
il

il
il
it DESIGN RIPORT:

CRANDALL CANYON I'1INE ACCESS

AND COAL HAUL ROAD

Prepared for l1r .  B' i  I  I  l lo l  I  en

V ice  Pres ident ,  l , les te rn  0pera t ions

Genvral  Coal  Company, Inc.

Boy le  Eng ineer ing  Corpora t ion
l8 South Carbon Avenue

Pr ice ,  Utah  84501
, (Bot ) 637-6121 .

l . larch 
. l3,  

l98l

il
il
il
il

il
it

il

{
S{t}

, . l i l : ' r ' i t l i  I  i

t i i ;  t i ' i  1E8: i
, i :

.  {n rq" , , r  - i  r i r  i i 4L

: ittrti+lj

d '.\. r., , .
' ' " \ t -_->- ' -

il

il
il
rl
il
jl

ltffhrrx-- -iljLL' \fll iltq'i q4
Refer to:
D Confi t lential
D Shell
D ErPandab le

{4ttiigi- 
tor additional information

il



' i i

I

2

3

4

4

4

7

7

B

. i

i1
i1
ll
il
il
lt
jl

it
it
it
ll
il
il
il

il
,l
,l
I
I

TABLE OF CONTENTS

SUI'IIVIARY

INTRODUCTION

PURPOSE

PROBLEI'l

SCOPE

SECTI0I' l I: PR0POSED ALIGNI'IINT

HUNTINGTON CREEK

CRANDAL L CREEK .

ARCHAEOLOGICAL SiTE

LOCAL GEOLOGY AND ENVIRONI'IEI.IT

SECTION I I :  ALTERNATE ALIGNMENT

HUNTINGTON CREEK

CRANDALL CREEK

ARCHAEOLOGICAL SITE

LOCAL GEOLOGY AND EllVIRONMENT

COSTS . . .

CONCLUSIONS

RECOIVIMENDATIONS .

l t



T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I

SUMMARY

The purpose  o f  th i s  repor t ' i s  to  subs tan t ja te  the  des ign  o f  a  road

to  se rve  a  coa l  m ine  jn  Cranda l l  Canyon .

Des ign  o f  the  road must  sa t is fy  those requ i rements  es tab l i shed by

the  govern ing  regu la to ry  agenc ies  and in tegra te  w i th  the  env i ronment .

The proposed a l ignment  ex tends  f rom Sta te  H ighway 3 f  in  Hunt ing ton

canyon approx imate ly  1 ! - .  m i les  up  c randa l l  canyon to  the  mi 'ne  s  j te ,  A

24 foo t  tn r ide ,  60  foo t  span br idge v r i '11  c ross  Hunt ing ton  Creek .  Cranda l l

Creek  w i l l  he  d ive r ted  back  in to  the  o r ig ina l  channe l .  The  a rchaeo log i -

ca l  s i te  w i l l  be  bypassed by  the  proposed and a l te rna te  a" l ignments .

Safe ty ,  env i ronmenta l  ' impact ,  cos t ,  and t ime ly  comple t ion  vJere

he ld  paramount  jn  se lec t ion  o f  a l ' i gnment .  The  p roposed  a l ignment  bes t

sa t i s f ies  a l l  o f  these  paramete rs .

The proposed a l ignn ien t  as  de ta i led  on  the  des ign  dra l l ings  shou ld

be cons t ruc ted  to  serve  as  access  to  the  mine  s i te .

i i ' i
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INTRODUCTION

PURPOSE

This  repor t  p rov ides  a  wr i t ten  nar ra t i ve  subs tan t ia t ing  des ign

drawings for.  an access/haul  road extending frrom State H' ighvray 3l  in

Hunt ing t .on  Canyon '1 t - '  m i les  up  Cranda l l  Canyon.  The road w i l l  serve

the proposed mine to be operated by Genrval  Coal  Company.

PROBLEM

An improved road is an absolute necessi ty for  operat ion of  the

mine fac i l i t y .  Des ign  o f  the  road must  sa t is fy  the  requ i rements

establ  ished by the govern' ing regul  atory agenc' ies.  Local  geology

makes th is  task  d i f f i cu ' l t ,  par t i cu la r ly  as  re la t ing  to  in tegra t ion

wi th  ex is t ing  env i ronment .

SCOPE

In designing the road, four al  ignments r , rere considered. The routes

di f fer  on' ly in the lower reaches of  the road. Ho' ,vever,  s ince the four

a l te rna te  a l ignments  a re  var ia t ions  o f  two d is t inc t i ve ly  d ' i f fe ren t  a l ign-

ments ,  on ly  the  two a ' l ignments  w i l l  be  d iscussed in  th is  repor t -

Select ion of  the proposed al ' ignment as most appropr iate was based

upon sa fe ty ,  env i ronmenta l ,  cos t  and t ime cons idera t ions .

The proposed al ignment is descr ibed and select ion as most appropr i -

a te  subsbant ia ted  in  Sec t ion  I .  Sec t ion  I I  addresses  the  a l te rna te

a l ignn:en t .  Jus t ' i f i ca t ion  wh ich  man i fes ts  the  a l te rna te  a l . ignment  to  be

less  appropr ia te  i s  g iven .  A  br ie f  d iscuss ion  o f  cos t  fo l lo t ' red  by
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conc lus ions  andrecommendat i  ons comple te  the  repor t .

SECTi0l i  I :  PR0P0SED ALIGI{MENT

The proposed al ignment as descr ibed on the des. ign draur ings best

sat isf ies the select ion parameters of  safety,  ' impact on environment,

cos t ,  and t ime ly  comple t ion .  Each o f  the  major  des ign  and cons t ruc t ion

obs tac les  a re  d iscussed under  separa te  head ings  r , rh ich  fo l low.

HUNTINGTON CREEI/..

A  60  foo t  s ing le  spe.n  br idge as  approved fo r  f ina l  des ign  by  the

Fores t  Serv jce  v r i l I  c ross  Hunt inEton  Creek .  To ta l  b r idge v r id th  i s  24

fee t  p rov id ing  two l l  foo t  t ra f f j c  lanes .  The br idge deck  v r i l l  be  pre-

cas t ,  p res t ressed concre te  sec t ions .  Br idge abutments ,  v t ingr r ta l l s ,  and

founda t ' i on  w i l l  be  cons t ruc ted  o f  j n -p1ace  re in fo rced  concreLe .  Re in -

forced concrete approach slabs are provided to accommodate any di f fer-

ent ia l  set t lemen-u between br idge and roadway embankment.  The foundat ion

is  a  spread foo t inE des igned accord ing  to  so i l  charac ter is t j cs  as  ident -

i f ied in the foundat ion report  prepared by R & M consul tants l .  Tapered

wingwal ls  a re  p rov ided fo r  roadway embe,nkn:en t  res t ra in t  and channe l iza t ion .

Hydr 'au' l ic  informat ion for design is based L:pon a report  prepared for

Gent ' ra l  Coal  Company by Val ley Engineer ing,  Inc.2 This report  recommended

lGenrval  
Hunt ington cregl !  Br idge Foundat ioq--Lqpgr! ,  project  No. t6100s,

R&M^
2q.n"q Coql  Co*pany Cranaal  l  ,  Va. l ' ley

Eng ineer ing ;  l r rc
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cons t ruc t ion  o f  a  60  foo t  span br idge.  The increased span a f fo rds  a  con-

s ' iderably greater f  
' low 

capaci  ty.

CRANDAL L CREEK

Environmental  inrpact and safety \ rere the governing parameters in sel-

ect ing.  the proposed roadr,ray a ' l ignment a ' long the lo!^/er reaches of  Crandal l

Creek ,  D ivers ion  o f  Cranda l l  Creek  in to  the  or ig ina l  channe l  rv i l l  be

necessary .  A  9 t -6 r '  x  6 ' -5 "  co r ruga ted  meta l  p ipe  a rch  cu lve r t  w i l l  be

p laced jn  the  or ig ina l  channe l  to  car ry  Cranda l l  Creek  under  the  roadway.

Grad ing  o f  por t ions  o f  the  or ig ina l  channe l  near  the  proposed conf luence

wi th  Hunt ing ton  Creek  w i l l  be  necessary  to  p rov ide  a  smooth  t rans i t iona l

s lope .  Channe l  g rad ing  i s  des igned  such  tha t  ex is t ing  d ischarge  ve loc*

i t i  es r , r i  I  I  not  be exceeded

In order to provide a more natural  channel  bottom thror igh the culvert ,

the  des ign  requ i res  the ,  in r . 'e r t  o f  the  cu lver t  be  p ' laced one foo t  be low

inver t  o f  f low pro f  i le .  l ' l a t i ve  m. r te r ia l  w i l l  then  be  p laced th roughout

the  bo t tom o f  the  cu lver t .

D ivers ion  o f  Cranda l l  Creek  in to  the  or ig ina l  channe l  a l lo rys  the

road a l ignment  to  fo l low a  reasonab ly  gent le  curve  d i rec t ' l y  fo l low ing  the

br i  dge.

The ex is t ing  a l ignment  o f  Cranda l l  Creek  anC the  proposed road embank-

ment  conf l i c t  in  th ree  areas  above the  mot r th  o f  Cranda l l  Canyon.  I t  w i l l

be necessary to construct  retajning r . la l ls  to prevent the roadrvay embank-

ment  f rom encroach ing  upon and a l te r ing  the  a i ' ignment  o f  Cranda l l  Creek
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i n  the :se  areas ,

Eros ion  pro tec t ion  o f  the  roadway embankment  v r j l l  be  necessary  in

severa l  loca t ions  where  abrupt  changes in  the  a l ignment  o f  Cranda l l  Creek

ex i  s t .

ARCHAEOLOGICAL SiTE

An archaeo log ica l  s i te  has  been. ident j f ied  near  the  n :ou th  o f  Cranda l l

Canyon. Protect ion of  the s. i te anC t imely complet jon of  the roerd v lere

dec is ive  in  se lec t . ion  o f  the  proposed a1 . ignment .  The proposed a f ignment

averts the archaeo' logical  s i te and provides a buffer betureen the road and

s i te .

LOCAL GEOLOGY AND ENVIRONMENT

Cons iderab le  d i f f i cu l ty  r . ras  encountered  in  des fgn ing  a  road wh ' i ch

sat is f ies  spec i f i c  requ j re rnents  and mj t iga tes  env i ronmenta l  impact .  Loca l

geo log ic  fea tures  cons t ra ined a . l ignment  se lec t ion .  The proposed a l ignment

and al ternate al ignment are,  therefore,  ident ical  above the archaeological

s ' i te.  OLrtcrops of  the Star Point  Sandstone Format ion are encountered with

no reasonab le  pcss ib i l i t y  o f  c j rcumvent ion  in  t lo  consp icuous  reg ' ions .

