Eng ineer .

A br ief  design narrat ive has been wri t ten to accompany p' lans
and he lp  exp la in  and subs tan t ia te  des ign  se lec t ion .

Thank you for the opportuni ty to do this work.
' 

Very
BOYLE

Truly  Yours,

:b t

o

Ari  ot t i

No.  5617
DAVID R.
ARIOTTI
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December B, l98l

Mr. [^|i I I i am C. l^lol I en
V ice  Pres ident
Genwal Coal Company
P.0 .  Box  l20 l
Hunt ington, UT 84528

Dea r .Mr. l,Jol I en :

l ie have completed the Crandal l  Canyon mine si te plan design as
per  your  d i rec t ion .  The  mine  s i te  p lan  des ign  i s  de ta i led  on
drawing  nos .  G01-C-016 th rough GOl -C-022.  These drawings  were  done
under  the  d i rec t ion  o f  a  Reg is te red  Pro fess iona l  Eng ineer .

As per your request concerning other drawings, haul  road and
br idge drawing  nos .  G01-C-001 th rough G01-C-0 . |5  were  a lso  done under
the  d i rec t ion  o f  a  Reg is te red  Pro fess iona l  Eng ineer .

A  br ie f  des ign  nar ra t i ve  has  been wr i t ten  to  accompany p lans
and he lp  exp la in  and subs tan t ia te  des ign  se lec t ion .

Thank you for the opportuni ty to do this work.

Very Tru'ly Yours,

:b t

No.  5517
DAVID R.
ARTOT'r l



March  30 ,1982

Genwal Coal  Company
P.0 .  Box  l20 l
Hunti ngton, UT 84528

At tn :  Mr .  h l ' i l l i am C.  h lo l len

Gent l  emen:

SUBJECT: Supplemental  Study
Canyon Mi ne

DIU!$1.3ru itt-
fiiL, iJA$ & n4lf.itftc

Itrir., aj ' r d  l A  : '
' i  i ) ) : !,.,,l$ 

i $, :;
t:g:i,7

,B,w
R&M No.  l6103 l

I  r ;3 i

)

f o r  Sed jmen ta t i on  Pond  S tab j f i t y  a t  C randa l l

We  have  pe r fo rmed  the  add j t i ona l  s lope  s tab i l i t y  ana lys i s  on  the  downs t ream
s ' l ope  o f  t he  pond  embankmen t  fo r  t he  sub jec t  p ro jec t ,  supp ' l emen ta l  t o  ou r
o r i g ina l  s tudy  documen ted  i n  a  repo r t  en t i t l ed  "Embankmen t  S lope  S tab i l i t y
S tudy ,  Sed imen ta t i on  Pond ,  C randa l l  Canyon  M jne ,  Hun t ing ton ,  U tah" ,  da ted
December ,  l 98 l .

I n  o rde r  t o  improve  the  fac to rs  o f  sa fe ty  o f  t he  downs t ream s lope  o f  t he  pond
embankmen t ,  t he  t yp i ca l  c ross -sec t i on  o f  t he  pond  was  rev i sed  by  Boy le  Eng inee r ing
Corp .  o f  P r i ce ,  U tah  as  shown  in  F ig .  6  a t tached  he rew i th .  The  c res t  o f  t he
pond  was  l owered  to  E lev .  7787  f t ,  t he  ups t ream s lope  o f  t he  pond  embankmen t  was
s teepened  to  l .SH: IV ,  and  the  pond  f l oo r  was  l owered  to  E lev .  7769  t t  t o  f o rm
a  V-shape .  Due  to  those  changesn  the  pond  embankmen t  was  sh i f t ed  s l ' i gh t l y  t oward
the  h i l l s i de .

The  same so i l  pa ramete rs  as " in  the  o r i g ' i na1  s tudy  was  used  i n  the  STABL2  compu te r
p rog ram fo r  t he  ana lys ' i s  o f  t he  s iope  s tab i l i t y  o f  t he  downs t ream s1ope .  Fo r
a  2H : lV  s l ope ,  t he  f ac to r  o f  sa fe t y  i s  

. l . 540  
unde r  s ta t i c  cond j t i ons  and  

. I . 3 ' 14

under  se i sm ic  cond i t ' i ons  (w i th  unassumed  ho r j zon ta l  acce le ra t j on  equa l  t o  B% o f
g rav ' i t y ) .  A  se t  o f  cop ies  o f  t he  compu te r  ou tpu t  i s  a t tached .

$$*;



Genwal  Coal  Company
March  30 ,  

. | 982

Page  Two .

The fac to rs  o f  sa fe ty  o f  the  rev ised c ross-sec t ion  o f  the  sed imenta t ' ion  pond,
as  shown in  F ig .  6 ,  p rov ' ide  an  adequa te  marg in  aga ins t  s lope  fa i lu re .  We w i l l
be  g lad  to  answer  any  ques t ions  you may have regard ing  th is  supp lementa l  s tudy .

Prepared by : Revi  ewed by:

Qst"^
J .S .  L i u ,  Ph .D . ,  P .E .
Sen io r  Geo techn jca l  Eng inee r

cc :  ,DAr i  o t t i  /Boy1e Engi  neeni  ng Corp.
r,/CwHedberg/D0GM

BBarney /U .S .  Fo res t  Se rv i ce

C i t y  O f f i ce

IMN
UIilIffiNO

BSgT
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1 37 Wost 2260 South , Salt Lake City, Utah &41 I S Totephono (SOl ) {fJ7-77il

December 8, 1981

Mr .  t , { i l l  i am C.  l . lo l len ,  V ice  Pres ldent
Genwa'l Coal Company
P.  0 .  Box  1201
Hunt ington, Utah 84528

Subject :  Cut S' lopes and Safety Factors for
Portal  Pads and Access Roads to
Genwal Coal lvl i ne

De l ta  Job  No.  1169

Dear  B i l  I  ,

Th is  le t te r  summar izes  our  p rev ious  recommendat ions  concern ing  cu t  s lopes
and cut s lope safety factors for  the proposed access roads and portal
pads .  P lease re fe r  to  our  repor t  da ted  Novembr  27 ,1981 fo r  de ta i l s .

Mater ia l  to be Cut

Competent Bedrock

Recommended Sl ope Safety Factor

l r : l  to  ver t l ca l  The d ip  o f  the  po ten t ia l
s ' l  id i  ng  p l  anes  s ' lope  away
from the proposed a1 ign-
ments ;  there fore  rock  cu ts
are  cons idered s tab le  and
a numerical  safety factor
aga ins t  s l  i d ing  i s
i  nappropr i  a te  .

t : l  Same as  above.Fractured Bedrock

Sha l low Sur f i c ia l  Depos i t s  l :1  a .
( less  than 4  fee t  deep)
0ver ly ing Bedrock

b .

1.10  to  less  than  1
for the sha' l ' low suF-
f i c ia l  depos i t s .

Same as above for
bedrock .

Soil8. Foundatlons. Geology . Laborstory Testing .Goochomistry. Mineratogy
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R&M No.  l6103 l

Genwal Coal Company
P.0 .  Box  l20 l
Hunt ington, UT 84528
ATTN:  Mr .  Wi l l i am C.  h lo l len

Gent l  emen:

SUBJECT: Sed' imentat ion Pond Embankment S' lope Stab' i1 i ty Study
Cranda l l  Canyon Mine

Inc' luded herewith are s ix cop' ies of  the embankment s lope stabi ' l ' i ty  study report
fo r  the  sub jec t  p ro jec t .  Th is  repor t  was  au thor ized  by  your  Mr .  Wol len  on
December  7 ,  

. |98 ] .

l^ le appreciate the opportuni ty
th is  p ro iec t  and  w i l l  be  g lad
th is  repor t .

S i  ncere ly ,

provi  d i  ng

: Mr . Dave Ar j ott ' i  /Boy1e Eng'i neeri ng Corp . ( 1 copy )
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DivlsltlN 0F
orL, gns & Mlt'llNG
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YY/41g1 iacc ' io ,  P .E.
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EMBANKMENT SLOPE STABILITY STUDY

SEDIMENTATION POND

CRANDALL CANYON MINE

HUNTINGTON, UTAH

Prepared for

GENWAL COAL COMPANY
Hunt ing ton ,  Utah

by

R&M Consu l tan ts ,  Inc .
Sa l t  Lake C i ty ,  U tah

Pro j .  No .  l6 l03 l

December,  l98l
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I . INTRODUCTION

Presented  in  th is  repor t  a re  the  resu l ts  o f  our  s lope s tab i ' l i t y  ana lys is  o f  a

sed' imentat ion pond proposed by Genwa' l  Coal  Company for i ts Cranda' |1 Canyon Mine

fac i l i t ies .  The Cranda l ' l  Canyon Mine,  loca ted  w i th in  Cranda l l  Canyon,  i s  approx i -

mately 16 m' i les northwest of  Hunt ington, Carbon County,  Utah and is approximately

l *  m i les  wes t  o f  the  junc t ion  o f  Cranda l l  Creek  and  Hunt ing ton  Creek  (F ig .  l ) .