Dr i l l ' i ng  and b las t jng  rv i l ' l  be  necessary  fo r  cons t ruc t ion  o f  the  road in

these reg ' ions

SECTI0II  I I :  ALTERNATE ALiGI{ l ' i [NT

The a l te rna te  a l ' ignment  d ' i f f  e rs both  hor izon ta l  l y  and ver t i ca l l y  ' i n
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the  lower  por t ' ion  o f  the  road.  The major  d j f fe rence be ' ing  the  a l te rna te

a1 i  gnment averts Crandal  I  Creek at  the canyon mouth .  Thi  s al  I  or , rs Cran-

da l  I  Creek  to  ma in ta  jn  ex  j s t ing  a ' l i gnment

HUNTI I IGTON CREEK

Br idge  span ,  rv id th  and  loca t . ion  a re  iden t i ca l  fo r  bobh  a l ignments .

However ,  the  b r idge  v r i l ' l  be  in  a  33 .3  percen t  g rade  in ' the  'a l te rna te

a l ignment .  The v res t  b r jdge abutment  w j l l  be  ra ised  t rvo  fee t  resu l t ing

jn  a  cons iderab le  jnc rease ' in  cons t ruc t ion  cos t .  The exposed concre te

sur face  o f  the  wes l  abutment  r^ r i l l  be  inc reased bv  339{ .

CRANDALL CREEK

In  order  to  c i rcumvent  Cranda l l  Creek  an  ex t reme curve  is  necessary

beg inn ing  a t  the  r , res t  b r idge abutment .  The a l te rna te  a l ignment  then

para l le ls  Cranda l l  Creek  fo r  approx in ra te ly  300 fee t  rv i th  roadway embank-

ment  fa l l i ng  in  the  ex is t ' i ng  Cranda l l  Creek  channe l .  Grade  cons t ra in ts

on approaches to  S ta te  H ighway 31  and the  br idge d ic ta te  ver t i ca l  a f ign-

ment  o f  the  roadv , ray .  Th is  ver l ' i ca l  a ' l ignmenb is  be low the  ex is t ing

Cranda l l  Creek  channe l  i rnmed ia te ly  fo l low ing  the  br idge.  Channe l  exca-

va t ion  or  berming r^ r i11  be  necessary  to  pass  des ign  f1o ls .

ARCHAEOLOGICAL SITE

Both  the  proposed and a l te rna te  a l ignments  aver t  the  archaeo log ica l
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s i te .  P .e fe r  to  the  sub jec t  head ing

d i  scuss . ion  .

o f  the  same t i t l e  in Sect ion  I  fo r

LOCAL GEOLOGY AND ENVIRONMINT

Both  the  proposed and a l te rna te  a l ignments  a re  ident ica l  beyond

the  archaeo log ica ' l  s i te .  Refer  to  the  sub jec t  head ing  o f  the  same t i t le

in  Sec t ion  I  fo r  d iscuss ' ion .

COSTS

Py 'e j im inary  cos t  es t imates  fo r  the  proposed and a l te rna te  a f ign*

ments  a re  approx imate ly  equa1.  The major  d i f fe rences  u ih ich  account  fo r

the approximately equal  costs for  construct ion df€ SUi l in i t r jzed belor.r .

Proposed A1 ignment

Add i t iona l  channe l  excavat ion .

9 ' -6 "  x  6 ' -5 "  x  65 '  co r ruga ted  meta1  p ipe

arch  cu lver t .

75 'x  l5 'h igh  re ta in ing  r r ra l1  a t  a rchaeo log ica l

s i te .

I

3.

t .

2 .

Al ternate 41 " ignment

Increased west br idge abutment

Feyrer earthrvork balance points

overhaul  .

he i  gh t .

fo rces  excess ive
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Excess  excavat ion

Spec ia l  t rea tment

at  canyon mouth.

be d ' isposed of  .

C randa l l  C reek  channe l

to

o f

CONCLUSIONS

In  des ign  o f  the  rcad,  numerous  f ie ld  t r ips  were  conducted  to  ver i f y

the  r r ' :os t  appropr ia te  so lu t jons  to  obs tacJes  encountered .  The fo l lo r . l ing

conc lus ions  r . le re  der ived  f rom these f ie ld  rev ie ' l s  and inves t ' iga t ' ions  fo r

des ign :

l .  The proposed a l ignment  p rov ides  exce l len t  ear thwork

ba l  ance.

2 .  Bot f r  a l  ignments  p rov ide  acceptab le  ver t ' i ca1  grades .

.  3.  The proposed al ignment af fords a greater degree of

t raf f ic  safety.

4.  The proposed al ignment provides numerous earthlork

ba lance po in ts  rvh ich  mjn imizes  overhau l  and lessens  cons t ruc-

t ion  in ipac t .

5 .  A  d isposa l  a rea  fo r  excess  excavat ion  is  necessary

fo r  the  a l te rna te  a l ignment

6 .  Both  a l ignnrents  impact  Cranda l l  Creek .

7 .  Due to  the  prox im ' i t y  c f  Cranda l l  Creek  to  the  a l te r -

na te  a l ignment  a t  the  canyon mouth ,  fu tu re  impact  upon Cranda l l

Creek  can be  an t ic ipa ted .
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B.  A  more  aes the t i ca l l y  p l eas ' i ng  b r i dge  c ross ing  a t

Hun t  j  ng ton  Creek  can  be  p rov ' i ded  r v  j  t h  t he  p roposed  a i  i  gnmen t .

Th - i s  - i s  poss ib le  due  to  l ess  exposed  conc re te  and  a  b r i dge

p ro f i l e  r , , r h i ch ' i s  concu r ren t  v r i t h  t he  wa te r  p ro f i l e .

RECOI4I',IENDAT I ONS

Des ign  jnves t iga t ion  as  summar ized  jn  th i s  repor t  man i fes t  the  fo l -

low i  ng  recommendat ions  :

1  Const ruc t ion  o f  a  roa .d  in  Cranda l l  Canyon shou ld

fo l lov r  the  proposed a l ignment .

2 ,  The  b r idge  c ross jng  a t  Hun t jng ton  c reek  shou ld  p ro -

v ide  tv ro  t ra f f i c  lanes ,

3 .  The  b r jdge  span  a t  c randa l l  c reek  shou ld  be  60  fee t .

.  So l id  rock  s iopes  encoun te red  jn  cons t ruc t ion  shou ld

have a  ! -o  hor izon ta l  to  1  ver t i ca l  s1ope.

5 .  Frac tured  rock  s lopes  encountered  in  cons t ruc t ion

shou ld  have a  % hor izon ta l  to  l  ver t j ca l  s ' lope .

6 .  A  na tura l  ear th  bo t tom shou ld  be  prov ided in  the

cu lver t  on  Cranda l l  Creek  by  overs iz ing  the  cu lver t  and in -

s ta l  I  i ng  accord ing ly .

7.  Temporary ponds for sediment removal  should be con-

s t ruc ted  o f  s t raw ba les  a long Cranda l l  Creek  pr io r  to  cons t ruc-

t ion .
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B.  Iso la t ion  o f  the  br idge foundat ' ion  cons t ruc t ion  area

on Hunt ing ton  c reek  shou ld  be  prov ' ided  by  temporary  d ik ing .

9 .  Br idge cons t ruc t ion  shou ld  be  coord ina ted  w i th  v ra te r

users  and  accompl i shed  dur ing  low f lo rv  (ear1y  sp r ing ) .
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. DEGREE=

|  00380,31 37

|  00323 .6897

100 t73 .4623

100341 ,7262

DESREE=

1  001  36 ,31  50

144737,4026

l-20-29,7

|  05057,  4026

|  04757 ,40?6

1A4677,4065

104e77,40e3

5 :11 -  9 ,2

|  04427,4055

t0420 f  . 7601

I  035?5,  l  545

102171, ?80"1

5-49-44 -  |

l 0?41  4 .&374

l0?21  4 .8275

1017?5 ,5839

1  0 l  B l  8 ,5533

t0-52-21 -9

t01675 ,6?6?

I 0l 56?. 8?64

|  0 l  28?i  |  989

l0 l  l  9? ,1  450

30 -  t - t 8 ,8

10 t219 .7a98

RAD= 4271 .67?2

l=  59? .0165

TAl l= 300,0000

3Bqf'J777

3?26 ,1  73S

RAD= 1104 .8+30

f= 491.71?+

TAl l= 250,0000

4417 ,8?33

6'117.B?Ss

FAB= 9BZ.?5?l

l =  394 ,6133

TAl l= ?00,0000

d592 ,5101

TA12JSSb

RAD= 526,?&6+

L= 235,9760

TAll= | 20.0000

7249.177b

7366.4?76

BAS= l?0,8466

l-= | 4?,3324

TAH= 78,7243

8 -  2 -  4 .5  R

EXT=  10 ,5215

s90-0- ,0u
0 -0 - . 0L

s?0-0-  ,0u

0 -0 -  , 0L
s 90-  0-  ,0  lJ

?5-2?-5?,8 L

EXT= 77,9313

s 64-30- ,? lf
0 -0 -  .0R

s 64-30- .2 U

0-0 - ,0R
s 64-30- ,2 U

?3-  0 -  5 .?  R

EXT= 20 ,1404

5 S7-30-  6,1 U
0 -0 -  . 0L

s 87-30-  6,1 lJ

0 -0 - , 0R
s 87-30- 6.1 u

25-3?-25,6 L

EXT= 13,4?0f

5 6t-50-40,5 l l
0 -0 -  .0R

5 6t-50:40.5 lJ

0 -0 -  .0R
s 6t-50-40,5 r l

44-49-56,8  R

EXT= 15 ,5?? {

N  73 -1? -22 ,7  U

PU 71

c[  72

73

PI

PT

PC 8 l

gc  82

03

PI

PT

PC ? l

gc ?2

93

PI

PT

PC 101

[c 102

PI



PC

L, L,

PI

PT

PC

DC

t?3

P I

PT

PC t3 t

cc 132

103

I t l

112

113

l?1 .

122

-p l

PT. r33

' '

PC t4 t

c[ t42

PI

PT  I43

l5

1  00040 ,978  |

1  00040 .?781

99?51  ,0520

|  00,190,7895

I  004?0.7S85

1  00423 ,0?43

77 13,8321

7715,8,32t

RAD= 234 .980S

l= I  6?,600?