The proposed sed imenta t ion  pond is  to  be  bu i l t  ius t  be low the  proposed hau l

road and above the Crandal l  Creek between Stat ' ions 74+50 and 76+50. The pond

embankment wi l l  be constructed immediately above the creek and wi l l  adioin the

proposed hau' l  road to form the impoundment.

This report  has been prepared in accordance with a contractual  agreement between

Genwal  Coa l  Co. ,  Hunt ing ton ,  Utah  and R&M Consu l tan ts ,  Inc .  (R&M)n Sa l t  Lake C i ty ,

U t a h .  
!

I  I .  SCOPE

The proposed sedimentat ion pond is to serve as a temporary retent ion area for

sur face  runof f  co l lec ted  f rom the  ups lope por t ion  o f  the  proposed coa l  s tockp i le  a reas

and the  hau l  road.  The suspended so l id  par t i c les  in  the  re ta ined water  w ' i l l  be

a l lowed to  depos ' i t  on to  the  sed imenta t ion  pond f loor  be fore  the  water  i s  d jscharged

in to  the  Cranda l l  Creek .

The proposed sedimentat ion pond has a maximum capaci ty of  approximately 52,000 cu

ft .  The crest  of  the pond embankment,  14 f t  above bottom of the pond, is to be

constructed to Elev.  7790 f t , ,  and ' is  approx' imately l4 f t  below the roadbed of  the

hau l  road.
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The ups t ream s lope o f  the  embankment  i s  2H: lV ,  wh i le  the  downst ream s lope and the

hau l  road embankment  a re  l lH : tV .  The pond is  to  be  l ined  w j th  l - f t  th ick  compacted

imperv io i rs  c lay  mater ia l  to  p revent  the ' impounded water  f rom seep ing  in to  the

embankment .  Deta i l s  o f  the  proposed pond cons t ruc t ion  are  shown in  F ig .  2 .

The object ives of  th is study are to determine the stabi l i ty  of  the embankments

which form the impoundment for  the proposed sedimentat ion pond and to present recom-

mendat i  ons for  improvi  ng thei  r  stab j ' l ' i ty  as deemed necessary.

The scope o f  work  does  no t  inc lude f ie ld ' inves t iga t ion  nor  labora tory  tes t ' ing .

For analysis purposes, the surface condi t ions of  the proposed pond s ' i te at td the

eng' ineer ing character ist ics of  the embankment mater ia l  were obta' ined based on two

reports on related subjects furnished to R&M by Genwal Coal  Company: l )  "S1ope

Stab i ' l i t y  Inves t iga t ion ,  Por ta l  Pads  and Por ta l  Access  Roads,  Genwal  Coa l  Mine ,

Hunt ing ton ,  Utah"  da ted  November  27 ,  198. |  by  De l ta  Geotechn ica l  Consu l tan ts ,  Inc . ,

and 2)  "So ' i l s  S tudy ,  Genwal  Coa l  Co.  Cranda l l  Canyon Mine Permi t  Area"  by  Va1 ley

Eng' ineer ing Inc.  These reports w' i l1 be referenced as Report  No. I  and Report  No.

2 ,  respec t ive ly ,  here ' in  a f te r .

I I I .  EXISTING SITE CONDIT IONS

The descr ip t ion  o f  the  sur face  cond i t ions  per t ' inen t  to  th is  s tudy  presented

be low i s  based  on  the  fo l low inq :

l )  Topograph ic  c ross  sec t ions  o f  the  Cranda l l  Creek  dra inage a t  the  proposed

pond si te and an adioining area made by R&M,

2)  Topograph ic  c ross  sec t ions  and subsur face  inves t iga t ions  f rom Repor t

No .  l ,

3 )  Sur f i c ia l  so j l s  c lass i f i ca t ions  o f  the  genera l  a rea  f rom Repor t  No.  2 ,

and
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4)  Des ign  drawings  o f  the  pond and hau l  road by  Boy le  Eng ineer ing  Corp . ,

P r i ce ,  U tah .

Cranda l l  Creek  is  loca ted  w ' i th in  a  nar row,  V-shaped dra inage w i th  s teep to

very  s teep,  bedrock  cont ro l led  s lopes .

The crest  of  the proposed pond embankment is located on a moderately north-

slop' ing stream terrace of  Crandal l  Creek, approximate' ly 35 f t  above and 60 f t  south

of Crandal l  Creek. Extensive,  steep to very steep slopes border the terrace on the

south.  A l0- f t  h ' igh,  steep,creek embankment borders the terrace on the north.

The surf ic ia l  deposi ts over ly ing the steep to very steep slopes above the

proposed sed imenta t ion  pond are  co l luv ia l ,  cons ' i s t ing  o f  he terogeneous mix tu res  o f

g rave l  to  cobb le  to  bou lder  s ize  rock  in  a  s i l t y  sand mat r ix ,  der ived  f rom nearby

ups ' lope weather ing  o f  the  under ly ing  sands tone bedrock .  Based on  Repor t  No.  l ,

bedrock is est imated to be at  approximate depth 4 f t  in these steep to very steep

s lope  a reas .

Sur f i c ia l  depos i ts  a t  the  pond embankment  s i te  a re  a l luv ja1 ,  cons is t ing  o f
a

s t ream te r race  depos i ts ,  and cons js t  o f  sand to  s i ' l t y  sand w i th  lessor  amounts  o f

gravel ,  cobble and boulders.  Bedrock under ly ing the pond embankment and pond si te

is est imated to be below the maximum depth re ' levant to our study.

A proposed mjne hau l  road is  loca ted  approx imate ly '100 f t  ups lope f rom the  pond

embankment s i te and is approximate' ly l4 f t  above the embankment crest .

IV .  SUBSURFACE CONDITIONS

are  based on  the  logs  o f  two tes t  p i ts  (Tes t  P i ts  Nos.  l

located 100 f t  lef t  of  approximate stat ' ions 76+00 and

road.  Both  tes t  p i ts  a re  loca ted  a t  the  proposed sed i -

and encountered  med ium dense,  wet  to  mo is t  sand and s i l t

and 4 f t .  Th' is was under la ' in by medium dense to dense,

Subsurf  ace condi  t ' ions

and  2 ) ,  f rom Repor t  No .  l ,

76+50 of  the proposed haul

mentat i  on pond embankment

to  sandy  s i l t  to  depths  3
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s l igh t ly  mo is t ,  g rave l l y  to  s i l t y ,g rave l l y  sand conta in" ing  vary ing  amounts  o f  cobb les

and boulders to the excavated depths of  7 and 10 f t .  One of  the test  p i ts encountered

a 1} - f t  th ick  sur face  layer  o f  coa l  was te .

Subsurface condi t ions in the steep slope area above the proposed pond are based

on rock outcroppings mapped immediately above the si te and on Subsurface invest iga-

t ions  in  the  genera l  v ic in j ty  in  Repor t  No.  l .  The sur f i c ia l  depos i ts ,  cons is t ing

predominant ly of  sand, gravel ,  cobbles and boulders,  are est imated to be approximately

4-f t  deep.

Ground water was not encountered in previous invest igat ions and is not ant ic i -

pated to be with ' in the depths relevant to th is study. Surface seeps occurr ing

throughout  the  s ' lope  areas ,  ind ica ted  in  Repor t  No.  l ,  a re  cons idered to  be  loca l i zed ,

superf ic ia ' l  features only,  due to their  occurrence up-dip f rom the general ly uni form

bedding at t i tude of  the area

V.  ANALYSIS

A computer program ent i t led "STABLZ",  was ut i l ized for the analysis of  the

sed imenta t ion  pond s lope s tab i l i t y .  STABL 2  was deve loped ' in  
. |975 

by  R.A.  S iege l

and subsequent ly  rev ised in  1978 by  E.Bout rup  o f  Purdue Un ivers i ty ,  fo r  the  Ind iana

State H' ighway Oepartment.  The program analyzes slope stabi l i ty  by the Modif ied

B ishop Method,  us jng  the  l im i t ing  equ i l ib r ium procedure  to  de termine the  fac to r  o f

s afety

Cri t ical  cross sect ions of  the pond embankment were obtained from des' ign

drawings furnished by Boyle Engineer ing Corp. (Figure 2).  The natural  ground surface

prof i ' le was obtained from topographic map coverage, furnished by Genwa' l  Coal