TAI{= 85,03{5

7878,4330

81 BB,3?45

RAD= ?0? ,13?3

l= 225,3340

TAN= 125 ,0000

B4 I  3 .7325

84t  3.7325

RAII= 1 l  ? ,5??6

l -= 132,3259

TAN=

t8o -  0 -  .0  L
s 73-19-22,7 E

1A0-  0 -  ,0  R
N 73-19-22,7 U

4t -24-34,3  L

EXT= 15,5337

s 65-16-  3 ,0  U
0-0 - ,0R

s  65- t6 -  3 .0  U

0-0 - .0R
s 65- t6 -  3 .0  U

61-43-57.0  R

EXT= 34.508i

H53 -0 - , 0U
180-  0 *  , 0  R

553 -0 - , 0E

lB0-  0 -  , 0  L
N53 -0 - , 0U

67-?0-  ,0  L

Eff;--2:t;ett s

s 59-40- .0 lf
16-17-4?.5  R

s 75-57-4?,5 U

l6-17-4?.5  L
s 59-40- ,0 u

30-20- .0 R

EXT= 13 ,6634

s90-0- ,0u
0 -0 - , 01

590 -0 -  . 0u

1001s9 .?07 t  101144 ,3764

100 t58 .9071  10 t  t 4+ ,3766

? t943 ,38?5  101  07? .8124

DESREE= 25 -?B-  | , l

t 00 r83 ,3100  10 t062 ,?188

t00 t47 .7330  100?85-68 .15

10001  a .0 ,1?0  10070+ .  151  B

1  00209 .0041  |  0061  6 ,651  5

DEEREE= ?7-23-45,6

9??S5 .7512  100590 .617?

DiGtEE= 50-53- 4,3

t00086. 1142'-  iOOitO.-r jpOa-

100048,2370 1003, i6 -15s2

100048 ,?370  100366 .1582

100375 ,0173  100174 ,? - f80

DESREE= l5-  7-5?,3

99996,4057 100277,57g0

999?6 ,4057

,999b .4057

100 t74 ,9480

t  00074 ,5780

75 ,0000

8546,0582

8546,0582

378 ,6 t  16

200,4432

l0?.630t)

8746 ,501  5

88 {6 ,871  5

BAD=

L=

TAil=
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St )YLE  ENCINEERIT IG  -  EARTHUt ]

OE}I I IALL COAL CORP. HI} IE ACCESS ROAD ALT.  NO. 4;

R I {  CALCULAT IO} IS

CRAN'ALL CA}IYON

f :!c g ;!$ t f, :f t+.'*:l *****:1.*tt:l$:t:l:l*:!.!g:|):!f,*:|+t*+*t*:l- l!t; i*+:l$:!* V E R T I

BE6I} INi } IE OF CURUE
SftADE STATIO}I ELEVATIO}I

CAL  6E f } } I  ETR

CURUE P . I .
STATI t }TI  ELEUATIgN

1085 .00  338 .00

1300 ,00  338 ,00

2783 ,71  466 . t 0 .

30s3 ,7 r  485 ,70

3600 ,c0  527"00

4633.70 612,00

4933 ,70  616 ,50

5438,7A 6d?,50

6093 ,70  6?0 .00

6963 .70  75& ,00

746tr,74 804"00

8053 .70  826 ,C0

8663 .70  S74 ,00

.000000

.086339.

,065333

.a7?9?4

.08222?

.022500

.073600

,044000

.0s+61 5

,  09000 0

,036687

.080000

.093355

I  200 .00

26S3,7. |

2983,71

3500 ,00

4533 .70

4733 ,70

5358 .70

5?83 ,70

67 63,70

73&3,70

7?# .70

8563 ,70

339 ,00

457.47

472.&3

51  ? .00

603 .79

6. l  4  ,25

655 ,  |  4

6A5 ,60

747.54

796,AA

82? ,33

866 ,00

|  400 .00

2983,71

3283 .71

3700,00

4733.70

4?33 .70

5558 ,70

6 l  93 ,70

6963.70

7353.70

B1  &3 .70

g7&3 ,70

346,63

472.63

501 ,70

535 ,22

6 l  4 ,  25

6?3 ,  s6

8&6 ,90

699 ,46

764 ,00

807,&7

934 .00

892 .3 {

CURUE
LENDTH

?00.00

200.00

400,00

?0i l ,00

?00.00

200,00

?00.00

200,00

200,00

200,00

200,00

200,00

EHII OF CURUE
STATIOH ELEUATIt lN
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: ;*.1-t. .***:! : i : t*: ! : l ; l* : l . i* : ! : l ; f*: l*: l*: l  E A R T H U 0 R K V 0 L U l i  E 5 *** ' l ' l : i*r l l* f : I : ! i* :b: i*:F: l : l t : l '+:t*:): ! '

EASELI} iE CE}ITERLI} IE X-SECTION AREA I I ISI iEIJTAL VOL ACCUi iULATES UOL TIASS
STATIOI {  STATIOI {  CUT F ILL  CUT F ILL  CUT F iLL  HAUL

1200 ,00  1200 ,00  ' 0  - 259 .2  0  0  0  0  0
1250 ,00  1250 .00  , 0  - 81 .7  0  - 31  6  0  - 363  -363

|  300 .00  |  300 ,00  4 l  , 2  - l  , 0  38  -77  38  -451  -41  3
1400 ,00  t 400 .00  155 ,1  -2 .5  363  -7  40?  -458  -37

1500 .00  1500 .00  . 0  - 143 .  ?  287  -?80  6a?  -781  -?2

1  600 .00  1600 ,00  50 ,3  - . 0  ?3  -276  7A2  -10?8  -316

1  700 ,00  1700 ,00  ,0  -1  4? ,4  ?3  -264  975  -1401  -526

1800 ,00  1800 .00  99 ,5  -19 ,5  tB4  -300  1060  -1746  -686

1?00 ,00  t?00 ,00  103 .?  - ,0  380  -36  1440  -1797  -347

2000 .00  2000 ,00  230 .5  - ,0  6?3  0  2063  -17A7  ?7&
21  00 ,00  2100 .00  3? .7  -30 .1  525  -56  2598  -1851  73 i '
2200 ,00  2200 ,00  .0  -561  ,3  tB  - l  c?5  2685  -31  I  I  - 426

?300,00 2300,00 33.2 -311 ,  I  t?  -161,5 2784 -4?&? -?185

2400 ,00  2400 .00  ,0  -792 ,1  99  -2041  2BB2  -731S -443&

2500 .00  2500 .00  ,0  -584 ,9  0  -?550  2S32  -10251  -736?

25i0,00 2550,00 ,0  -8 i2 ,7 0 -1331 ?BB? -117*2 -88??

260 i l , 00  2600 .00  ,0  -317 , .1  0  -1093  2SB2  -13029  - t0145

2700 ,00  2700 .0 {J  3 l , 3  -24n .1  58  -1033  2?40  -14?15  -11275

2900 .00  2800 ,00  15 .0  -?0s ,?  BB  ' 927  3024  45167  -12138

2900 ,00  2?00 .00  34 .5  -132 .8  94  ^6?9  3 ' l ?2  -15$S?  - t?769

2?50,00 2?50,00 98,3 -12?,7 123 '243 3245 -1616'? '129?4

3000 ,00  3000 ,90  321 .1  -15? .0  3BB -?61  3633  -1646?  -12836

3100 .00  3100 .00  1 t . 2  - 16? ,0  630  -595  4263  -17153  - l 2gB9

3?00 ,00  3?00 .00  . 0  - 484 ,3  36  - t ? . | 0  4???  - l g54q  -14245

3300 ,00  3300 .c0  2?6 ,1  -155 .9  4 l ?  - 1  196  4717  -19107  -15190

3400 .00  3400 .00  160 ,3  -272 .3  718  -793  5433  -2S$19  -15386

3500 ,00  3500 .00  509 .4  -950 .1  1240  -?26E 6673  -?34?2  -16749

3590 ,00  3600  "  00  1  68 .0  -348 .4  |  254  -2405  7928  -261  BB - l  8?$0
3700 .00  3700 .00  155 .5  -292 .7  59?  ' 1 i87  B5?7  -27553  -190?7

3800 .00  3s t0 .00  65S ,4  -8S0 ,A  1507  -2136  1003 ' l  - 30010  -19?76

3900 .00  3900 .00  271 .2  -699 ,5  l 72 l  -2sB?  I  1755  -33332  -21377

4000 ,00  4000 ,00  917 .8  - .0  2202  -1295  13?57  -34822  -20865
. i100 .00  4100 .00  433 ,3  -? ,8  2502  -5  1645?  -34S?B - t836?

4?00 ,00  4200 ,00  303 ,4  -37 ,8  1364  ' 75  l 7B?3  -34?15  -17091

4300 .00  4300 ,00  &67 ,7  .  -3 .6  17 iB  ' 77  1?822  -35003  -15381

4400 ,00  4400 ,00  52? .5  - ,0 .  2217  -7  ? lB l?  -35010  -1317?

4300 ,00  4500 ,00  1268 .1  - ,0  33??  0  23167  -35010  -?943

4600 ,00  4600 ,00  7?3 ,6  - .0  37A t  0  ?B?48  -35010  -6052

4700 .00  4700 ,00  16q ,9  -63 ,6  l 73 l  - t lB  3067?  -35146  ' 4467

4800,00 4800,00 .0  -443.0 ?98 -?38 30977 -36?25 -5?48

4e00.00 4900,00 172.0 -236.0 31? -1257 3 l??5 -37671 -6375

5000,00 5000,00 247.6 -6,8 777 -450 3207? -3BlgB -61 15
5 t  00 .00  5100 ,00  438 ,6  ,0  1271  -13  333 '13  -38202  -485?

5200,00 5200,00 226.3 -75,8 l23 l  -140 34575 -38364 -378 '

5300-00  5300 .00  643 :6  - ,0  161  1  -140  36185  -3852s  -2340

5400 ,00  5400 .00  424 ,7  -107 .0  -_ - l ?78  - l 98  3816 ,4  -  - -387 i3
: -'- *- - - 

:-:-*- 
--:-j:-_:..-_-,-=.:--.-*-+=::--;..**-:=-;;: 

:

-58?