Company



I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
t
I
I
t

A typ' ica1 cross sect ion cut through Stat ion 75+40 of  the haul  road was analyzed

fo r  the  s lope  s tab i l i t y  (F ig .  3 ) .  Inc luded ' in  the  ana lyses  a re  th ree  s lopes :  l )  the

downst ream s lope o f  the  pond embankment ,2 )  the  ups t ream s lope o f  the  pond embankment ,

and 3) t f re haul  road embankment,  which forms a port ion of  the impoundment of  the

sed imenta t . ion  pond.  An equ iva len t  un i fo rm o f  load  
. l00  ps f  cover ing  two l l - f t  lanes  was

used as the t raf f ic  load for the proposed haul  road.

Two cases  were  inves t iga ted  fo r  each s lope:  l )  an  empty  poo l  cond i t ion ,  and

Z)  a  fu l l  poo ' l  cond i t ion .  The fu l l  poo l  cond i t ion  was taken a t  2  f t  be low the  c res t

of  the pond embankment.  Analysis was made for each case w' i th and without se' ismic

load ing .  A  hor izon ta l  acce le ra t ion  o f  8% o f  g rav i ty  was u t i l i zed  fo r  the  se ismic

load ' ing ,  based on  recommendat ions  f rom' lSe ' i smic  Zones fo r  Const ruc t ion  in  Utah , "

September 1979, by the Seism' ic Safety Advisory Councj l  of  Utah.

The cross sect ' ion of  the pond embankment consists of  three types of  soi ls-

Type 1 soi l  is  the embankment mater ia l  for  bui ld ing the pond embankment,  type 2 soi l

. i s  the  c lay  l iner  fo r  the  pond,  and type 3  so i l  i s  the  na tura l  so i l  upon wh ich

the pond embankment is constructed.

The pond embankment  j s  to  be  bu i l t  w j th  na t ive  maler ia l  ava i lab le  in  the  genera l

v ic inJty of  the Crandal l  Canyon Mine area. Based on l9 hydrometer part ic le s ize

ana lyses  fo r  the  genera l  a rea ,  inc luded in  Repor t  No.  l ,  the  na t ' i ve  so i l s ,  exc lus ive

of  g rave l ,  cobb le ,  s tone or  bou lder  s izes ,  i s  approx imate ly  50% sand by  we igh t  w i th

lessor  amounts  o f  s i l t  and  c lay .  Genera l  descr ip t ' ions  o f  so ' i l s  in  the  s i te  a rea ,

inc luded in  Repor t  No.  l ,  ind ica te  g rave l  and cobb le  s ize  mater ja l  rang ing  f rom

l0-30% by  we1ght ,  and s tones  and bou lder  s ized  mater ia l ,  genera l l y  con f ined to  the

surface 1ayer,  of  0-30% bY weight.
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The c lay  l iner  fo r  the  pond is  to  be  bu i l t  w i th  loca l  c lay  mater ia l ,  compacted

form an impervious membrane to cut  of f  water seepage' into the pond embankment.

The na tura l  so i l s  under ly ing  the  proposed embankment ,  as  p rev ious ly  descr ibed

the subsurface sect ion of  th i  s report ,  are predominant ly sand with varying amounts

cobb le ,  g rave l ,  and  s i l t y  to  c lay  s i ze  mate r ia l .

The bedrock ,  accord ing  to  Repor t  No.  l ,  i s  less  than 4  f t  be low the  ex is t ing

steep slope above the proposed pond si te.  For analys ' is  purposes, the bedrock was

assumed to be at  4- f t  depth and para' |1e1 to the exist ing s lope above the proposed

pond s i te .  Th is  bedrock  wou ld  ex tend to  a  subs tan t ia l  depth  be low the  proposed pond

embankment  and wou ld  have l i t t le  consequence to  the  s tab i l i t y  o f  the  pond embankment .