S}OO.0O- 
-  -  -  

9300.00 43? .7 -57 ,4  |  597 -304 397 6 l  -3?1 03 658
5600 ,00  5600 .00  67 ,5  -98 .?  936  -2EV 406?6  -39 , {36  1260
5700 ,00  5700 ,00  34 ,9  -418 .1  190  -957  40896  -40537  34?
5800 .00  5800 ,00  ,0  -30? .3  65  -1334  40951  -42071  -1120

5900 ,00  5900 ,00  ,0  -452 .6  0  -1  39S  40951  -4367?  -Z IZA

6000 ,00  6000 .00  ,0  -1s3 ,5  0  - l  l 7B  40?51  -4s033  -4083

61  00 ,00  6100 ,00  ,0  -342 ,3  0  -974  40?s1  -46153  -5202

6200-00  6200 ,00  .0  -425 ,?  0  -1 r ,21  40951  -47787  -6S37

6300 .00  6300 ,00  "0  
- t 087 ,3  0  - 2801  409s1  -5100?  -10058

6 , )00 ,00  640c .00  .0  -1098-0  0  -4047  40951  -55663  -1471?

6s00 .00  6500 .00  .0  -770 .4  0  -3460  40951  -59642  -1e6?1
40951  -6 ' t 956
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+.1*  +  *  *  *+ . * * . * : l * : t  t : ! : !  *g : f  : !  N : t f  : |N : ! EAf tTHUORK

X-SECTII ]N ATiEA
CUT F ILL

t ,0Lu l i  E5

I l i IR! ; iTAL V0L
CUI  F ILL

0  -1  175
6t -7?7

lB4  -362
478 -172
844 -90
7 l l  - 12s4
587 -2?Bt
826 -?r46
845  -2154
38? -2045

5937 -1729
9480  - t332
6267 -?006
3005  -14a0

47? -573
197 -1707

0  -1387
4608 -?2?

|  3522  0
|  0355  0
|  450  -534

0  -1037

*;F*:F:t,-1r*;* :l:i+.,i**,*:*:l * ;i +,;F+:l*,:F*' *

A[CUiiULATED VOLBAS EL I }IE
STAT  ION

6700 ,00
6800 .00
690  0 ,0  c
7000 ,00
71  00 .00
7200 ,00
7300 .00
74  00 ,00
7s00 .00
7600 .00
7700 ,a0
7800 ,00
77  00 .00
8000 ,00
B t  00 ,00
g?00 .00
8300 ,00
I  4C0 .00
8500 ,00
8  500 ,0  0
470$ .00
8900 .00

C E }ITE RL I }IE
sTAT i  0 i {

6700 .00
6800 .0  0
6 t00 .00
7000 .00
7 t  00 .00
7200 .00
7300 .00
7 ,100 ,0  0
7s00 ,00
7 600,Q0
770  0 ,  00
7800 .00
7?00 ,  c0
8000 .00
8  t  00 .00
8200 ,00
8300 .00
9400 ,00
8s00 .00
8600 ,00
8700 .  00
8S00 ,00

,0
3? .7
66 .  B

l9 r , t
266.7
117  -3
t?? .7
246 .1
21  0 ,0

r 0
3206 .  I
|  ? l  2 . 9
|  471  . 3
t s l  , ?
106 ,5

,0
,0

?438 ,  l
48 t3 .9
783.0

.0
,0

-318 ,5
-111  . 7
-83 ,8
-9 ,0

-34 .2
-543 .0
-589 ,  I
- 570 ,1
-5 t? .9
-51L5
-422.1
-297 .1
-785 ,  B

-13 .3
-2v 6 .4
-625 .6
- t  23 .5

- . 0
- . 0
- . 0

-2Bg ,4
-271.&

cuT

40?51
4 t0 l l
4 l t ?6
4t673
4?52  I
43232
43s l  I
44645
4548?
45878
5t  s t5
61295
47562
70569
7t447
71244
71244
75451
9?374
??738

t0 l  rBs
101  1  88

F ILL

-6J307
-&4223
-&4&3?
-64837
-64?2?
-6637t
-64??5
-71  463
-73?40
-76292
-79?a0
-7q-812
-82t17
-83A:0
-84480
-s&443
-8803?
-88302
-8830?
-88302
-89?l  6
- t0 t  0B

iiAsS
HAUL

-22356
-23?l ?
-23444
-231 64
-?2408
-231 3?
-251 76
-26818
-2845r
-3041 4
-2&46s
- t  95 t  7
- l  4557
-t 3?5?
-1 3433
- t  5200
-167?5
-t ?.150

107?
il437
12272
1 t080

I
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I
I

I

I
I
I
I
I
I
!
I
I

;

I
t
I

I
I

!

I
I

BA SEL I } IE
STAT ION

1  200 ,00
1230 .00
1  300 .  00
|  400 .00
r  500 ,00
1  600 ,00
1  700 ,00'1  
800 .  00

1  900 .00
?000 .00
? t0c ,00
2200 ,00
2300 ,00
2 .100 ,00
25  00 .00
2350 ,00
2600 ,0  0
2700 .00
2800 ,00
2 t00 ,00
295  0 .00
3000 ,00
3 t  00 ,00
3200 ,00
3300 .00
3400 ,00
3500 .00
3600 ,00
3700 ,00
33  i l o .0  c
3900 ,00
4  000 .  s0
4100 ,s0
4200 ,0$
4300 ,00
4400 ,00
4500 .00
4600 ,00
4700 ,00
48  00 ,00
4  900 .00
5000 ,00
31  00 .00
5200 ,00
5300 ,00
54  00 .0  0
s500 ,00
5600 ,00
5700 ,00
5900 ,00
5?00 ,00
6000 .00
61  00 ,00
62  00 ,00
63  00 .00

--  6aQQ.Ql  - . . -
6500 ,00
6500 .00

IE} ITERLi i IE PI IOFILE
STAT I  O: !  ORAITE ELEU

|  200 .  00
I  250 .00
|  300 .00
|  400 .00
I  500 .00
1  600 ,00
1  700 .00
I  800 ,00
|  ?00 ,00
2000 ,00
21  00 ,00
2200 ,00
2300 ,00
2 . t  00 .00
2500 ,  00
2550 ,00
?600 .  00
2700 ,00
2800 .00
2700 .00
2?50 .00
3000 ,00
31  00 ,00
3200 ,00
3300 .00
3400 .00
3500 .00
3500 .00
37rJ0 ,00
3600 ,00
3?00 ,00
4000 .00
41  00 ,00
4200 ,00
4  300 ,00
4400 ,0  0
4500 .00
4  600 ,00
4700 .00
4800 ,00
4  900 ,00
5000 ,00
5 r  00 ,00
5200 .00
5300 .00
5400 ,00
550  0 ,00
5600 .00
5700 ,0  0
5800 ,00
5?00 ,00
6000 .00
61  00 .00
6200 ,00
6300 .  00

334 ,000
33S ,540
3 {0 .  1  53
346 .634
355  "  268
363 .901
372 ,535
3S l . l 6?
389 .803
398 .436
407 ,A70
4 t  5 ,704
424 ,338
432.?71
441 .605
445 ,  ?22
450 .23?
458 .  B5?
486 .7?6
473.70?
477 ,045
480 ,479
487.622
495 ,1  3 r
503 ,002
51  1  . 001
5t  9 ,00r
527,03,1
535 ,2  23
543 ,  4  46
551 ,66?
559 ,  B?2
5$8 , t 14
576.337
584 ,560
5 t2 .783
60 f , 006
608 .573
6 t3 ,322
616 .303
621 ,525
6?B,740
636 ,  1  00
643 ,460
650 .820
658 ,053
664 ,062
6EB,7 l7
a73 ,117
677 .517
6B t .?17
686 ,344
692 ,091
69? ,  B4 l
708 ,302

-24 .47
- l  ? .48
-1? .72
-38 .00
-17 . i 3
-18 .42
-?0 .30
-24 ,40
-?2 ,50
-?3,9^ l
-?7 ,99
-41 ,20
-39,74
-45 .  B1
-55 ,  ??
-73 .39
-36 ,34
-33 ,1  8
-36  ,55
-30 ,  B l
-3?.79
-J5  ,34
-30 ,  85
-70 ,s0
-40 ,2 l
- 51 ,53
-g t , 80
-90 .79
-57 ,25
-94.9V

- I01 .07
-1  A  .49
-33 ,  1  4
-33.7q
-35,7?
-23 ,44

.-23,67
-20,  {3
-30 -? l
-40 ,38
-4? ,59
-2? .72
-23 ,48
-32,2&
-19,67
-35 ,??
-40  .33
-30 .4- l
-55 ,25
-42 .31
-42 ,03
-3? .5  |
- 3? ,96
-44 .  |  4
-84 .35
-87  ,83

3+.5?
24,5?
25,30
2 l .B l
22.08

- - - -  L f l -T
SLOPE CATIH F 'T

CE}ITTRL l iiE
OFFSET

.00
, c0
.00
.00
,00
.00
,00
.00
.00
,00
.00
,00
,00
.00
,00
,00
,00
.00
.00
.00
,00
.00
,00
.00
,00
.00
,00
.00
,00
,00
.00
,00
,00
.00
,00
.00
,00
,00
.00
,00
.00
,00
.00
,00
,00
,00
,00
.00
,00
,00
.00
.00
.00

-- - -  RI6HT - - - -
CATCH FT SLOPE

?3 ,97  l  . 5
l ? .47  2 ,0
27-73 1,5
t5 ,66  2 .A
16 ,?3  2 ,0
19.25
25,31
23,44

, 5
, 5
.0

23 .03 .  1 ,5
26 .09  | , 0
25 ,5?  t . 0
19 ,63  2 ,0
28 .q6  1 .0
23.17 

-  
2 .0

21 ,53  2 ,0
17 .q l  2 .a
15 .38  ? ,0
26 ,30  | , 0
25 ,3?  1  .5
73 ,17  | , 0
30 ,43  | , 0
55 , s7  t . 0
23 , s3  1 ,0
l s . d l  2 .0

1.5
2 .0
1 ,5
t .0
2 ,0
2 ,0
2 ,0
2 .0
1,s
t . 5
1 .5
t . 3
| , 5
1 ,5
1 .5
t , 5
1 .5
1 ,3
1 .5
t ,5
1 .5
t , 5
1 ,5
1 ,5
1 .5
1 .5
1 .5
t .5
t ,5
1 ,5
1 ,5
| , 5
1 .5
t . 5
1 ,5
1 ,5
1 .5
1 .5
1 .5
1 .5
1 .5
2 .A
1 ,0
1 ,5
1 .5
1 .5
t , 5
1 ,5
1 .5
1 .5
1 .5
1 .5
L5
t , 5
t . 5

60 .?7  1 ,0
45 .1 t  1 ,0
68 ,62  1 ,0
{3 ,66  1 .0
40 .12  1  . 0
60 .87  1 .0
38 , f 5  1 .0
71 ,53  .  1 ,0
40.2? L0
3 l , 75  |  , 0
16 ,05  2 .A
29,9& | ,0
34 .54  1 .0
36 .40  . l , 0
3? ,33  1 .0
51 ,26  .  1  . 0
56 ,66  1 ,0
56.Aq
29,40
2?.28

. 3

. 3
-3
.3
,3

.0

.0

.0

. 00

.00

15 ,66  2 .0
18 ,56  2 .0
t5 ,6S  2 .0
20 .  |  7  2 .0
2A.42 2,0
27.7V 1 ,5
26 ,35  t , 5
7? ,91  ? .0

_-__6-t9 Q,_9!_ JJ-| .7_f !__ _--1-:,q_ -
6500 .00  7?5 .225  L5 -54  ,2A

-37  .5  1
,00
.0066 ,00 .00 733,687 | . 5 20 .26
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tl
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I

;) :1.* *: l  t+*.1:. !  *; ! t : I  +g;l  *+: ' : l* ; l :1.; l

BASELI i {E CE}ITERLI ITE
STATION STATIO} I

SL { lPE

PROF I  LE
6RATJE ELEV

7 42.149
750 ,  5?5
758 ,  857
7$6.  ?0.1
77  4  . 901
78? . r  04
7 t0 .  ?04
7?9 ,7  61
804 .8? l
Boa ,  g?g
B l? ,664
B t  6 .331
B I  9 .??B
823 .807
B?9 ,344
83  6 ,904
844 ,904
a52 ,  904
860 ,904
868 .91  5
877 ,060
895 .361

STAKE

.. - -  LEFT
SLOPE CATCH PT

CE}ITERL iI{E
BFFSET

,00
,00
.00
.00
,0c
,00
,00
,00
,00
,0s
.00
,00
.00
,00
.00
,00
,00
.00
,00
.00
.00
,00

-- - -  RISHT - - - -
CATCH PT SLOPE

2 l  . r 4  2 .0
23 .32  t , 0
26 .46  1 ,0
33 ,33  t . 0
3? .68  1 .0
25.70 ,5
?? .78  .5
30 .51  ,5
52 .00  1 ,0
|  8 ,6?  2 ,A

l7? .?3  , 5
. l 68 ,58  .5
160 ,69  . . 5
30 ,49  1 .0
30 ,41  1 .0
27 , l l  |  , 5
|  6 ,  BS  ? .0
33 ,33  .5
3B .B?  .5
40 ,58  1 .0
20 ,? t  2 ,0
16 ,67  2 .0

I
it
It
I
il
I

:

il
rl
ll
il
il
rl
il

il
il

6700 .00
6800 ,00
6900 .00
7000 ,00
71  00 ,00
720C.00

.  7300 .00
74  00 ,00
7500 .00
7600 ,00
7700 ,00
7800 .00
7  ?00 .00
8000 ,00
B l  00 ,00
8200 .00
8300 .00
84  00 ,00
ss00,00
860  0 ,00
8700 ,00
8800 ,00

6700 .00
6800 .00
6900 ,00
7000 ,00
71  00 .00
7200 ,00
7300 ,00
7400 ,00
7500 ,00
7600 .00
7700 .00
7800 ,00
7900 ,00
8000 ,00
B l  00 ,00
8200 .00
8300 ,00
8400 .00
8500 .00
B$00 .00
8700 .00
9900 ,00

-33 ,47
-?s , ?3
-29.79
-21 .8?
-27 ,75
-60  ,52
-58 ,57
-59 ,37
-5? ,5 i
-47 ,07
-41 .7?
-2S ,4?
-37 ,0?
-22.60
-66 .06
-63  ,90
-?2 .37

-1  d0 ,69
- l  84  . 00

-26 ,e?
-??.na
-36 ,  ?4

1 .5
1 .5
| , 5
2 .0
| , 5
,3
.3
.3

1 .5
t , 5
t . 5
1 .5
1 ,5
1 ,5
l . s
1 ,5
1 .5
t . 5
t . 0
1 .0
| , 5
1 .5
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ALTER}IATE

BOYLE E } I  G INEERI } I  G  -  HORIZONTAL  AL IGNI ' IENT

GESWAL CSAL CQRP. l,lll.lE ACCESS ROAD ALT N0. 3; CRAIIDALL CAllY0N

J+J+)rJf4J()f)r)rrF*,Jr-*i+*'J.i+Je***)61+Jt)ti+*H0RIZ0llTAL GE0llETRYxir*J(*)fxx)t')fJfi.Jf*')t-)ilfx)tlFJ+ie)f{-tt+FJ+)+*ti)itF)F*)+l+

PC

cc

PC

cc

-  - 20  
101200 .61? l

27  101  1  ?5 .4702

28  101280 ,6414

DEGREE=

P i  l 0 l  1  ?4 ,2420

PT  27  101230 ,7660

37 1 01503 .86.1?

38  |  0 t  345 ,5671

BESREE=

|  07370.5920

I  071  75 .6600

1  071  73 ,41  03

67-1 4-52.4

107130.6737

|  07t  0 . t ,3333

|  06?07 , t487

106687,9977

21 - l  l - t 6 . 8

|  067.13.850?

|  06529 .60??

|  0652?,60??

1  06251  .1  200

l2- 2.36.9

1A6407.r?67

|  06?58 ,0 l  24

1 05827,  I  380

|  05850i  |  5 l  1

3-36-25.4

t  05727.1 485

|  03628 .  t  30  I

I  05354 ,4578

|  0 {757 .4026

1010 ,090?

|  205 ,0?0?

RAD= 85 ,200?

l= 82,9023

TAi l= 45,0000

t  l s7 .g93?

|  &?4.7385

RAD= 270 ,4160

l=  434 '769s

TA l l=  270 ,4160

2049 ,5070

204?,5070

FAII= 475,7370

l=  2 t0 ,6125

TAN= f50.0000

2340,  1 1 ?5

2771,0392

RAD= 1588,4371

f  = 19? '73&4

TAN= 100 ,0000

2970.775b

3247  .1  51  2

RAD= 4271.6792

s BB-29-13,0 U

0-0 -  ,0R
s BB-2?-13,0 U

5s-40-58,0 R

EXf= | | ' .1536

N 35-4?-49,0 l, l
0 -0 -  ,0L

il 35-4?-4?,0 ti

0 -0 - .0L
H 35-4?-4?.0 u

90-  0 -  ,0  L

EXT= l l 2 '0100

$ 5 .+-10- lL0  u
lg0-  0 -  ,0  L

N 54- i0 -11 .0  E

tB0-  0 -  .0  R
s  54-10- . l1 .0  u

35-  0 -  .5  R

EXT= 23.0873

s g?-10-11.6  u
0-0 -  .0L

5  8 t -10-11 ,6  U

0-0 -  ,01
s  g?-10-11 .6  u

7-12-16.6 L

EXT= 3 '1446

s 8 l -57-5s.0 u
0 -0 -  , 6L

5  B l -57 -54 ,4  U

0 -  0 -  1 ,1  R
s  B t -57 -55 ,5  U

B-  2 -  4 ,5  R

3?

P i

P T

PC 47

CD 4B

t0 t723 .105?

t  0 l  564 .  B08 l

101564 "8081

|  0 l  ?50 .51  4  I

DEGREE=

l$1477,0002

101474,9274

|  01 .169 ,583?

99980 .31  35

DESREE=

101467 ,1351

l  0 t  453 .  |  570

101414 .52s7

105644.2737

P I

47

Ps 57

cc 58

PI

PT

PD

uc

5?

6 l

62



il
il
il
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il
il
il

:

ll
il
il
ll
il
il

:

iT
I

iT
I

il
I

il
il
I
I

73PT

PC 7 l

cc 72

PI

PC t0 l

cc 102

DE0REE=

t  0  t  37? ,5?45

1  0  t  372 ,5945

I  01  372 .5945

I  00267 ,751  5

'  DEBREE=

I  0  |  372 .5?+5

|  0 r254 ,?669

1 004?8 ,&36?

f01335 ,8616

DE$REE=

I  004 t  2 ,554S

I  00403 ,  836g

1  0c385 ,5445

?  ?85? ,07  ?0

DEBREE=

1 00380,3t  37

|  003?3 ,6B??

100 t73 .4623

t  0034 t  . 726?

DEEREE=

|  001  36 .31  50

t00 t5g .?071

t-?0-28.7

I  05057,4026.

144737,402&

104677.4065

|  04677,4065

5 -11 -  9 ,?

|  04-127.4065

f04?0 r .7601

|  02s?5 , ' 1545

r  0? l  7 r  . 9804

5-49-44 "  1

f0?41  4 ,&374

102?14,8275

|  0 l  795 .582?

10 r8 t8 .5533

r0-5?-2r .?

I  0J 675.6?6?

|  0 l  56?.8?64

l0 l 28? . t 98?

|  0 l  l 9? ' , 1450

30 -  l - 18 .8

|  0r  2r  ? ,78?B

|  0 f  |  44 .3766

l=  59? .0165

TAi l= 300,0000

3846.177i '

3?26.1737

RAD= |  10 '1 .8430

L; 
'q i i .z tqq

TAi{= 250.0000

4417.8?32

&197 ,8?$7

RAD= ?82 ,95? l

l =  394 "6133

TAl l= 200,0000

65?2,5100

70 t? ,1535

8A!=  526,966{

,  
L= 235.?760

TAi l .  120,0000

7249.12?3

7566.4?95

RAD= 190"8466

l=  149"3324

TAN= 79 "7245

EXT= 10 .5?15

s t0- 0- ,0 lJ
0 -0 - ,01

s90-0 - .0u

0-0 - .01
$ 90- 0- ,0 tJ

25-2?-59.8  L

EXT-  27 ,9315

5' 64-30- .2 ll
0 -0 -  . 0R

s  64 -30 -  , 2  g

0 -0 -  - 0R
5  64 -30 -  , 2  A

23-  0 -  5 .?  R

EXT= ?0" . | 404

s 87-30-  6,1 tJ
0 -0 -  , 0L

s  87 -30 -  6 ,1  U

0 -0 -  , 0R
5  B7-30 -  6 .1  U

?5-3? -25 ,6  L

EXT= 13.4?0t

s 61-50-40,5 U
0-0 -  ,0R

s 6 t -50-40 .5  u

0-0 - ,0R
s 6 l -50-40 ,5  u

44-4?-56,9 R

63

P I

PT

PD 8 I

cc 82

B3

PJ

PT

PD 9 I

cc ?2

93

PI

PT

PI EXT= 15 .5??4

ll  73-19-22.7 U
7715 .8319  tB0 -  0 -  " 0  LPT t03



1l
il
il
jl

il
i

il
I

]l
,l

:

:l
:

rl
rl

;

t
il' :

jl
I

il
!

il
I

I
i

I
I

PD I I l

cc  l l 2

100154 ,9071

9??43 ,38?5

DEFREE=

|  001  83 ,31  00

I 00t 47 ,7330

I  0001  8 .04?0

|  0c208 ,0041

DE6REE=

,?q63.7i12

1  00040 .9781

1000.10.979I

9?951 ,0520

IEEREE=

t00086 ,1  1  42

|  00018-2370

|  00048.2370

100375 ,0173

DEGREE=

?2??6.4057

999?6.4057

9???6.,4457

|  0 t  144  ,3766

t0 t  07? .8124

25-?B-  1 .1

I  0 l  052 .? t  BB

100?85.68-15

1  0070{ ,  l  5 t  B

t006 t6 ,6516

27-?3-45.6

|  005?0 .$ l  7?

|  004?0 ,7s85

I  004?0,7885

r  00423 .0?43

5C-53-  4,3

|  00430.  B?09

|  00366,1 582

|  00366,  |  58?

|  001  74 .9490

l5 -  7 -5? ,3

|  00277,5780

|  001  74 .9480

t  00074.5780

7715.A324

RAD= 224.?808

l= 162,600?