For  ana lys ' i s  purposes ,  the  fo l low ing  so i l  parameters  were  used in  the  s lope

s tab i  1  i t y  inves t iga t ion :

Un i t  Wt . ,  pc f
Ym Ysat o ,  degrees  c ,  ps f

1n

of

Soi I  Layer

Type 1

Type 2

Type 3

Descr i  pt i  on

Embankment f i  I  I
(  granul  ar  )

Pond Li  ner
(  cohes  j  ve)

Natural  Soi  I
(granu' l  ar  )

120

120

110

132 38

35

132

125

20 
. |000

Because of  the shal low depth to bedrock for the haul  road embankment,  b lock

s l id ing  fa ' i lu re  i s  cons idered as  the  most  l i ke ' l y  fa i lu re  mode fo r  the  hau l  road

embankment which forms port ion of  the sedimentat ion pond impoundment-  Due to the

great depth of  the al luvium depos' i t  underneath the proposed pond embankment,  c i rcular

s l ip  fa j lu re  i s  cons idered as  the  most  l i ke ly  fa ' i lu re  mode fo r  bo th  the  ups t ream

and downstream slopes of  the pond embankment
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One hundred fa i lu re  sur faces  fo r  the  c i rcu la r  s l ip  fa i lu re  mode and 50  fa i lu re

sur faces  fo r  the  b lock  s l id jng  fa i lu re  mode were  ana lyzed fo r  each s lope under

considerat ion.  The STABLZ computer program computes the factor"s of  safety for

these fa i lu re  sur facesr  p r in ts  the  ten  most  c r i t ' i ca l  fac to rs  o f  sa fe ty  and de f ines

the  respec t ive  ten  most  c r i t i ca l  fa i lu re  sur faces  fo r  each s lope ana lyzed,

According to the resul ts of  the STABL2 computer program, the design s ' lopes

of  the  hau l  road embankment  ( l lH : lV)  and the  ups t ream s lope (2H: lV)  o f  the  pond

embankment have more than adequate factors of  safety against  s lope fai lure (see

Tab le  l ) .  The fac to rs  o f  sa fe ty ,  fo r  the  des ign  s lope ( l lH : lV)  o f  the  downst ream s lope

the  pond embankment  i s  l . l5  w i thout  se ismic  load and 0 .972 w i th  se ismic  load,  regard-

less  o f  the  leve l  o f  water  ins ide  the  pond.  These are  cons ' idered  as  inadequate .

To increase the stabi l i ty  of  the downstream s' lope of  the pond embankment,  the

s ' lope  was f la t tened to  l -3 /4H: lV  and subsequent ly  to  2H: lV ,  and the  s tab i ' l i t y  was

re-ana lyzed.  The fac to rs  o f  sa fe ty  a re  
. | . . |98  

w i thout  se ismic  load and 
. | .059 

w i th

se ism. ic  load fo r  the  1-3 /4H: lV  s lope;  and are  
. | .357 

w i thout  se jsmic  load and 
. l .08 . |

w j th  se ismic  load  fo r  the  2H:1V s lope .  The  2H: lV  s lope  i s  cons ' ide red  adequa te

aga ins t  s lope fa i lu re  fo r  the  downst ream s lope o f  the  pond embankment .

The most  c r i t i ca l  po ten t ia l  fa i lu re  sur faces  fo r  each s lope inves t iga ted  are

super imposed on to  i t s  c ross  sec t ion ,  as  shown jn  F jgs .3  to  7 .  The min imum fac tors

of safety of  the most cr i t ical  potent ia l  fa i lure surfaces of  each case are summarized

. in Table l .  The computer output of  the STABL2 program for the analysis of  the down-

s t ream s ' lope  o f  the  pond embankment  (2H:1V)  i s  inc luded in  Append ix  A .  The pr in t -

ou t  mater ia l  fo r  the  remain ing  ana ' l yses  are  no t  inc luded in  th is  repor t ,  due to

the ' i r  vo lume,  bu t  a re  ava i lab le  on  f i ' l e  upon request '

of
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VI . CONCLUSIONS AND RECOMMENDATIONS

Based on  the  resu ' l t s  o f  the  s lope s tab i l i t y  ana ' l yses ,  u t i l i z ing  the  STABL2

computer program, two of  the three design s ' lopes of  the sed' imentat ion pond are

cons idered s tab le .  The des ign  s lope (2H: lV)  o f  the  ups t ream s lope o f  the  pond

embankment  and the  des ign  s lope ( l lH : lV)  wh ich  fo rms the  ups t ream embankment ,  a re

both determined to be more than adequate against  s ' lope fai lure for  a l l  cases ana' lyzed.