TAi l= 85,0345

7878.1329

Bl  88,3?8r

RAD= 209 ,13?3

l -= 225,3340

TA i l=  125 ,0000

94 l  3 ,7324

e413,7324

RAD= 112 ,5996

l=  132 ,3?58

TAI{= 75,0000

854&.058f

8545,05s1

RAD= 378.611&

l=  200 ,4 {32

TAN= 102 ,6300

8746,501 , l

BB46-B7 t  4

s 73-1?-22,7 E

180-  0 -  .0  R
N 73-t?-22.7 A

41-24-34.3  L

EXT= 15.5337

5 65-16-  3 ,0  U
0-0 - .0R

s 65- ls -  3 ,0  [ l

0 -0 - ,0R
s 65- ls -  3 ,0  U

6r -43-57 ,0  R

EXT= 34 ,5085

l r  53- 0- .0 u
180 -  0 -  , 0  R

s53 -0 -  , 0E

190-  0 -  . 0  L
H53 -0 -  , 0U

67-20- ,0 L

EXT= 22.6915

I 5?-4S- ,0 U
l6 -17 -4? ,5  R

s 75-57-4?,5 f,

l6-17-4?,5 L
s 5t-.f0- ,0 l,|

30-20-  .0  R

EXT= 13.&634

s?0-0-  ,0u
0 -0 -  , 0L

s?0-0- .0u

P[  t 3 l

cc l3?

l ?3

P I

PT

PC

cc

P i

PT

t33

F I

PT

PC

cc

P1

PT

i l3

l2l

122

14.1

142

143

t5
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BT, i LE  E I IO I I IEERING

6EI I IJALL [OAL CORP.  } i i } IE  ACCESS ROAI I  ALT,  3 ;  CRANI 'ELL CA} IYO} I

:P* : ) : l c * : ! * : ! : l++ ;F* t : l i : i 'F : i : l : l * :3* : I *  U  t  R I ICAL SE( }HE

CUr{VE P. I .
STATIOi l  ELEUATIBi. I

EAF iTHUt ]RK  CALCULAT IO I IS

T R Y + t :t( * * r! :F:F'F;lr-i:F*t,:ir:!:F f :lr * :! ** ;F:l i,

I tESI I INi } IB OF CURVE
STATIO} I  ELEVAT iONSRADE

.020000

,080070

.078557

.q7r??4

,0B3 l  ?6

,02?500

.073600

.0  40800

,081$15

,003333

,436657

.040000

,093355

. |  200 ,00

2693 .71

2833 ,71

3500 ,00

1533 .70

4733,70

535  s  .70

5983 .70

( ,7  &3 ,70

7363.70

7963 ,74

E5S3  ,70

t r- i t ,3c

4s3.09

468  , 97

5 i8 .00

603 , .58

61  4 ,25

655 .  I  4

683 ,92

745 ,54

795 .67

922  ,33

866 ,00

|  085 ,00

t  300 ,00

?783,71

3083 ,71

3600 ,00

4613  . 70

4833 .70

5454 ,  Z0

6093 .70

6863 ,70

74&3 .70

8063 ,70

8663 ,70

338 ,00

342 .30

461  , 1  0

444  ,70

5?6 ,00

51  2  . 00

6 l  6  . 50

862,3*

6BB,00

731,04

804 .00

8?6 .00

874  ,00

1  40 t , 00

2883.7 |

3283.71

3700 .00

4733.74

4713.70

5558 ,70

6183 ,70

6963.7Q

7563.79

81 ,53 ,70

8763.70

350 .31

469.?7

500 , /0

534 ,32

61  { ,25

633 .  86

666 .5S

6?6 ,46

762,31

&Q7.67

Bt4  ,00

892 ,34

CURVE
LENDTH

200 .00

200 ,00

400 ,00

200 .00

?00 ,00

?r- r0,00

200 ,00

200 ,00

200 ,00

200 .00

200 ,00

200.o i l

ENII OF CU|IVF
STATlOI I  ELEUATIO}I

I
I
l
I
I
I
I
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It lt:I + :t ;ir *:) :i3:t :l:t $ :!:l * ;3 :t:! * :l .!:i :I-:* iF:! EARTHUOR} (

X .SEIT ION AREA
CUT F ILL

v0LU l l  E5

I} ICREIITAL VCL
IUT F I I -L

+ :;' * :i * :i ;$ * .? :I :F *.i -* rF t * :i :t *, :F * ;:r | :b * :l :l

ACCU}iULATED UUL
CUT F ILL

BASEL I  } I  E
sTAT I  Oi l

1  200 .00
t  250 ,0 !
1  3C0 .00
1  400 ,00
1  500 .00
1600 .00
1700 -00
1  A00 ,00
I  900  . 00
2000 .00
2 l  0c .00
??00 .00
2 i00 .00
2400 .00
2500 ,00
2550  "  00
?600 .00
?700 .00
?8  00 .0  0
??00 .00
??50 .0c
3000 .00
3100 "0c
3?00 .00
3300 ,00
3400 .00
3500 .00
36C0 ,00
3700 .00
3800 .00
3900 ,00
40 t r0 .00

-_^j+ 1 00r -r.19,-
4200 ,00
4300 ,00
4400 .0  0
4500 ,00
4600 ,00
4700 .00
4800 ,00
4900 ,00
5000 .00
5 r  00 ,00
5200 ,00
5300 ,00
5400 ,00
5500 ,  00
5600 .00
5700 ,00
5900 .00
5 t00 .00
6000 .00
6 t00 .00
6200 .00
6300 .00
6  4  00 .00
6500 ,00
6600 .00

IE i ITERL i } IE
STAT ION

1  200 .00
i?50 ,00
I  300 .00
I  400 .0c
|  500 .00
I  600 .00
t  700 .00
1800 .00
1  ?00 ,00
2000 ,0  0
2100 .c0
2200 ,  00
2300 .00
2400 ,00
2500 .00
?550 ,0  0
2600 ,00
2704.40
2800 ,0  0
2?00 .00
2 t50 ,  00
3000 .00
3100 "00
3200 .  0  0
3300 .00
3400 ,00
350C.00
3600 .00
3700 .0s
3800 ,00
3900 .00
4000 .0s
,11  00 ,00

1

.2

.2

1

. ?
, 0
,0
,0
.3
,0
. a

. 5

a

.B

.?

.1
n

. f J

J

. t i
'l

.,

o

, 9
, 0

-'- --- '  
1:0c : oo--"-t 

--- 
325, i

:.Q

n

, 0
7 .0

.0

.0
n

, 0
|  43 .6
82.4

240 ,  1
&7 ,?

.0
1  00 ,4

,0
.0

|  5 .4
54 .7

l 4 l , 0
96 ,V

123.2
I  ?5 .0
4 ,54 , I
44 ,8
15 .  r

255.4
179 ,9
537 ,5
I  ?5 .6
17b ,5
717 .1
303 ,  r
971 ,4
459 ,3

6?3 .  ?
543 ,5

-378
-21 6
-86

-122
-20

-2&6
-t t :

- 3?
-482
-???
-6?  1
-361
-543
- t  43

-B?
- . i 5

-36
-46
-74

- l 0?
- 3 Y U

- t i 6
*21 6
-87 1
-277
-3,1,1
-7?3
-63  |

-2

0
0
ou

l 7
0
0
i!

2&6
4 lB
597
573
1?8
l s6
186

0
l4
55

362
44 t
4r l
2?6
611
?44
111
501
806

|  32S
1  358
6?3

|  6 ;v
1  B??
2370
2650

0
-s51
-280
-386
-263
-531

*122r )
-7?6

0
0

-73
N  ' F- t o ! ,

- 1 t04
- t  562
- . l 819
-83B
-641
-4?S
-?3$
-15 ' t

-77
-11  6
-348
-92d
-93?
- d t /

-z0i4
-21 ?P

*?$7
- 1  9 ? J
' t o 4 ' v

- l  ' t70
-4

0
0
I

25
?5
25
23

2?1
709

|  307
1879
2A07
21?3
?37?
237?
23?3
2458
2821
37bl
3&72
396?
4530
55?4
5635
61  35
6?41
B27d
96?s

I rr3?0
1  1?7 '
13977
I  6349
t  B8?9

0
-633
-?56

- t  400
-1 702
-?31 3
-3715
-4550
-4350
-4550
-46t4
-5744
-7?1+
-?0{0

-11132
- l?07s
-1?832
- l  33?s
- t  35?7
-13770
-  I  305?
- t  39?2
-143?2
-1 5457
- l  d537
:17?46
- l  9563
-220 1 0
-231 21
-25;-3,t
-2937A
-2971 6

i lASS
HAUL

0
-633
-?48

- t  375
-1677
-22S8
-3,590
-4?59
-3811
-3213
-2734
-373.s
-5050
-6661
-8753
-9702

-1 0374
-10504 ' ,
-1  0335
- l  00?9
-?391
-941  3
-sss?
- ta??