The des ign  s ' lope  ( l lH :1V)  o f  the  downst ream s lope o f  the  pond embankment  does  no t

have adequate factors of  safety and should be f lat tened to at  least  2H: lV.

The reduced volume of  the sedimentat ion pondo due to the f lat tening of  the

downstream slope of  the pond embankment,  may be compensated by steepening the upstream

slope o f  the  pond embankment  to  l }H : lV  and lower ing  the  bo t tom o f  the  pond t ' i ' 11

i t  forms a V-shape, or by cut t ing back the haul  road embankment into the bedrock

which  is  a t  very  sha l low depth  and is  capab le  o f  s tand ing  a t  near  ver t i ca l  s ' lope .

The pond embankment should be constructed with the sandy mater ia l  local ly

ava i lab le .  Th is  mater ia l  shou ld  be  we l ' l  g raded w i th  no  par t i c ' les  g rea ter  than 3  in .

and shou ld  be  f ree  o f  o rgan ic  subs tances ,  debr is ,  f rozen so i l  and o ther  de le te r ious

mater ia ls .  The pond embankment  shou ld  be  cons t ruc ted  in  l2 - ' in .  loose hor izon ta l

l i f ts  compacted to at  least  96% of the maximum densi ty determined by ASTM D698.

To avoid seepage loss through the pond wal ls and bottom, the th ickness of  the

c lay  pond  l i ne r  i s  recommended to  be  inc reased  to  a t  l eas t  18 ' in .  The  c lay  f i ne r

should be constructed with local  or  borrow c ' lay mater ia l  f ree of  organic substanceso

deb l is ,  f rozen so i l  and o ther  de le te r jous  mater ia ls .  Th is  mater ia l  shou ld  be  
. |00%

pass ' ing  No.  200 s ieve  and shou ld  conta in  no  more  than 5% o f  s i l t .  The c lay  l iner

should be constructed in 8- in.  loose hor izonta' l  l i f ts  and compacted to at  least

96% of the maximum densi ty determined by ASTM D698.
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VI I .  CLOSURE

The prepara t jon  o f  th is  repor t  d id  no t  inc lude f ie ld  inves t iga t ions  and labora-

tory test ing performed by R&M. The subsurface condi t ions of  the proposed pond si te

and the eng' ineer ing character ist ics of  the pond embankment and l iner mater ia ls are

der ived from reports prepared by others on related subjects previously referred to

in  th is  repor t ,  fu rn ished by  Genwal  Coa l  Company.  The resu l ts  o f  the  s ' lope  s tab i ' l i t y

for  the sedimentat ion pond are therefore dependent to a great degree on the accuracy

of the contents of  these reports.

R&M should be not i f ied i f  the surface condi t ions,  subsurface condi t ions or

cons t ruc t ' ion  mater ia l  p roper t ies  a re  apprec iab ly  d i f fe ren t  f rom those d iscussed in

th is  repor t ,  e i ther  as  the  resu l ts  o f  add i t iona l  sur face  or  subsur face  inves t iga t ' ions

or  dur ing  cons t ruc t ion ,  as  add i t iona l  ana lys is  may be  requ ' i red .

Prepared by: Revi ewed

nte
Seni or Eng ineer ing  Geo log is t

Qs{^
J .S .  L ' i u ,  P .E . ,  Ph .D.
Sen ior  Geotechn jca l  Eng ineer
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APPENDIX A - STABL2 COMPUTER PROGRAM OUTPUT
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Î
!

"  t i

-  --*  . -3+- -  -  '+1-JS--._-"{{}} ."-q--------L$5'-25-----  ?v7. i iJ i  -----?5q.-7 5 -

-  r 2 1
-  , 7  ?LT

- ,7L2511

:,_:11* : :::i: I I 1 ___ _
- r r o T c q : : l .  l
- . . . . . o q q 2 +

_ ___.1_r-  r - ' r - .  ; - :4.q_:r-

L  . . .  r  t  t  t i X

1 ' j I . 5 ' . r  +  . . . . . . .

5 , ? - 5 ,  +

? . : s ' t  , 7  j {

I t1 l ' : . 5

: ; ; 1 r 7 , 3  +

t

1,,.__-
1,, i

l,''i*---
t i ' i

i'-f-___
rl ' ' ix

r i ," i
t-------

l . r
1 , . ;

r
t i "  _. :

l i,,r '  ---
-l

l 1 + . . - L

A-zxr i F I l r