- t  0401
-1 0105
- t  |  2?3
-1 238?
-1 ?30?
-  t  3355
- t  4493
- I  3469

/?!- :1qq3-21720

4300 ,00
4400 ,00
4500 ,00  1280 ,4
4600 .00  905 ,1
4700 .00  16 i . 0

.0
172,0
247 .6
438 ,6

5200,00 226.3
5300 ,00  643 .6
5400 ,00  4?5 ,5
5500 ,0  0
5600 .00
5700 .  0  0
5800 .00
5 r00 .00
6000 .00
6 l  00 .00

4800 ,00
4?00 .00
5000 .00
51  00 ,00

448 ,5
7r .0
49 .0
9 ,9

.0
|  8 .9

.0
6200 ,00  . 0
6300 .00  . 0
6400 ,00  . 0
6500 .00  . 0
6600 ,00  , 0

I 452 -37

l sBT  -56
22?l -?

3378 0
4A47 0
1974  - l lB
2?B -938
31  ?  - l ?s7
777 -450

l?71  -13

l23 l  - 140
t6 t  |  - 140
f9s0 -1r7

f61B  -2?3
?77 -25?
237 -83'l

l 0?  - l  130
1B  :1  137
35  -Bg5

35 -629
0 -98?
0  -? i 5?
0  -3? ' l a
0  -?7$?
0  *1542

-2s .8
-1  . 3
- . 0
- . 0
- , 0

-63 ,5
-443 ,0
-236 .0

-6 .8
,0

-75 .8
- . 0

-1  06 ,5
-52.7
-83 ,4

-366 .  B
-243,7
-370 .3
-107 .9
-231 .6
-302 .6
-863 ,  1
. .873 ,5
-621 .8
-210 ,7

20350
2?737
243??
27906
31  ?54
33??8
34?2&
34545
35322
36593
37824
Je4  35
41415
43033
4401  0
44247
44356
4437 4
44  40?
4  4444
444 {4
4 4.f 44
444  44
,i 't .t 't '1

4 4 4. )4

-29736
-298s0
-2?853
-?9e53
-2?S53
-2??ge
-31 066
-325r 2
-3i02?
-3304.1
-33?05
-33367
-335? 4
-33933
-34223
-351 8?
-3S482
-377J?
-3?009
-3953 1
-40s6?
-4 i1  5 l
-4d'550
-5 r014
-51  807

-?435
-7617
-5324
- l?46

21  0 t
3?40
31  60
2032
2297
3549
46 t  B
6069
782t
9 t  00
9787
9065
7874
6585
560?
4? t  3
377 6
1 293

-2405
-5590
-7363



ll
tl
I

; ; : l : ! :F. l  +:1.: l . i : |  + + *: l  *: | :3:t  * j l : t :$:!  *: i  +;| EARTH}JORK

)(-SEUTIOI I  AI {EA
CUT F iLL

V{ ]LU I IEs

IN' ]NE} iTAL VOL
CUT F ILL

0 -787
|  45  -499
366  -165
7 la  -64

' t093 -?s
1o i l  - l  r  f 4
I  649 -21 20
23,15 -2053
f576 -71?i
3?? -?041

5137 -17??
9480  - r  33?
6267 -20C6
3005  - t 440

47q. -573
197  -17A7-

0 - l  387
4608 -2?9

1353?  S
1  0365  0
1450  -514

0  -1037

* :3 + ;i *:!:l:t. t:l*+'.!r:F+*:F * :i ;l :; *:l ;! :l.i :! :I

IJAS:L I I IT
STAT I  Oi i

67  00  .0 , J
6800 .00
6 t  00 .00
7000 .0  0
7  1  00 ,00
7200,  CtO
7300 ,00
7400 .00
7500 .0s
7600 ,0  0
7700 ,00
7300 ,00
7?00 .00
800  0 ,00
B1  0S ,00
82  00 ,0  0
8300 .00
E  400 .00
B5CS.00
8600 .00
9700 ,00
8 t s00 .00

CEII IERL I  } iE
STAT I  Oi I

6700 ,  00
6900 ,00
6?00 ,00
7000 ,0  0
7 l  00 ,00
7?00 ,00
7300 ,00
7400 ,00
7500 ,00
76n0 .4$
77AA,A0
7800 ,00
7900 ,  0  0
8000 .00
s100 .00
B?00 ,  00
9300 .  00
8400 .00
s500 ,00
860  0 .00
8700 .00 '
se00 .00

,0
78 .2

I  1 t . 2
284 ,2
326 ,  t
263 ,3
628.6
63? ,6
211 ,5

,0
3305 ,  I
1  ?12 ,  ?
I  471 .3
151 ,9
1  06 ,5

' 0
,0

2488 .  1
46 t3 ,9
.  783,A

'0
.0

-214 ,5
- 5 4  ?

- 34 ,  B
- . 0

-13 .5
-589 .2
-556 ,6 ,
-557 .5
-5?0 .7
-51  t . 5
-4?2 .  1
-? t7  .3
-7S5 .  3
-13 ,3

-2? b .4
-62s .  5
- l  ?3 .5

- . 0
- . 0
- A

- 283 .4
-271 ,6

44444
.14s8?
4.1t55
45665
4675s
4784?
4V49'7
31842
534 t  g
5381  0
5?747
6??27
754?4
78500
7997?
7717&
79176
837s3
?730,5

l07b7x
1o i l 20
t0?1?0

-5?71 3
-53?Bs
-53475
-5trs4?
-53570
-5485?
-57797
-59,570
-621 |  5
-6445?
-66450
-67?92
-70?a? '
-71P91
-726"14
-7461  3
-7 6?A?
-76472
-7&47?
-7&+72
-77086
-787/'d

HASS
HAUL

-9268
-8696
-s5?0
-7884
-68?0
-701 0
-780$
-74?7
-86?6

-10552
-6i03

I  t45
5205
65 t  0
632?
4562
2967
7312

20834
3il ??' 3?034

30842

ACCUI{ULATEI VBL
CUT FILL

IT
lt
tl
it
il
I
I
I
t
I
I
I
I
I
t
I



; } '+* : !+ ; l : l l . : l * : t+ : l : l : i ; l t : i : i : ! * : ! * ; i  S  L  0  P  E STA} iE D A I  A  : ! * : i * : i ;F : ! r l ;F : * ! : | : i ; i : l i ! * :F t :F+: ! \ r ; ] * :F

I
I
I
I
I

I
I
I
I
I

t
I

t
i

I
t

BASELI } IE
STAT IO i I

I  200 .00
1  250 .00
1  300 .00
r400 .00
1  500 .00
1  600 ,00
r  700 .00
1  800 ,00
1  ?00 .  00
?000 .00
2 r  00 .00
2200 .00
2300 .00
2400 .00
25  0  0 .00
2550 ,00
2500 .00
2700 .00
2800 .00
2900 .00
2950 .00
3000 .00
3 t00 ,00
3200 .00
3300 ,00
3400 ,0c
3500 ,00
3S00 .00
3 /0c ,0c
3800 ,00
3900 ,00
4000 .  c0
41  00 .00
4?00 .00
1300 .00
4400 .00
4500 .00
4500 ,00
4700 .00
4800 ,00
4?00 ,00
5000 .00

-_.-IJ.9,Q'99*
5200 .00
5300 ,00
5400 ,00
5500 ,00
5600 ,00
5700 ,00
5800 ,00
5900 .00
6000 ,  00
61  00 .00
6200 .00
6300 ,00
6400 .0  0
6500 ,00
6600 .00

D E NT ERLl iIi
STAT I  ON

|  200 .00
1  250 ,00
I  300 ,00
I  400 .00
|  5C0 .00
r  600 .  00
|  700 .00
I  800 .00
I  ?00 ,00
2000 ,00
2 t00 .00
2200 ,00
2300 .00
24  00 .00
2500 .00
2550 ,00
2600 ,00
2700 ,00
2800 ,00
2?00 .00
2950 .00
3000 .00
31  00 ,00
3200 .00
3300 ,00
3400 .00
3300 .00
3600 .  C0
3700 .00
3800 .00
3900 .  c  0
4000 .00
4  I  00 ,00
4?00 .00
4300 ,00
4400 ,00
4500 .00
4600 .00
4700 ,00
4900 ,00
4?00 ,00
5000 ,00

530  0 .00
54  00 ,00
5500 ,00
5600"  00
5700 .00
5S00 ,00
5900 ,00
6000 .00
6 l  00 .00
6?00 ,00
6300 .00
61  00 ,00
6500 ,00
6600 ,00

PfiDF I LE
GRATJT ELEU

340 ,300
34 t . 675
34J .902
350 .307
354 .314
366 ,3?1
374 ,328
392 .3 ;5
390 .  342
3?B,3 .1?
4  0 ,6 .356
414 .363
422 ,370
430,377
439 .333
442 .387
446 ,390
4  54  ,596
4&2.357
470.24?
474 ,18?
478 .  l  37
486 ,  05?
494 ,0  I  4
50? .  002
5 t0 .001
5 t  8 ,001
s 26 .0s0
534 .320
542 ,63?
550 ,  ?5?
55? ,37 t
5,57.598
573 ,9  1  8
584 .  ?37
5?2,  557
6S0 ,877
60a ,52?
6 l  3 .31  ?
616 ,303
621  .525
62A.7  40

- . - -  LEFT
sLOPE CATCH PT

TENTERLl} iE
OFFSET

,00
,00
.00
,00
.00
,00
.00
.00
.00
,00
.00
,00
,00
,00
.00
,00
,00
,00
.00
,00
,00
.00
,00"  ' 00
.00
,0c
.00
. 00
,00
.00
.00
,00
r00
,00
,00
,00
,00
.00
,00
,00
,00
,00

- - - -  R IGTJI  - - - -

CATCH PT SLOPE

1 ,5
2 ,0
1 ,5
1 .5
2 ,0
2 ,0
l . s
1 .5
| , 5
1 .5
2 .0
| , 5
1 .5
l .s
t ,s
1 ,5
| , 5
1 .5
1 .5
L5
1 .5
1 .5
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GENWAL HUNTINGTON CRETK BRIDGE FOUNDATION REPORT

i.  PURPOSE AND SCOPE

fhe purpose o f  th is  repor t  i s  to  p resent  the  resu l ts  o f  jnves t , iga t ions  to

determine c r i te r ia  fo r  foundat ion  des ign  fo r  a  60- foo t  p re-s t ressed concre te  b r idge

across Hunt ington Creek approx' imately 11 mi ies above the Hunt ington Canyon Power

P lan t r  jus t  o f f  U tah  H ighway 31 .  The br idge w i ' l l  accommodate  heavy  t ruck  load ing

for.  the Genwal coal  mine to be located approximately 1 mi le up Crandal l  Canyon from

the proposed br idge.

i I .  iNVESTIGATION APPROACH

A CME-55  d r i l l  r i g ,  u t i l i z ing  an  8 "  ho l low s tem auger  was  used  to  d r i l l  one

ho le  a t  each abutment  loca t ion  a t  the  br idge s i te .  B lo rv  counts  and penet ra t ion

samples  were  taken us ing  a  340- Ib  hammer  w i th  30"  f ree  fa l l  and  a  sp ' l i t  spoon

Cal i fo rn ia  sampler  dev ice .  Dr i l l i ng  was accompf  i shed February  5 -6 ,  respec t ' i ' re1y

for bor ings # ' l  & 2.  Laboratory tesi ing of  samples was then accompl ished tc dEier^m' ine

c lass i f i ca t ion ,  dens i ty ,  mo is tu re ,  and o ther  c r i te r ia  to  be  used fo r  bear jng  and

set t iement  cons idera t ions .  Pr io r  to  d r i l l i ng ,  the  s i te  was inspec ted  by  a  so i ' l s

engineer and geologist ,  and avai lab' le hydrology reports were reviewed along ur i th

aer ia l  photography  and o ther  pubt ished geo log ic  da ta  fo r  the  spec i f i c  b r idge loca t ion .

I I I .  GEOLOGY

Rocks exposed in the area of  the prcposed br idge crossing of  Hunt ington Creek

are  ass igned to  two un i ts :  the  Mancos Sha le  and the  over ly ing  Star  Fo in i  Sandstone.
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The l , lancos  Sha le  i s  exposed in  the  immedia te  v ic in i ty  o f  the  conf luence o f

Hunt ing ton  Creek  and Cranda l l  Creek  as  y re l l  as  a long the  en t i re  length  o f  Hunt ing ton

Canyon.  S t ra ta  a t  the  proposed br idge c ross ing  be long to  the  l lasuk  i4ember  o f  the

lu lancos  Sha le  and cons is t  o f  med ium 9ray ,  s lope- fo rming"  mudstone and s i l t s tone w i th

subord ina te  s i l t y  sands tone .  The  Mancos  Sha le  i s  genera l l y  non- res is tan t  and

weathers  to  fo rm modera te  s lopes  r , rh ich  are  usua l ly  covered by  a  co l luv ia l ' /Eneer  o f

sands ione bou lders  and cobb les  der ived  f rom the  or re r ly ing  Star  Po in t  sands tone.

The  Hunt ing ton  Creek  channe l  i s  f i l l ed ' r r i i h  a l luv ia l  mate r ia l  de r i ve 'J  f rom ups t ream

outc rops  o f  sands tones  and  s i l t s tones .

Approx imate ly  40  fee t  above the  leve l  o f  Hun i ing ton  Creek ,  the  l4ancos  Sha le

passes  in to  the  Star  Po in t  Sandstone across  a  sharp ,  bu t  con formab ie ,  con tac t .

Th is  contac t  i s  expressed as  change f rom the  even s lopes  l ' i ancos  to  the  a l te rna t ing

benches,  c l i f f s ,  and ledges  o f  the  Star  Po in t .  The Star  Po in t  sands tone cons ' i s ts  o f

a  ser ies  o f  re la t i ve iy  th ick  (40-80  fee t )  c l i f f - fo rming  sands tone un i ts  separa ted

by  th inner^  par t ings  o f  s ' lope- fo rming  sha le  and very  f ine-gra ined sands tone w i th  an

aggrega ie  th ickness  o f  over  450 fee t .  The Star  Po in t  Sandstone has  been d iv ided

in to  th ree  prom' inent  tongues o f  wh ich  on ly  the  lowermost  Panther  Tongue ( t ig .  l )

i s  exposed near  the  proposed br idge c ross ing .  Th is  sands tone cons is ts  o f  bu f f  to

tan  co lo red ,  med ium and f ine-gra ined sands tone wh ich  is  dominant ly  mass ive  to  th ick -

bedded

Al l  s t ra ta  exposed in  the  v ic in i ty  o f  the  proposed br idge c ross ing  s t r i ke  in

a roughly east-west direct ion and dip very gent ly (2 '5n) to the north and northwest.

Both the l4ancos Shale and the Panther Tongue of  the Star Point  Sandstone appear

to be massive uni ts iacking any wel ' l  developed fracture of  io int  systems. ble have

observed fractures i  n the Panther Tongue at  certai  n i  sol  ated outcrops but th ise

are  no t  pervas ' i ve ,  lack  any  sys temat ic  o r ien ta t ion ,  and are  probab ly  a  weather ing

phenoinena not related to any internal  propert ies of  the rock
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i v .  DESIGN coNSIDERATIoNS

I  
tn  . . t t - r - r " -  t t -  Boy le  Eng ineer ing  Corp .  s t ruc tu ra l  des ign  eng ineers ,

ihe  fo l  l  o rv ' ing  i  tems were  d i  scussed:

I  A.  Abutment loading was est i rnated to be 300 kips for  each abutment '  Ant ' i -

l c ipa tedrv id tho f the foo t ing isapprox imate ly9 fee t .
I

B .  Scour  depth  in fo rmat ion  v ,as  unava i lab le  fo r  the  spec i f i c  b r idge loca t ion '

I  ho 'ever  a  rev ie , r  o f  bor ing ' logs  and AASHT0 spec i f i ca t ions  d ic ta ted  a  min imum

I  
o f  bo t tom o f  foo t ing  a t  leas t  4  foo t  be low the  deepest  po in t  in  the  s t ream'

I  C .  h l . i ng  wa l l s  and  back  wa l l s  a re  to  be ,Jes igned  w i th  14  fee t  o f  f i l l  compac ted

I  
on  the  ou ter  edge and 7  fee t  o f  s lop ing  f i ' |1  and r ip rap  on  the  v ra te r  s ide '

I  
v '  ' 'NSTRUC' i 'N  . 'NSIDERATI 'NS 

- !  - . . ^ ! :  ̂ -  :+
In  cons ider ing  prac t ica l  methods  o f  cons t ruc t ion ,  i t  was  genera l i y  agresd tha t

I  p i l i ng  shou ld  be  a ' ro ided  i f  poss ib le  s ince  h igh  mob" i l ' i za t ' i on  cos ts  and  poss ib le

I  bou lder  encounters  dur ing  dr iv ing  wou id  render  p ' i1 ing  usage bo th  uneconomica l  and

I  . imprac t ica l .  spread foo t ings  may be  used,  bu t  must  be  p laced a t  a  depth  v there in

I  
the bottom of the foot, ing is at  least  4 feet  below the permanent stream bed'  There-

fore,  dur ing construct . ion,  some water can be expected in the foot ing excavat ions

I  f rom the exist ing water table vrhich was 5 feet  below grade at  the date of  bor ing'

I  I f  water  i s  encountered  i t  may be  d ' i sp laced us ing  lean concre te  to  p rov ide  a  work ing

I  sur face  fo r  tne  rounqac ion '

t  
The ent i re area around the abutment should be cleared and grubbed and f i l l

mater . ia rs  must  be  used wh ich  are  f ree  o f  o rgan ic  mater ia r -  F i l l  shou ld  be  compacted

I  in  6 , ,  l i f t s  to  9 ,%max imum dens i ty  as  des ignated  in  AASHT'  T- lB0 '  Both  s ides  o f

l thebackwa l ]shou ]dbe f . i l l eds imu l taneous ly .
I

I
I
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r

D.

V i DESiGN RECOPIMENDATiONS

The fo l low ing  des ' ign  c r i te r ia  sha l l  be  used  fo r  foo t ing  and  backr . ra l l  des ign :

A.  A l lo ' r rab le  bear ing  pressure .  A l lo rvab le  bear ing  pressures  are  presented

in  f igure  2  and are  dependent  on  the  depth  and w id th  o f  foo t ing .  These a l low-

ab le  bear ing  pressures  prov ide  fo r  a  fac to r  o f  sa fe ty  o f  2  aga ins i  bear ing

fa i lu re ' l h i l e  l im i t i ng  to ta l  se t t l ement  to  l "  o r  i ess .  l l o te  tha t  dep th  o f

foo t ing  has  a  much grea ter  in f luence on  a l iowab ie  bear ing  than does  r * id th  o f

foo t ing .  The des ' igner  i s  cau t ioned no t  to  exceed va lues  sho ln  on  f igure  2 .

B .  Backwa l l  des ign .  For  backwa l l  des ign  the  fo i low ing  paramete rs  sha l l  be

cohes ion  (c=0) ,  ang le  o f  i n te rna l  f r i c t i on  {o=30o) ,  d ry  dens i t y  (vo=

p ,c . f . ) .

F ros t  depth  =  5  fee t  be low grade min imum.

Scour  =  4  fee t  depth .  Bot tom o f  foo t ings  nus t  be  a t  th is  e leva t ion  or

I  o le r .

E .  Water  tab le  var ies  r , r i th  season and

tab le  above bo t tom o f  foo t ing  shou ld  be

VI i .  CLOSURE

control  of  upstream dams -  h igh water

an t i  c i  pa ted .

Soi l  condi t ions may vary great ly for  areas in the v ic in i ty of  the proposed

br idge,  however  we be l ieve  the  preced ing  d iscuss ion  and recommendat ions  to  be  va ] id

fo r  the  present  p roposed Ioca t ion .

Dur ing  cons t ruc t ion ,  i f  so i l  cond i t ions  are  found to  be  rad ica l l y  d i f fe ren t

f ro rn  those addressed in  th is  repor t ,  R&M Consu l tan ts ,  Inc .  shou ld  be  contac ted

immedi ately
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I .  INTRODUCTION

Presen ted  in  th i s  repor t  a re  the  resu l t s  o f  ou r  ana lys is  concern ing  the  s tab i l i t y

o f  a  l3 -m i le  a l l -wea ther  C lass  I  access  road  p roposed  by  Genwa l  Coa l  Company ,  Inc .

near  Hun t ing ton  Canyon ,  U tah .  Th is  road ,  connec t ing  to  U tah  H jghway  i0 ,  wou ld

prov ide  access  to  the  coa l  l eases  acqu i red  by  Genwa l  apprcx imate ly  l ]  m i les  up

Cranda l l  Canyon,  a  smal l  canyon o f f  Hunt ing ton  Canyon.

Th js  p roposed  access  road  wou ld  genera l i y  run  a long  the  Cranda l l  Creek  on  i t s

nor th  bank  some 30-50 fee t  above the  c reek  bed,  and span over  f {un t ing ton  Creek  w j th

a  b r . idge  c ross ing  immed ' ia te ly  be fo re  io in ing  u tah  H ighway  10 .

The  con f igu ra t ions  o f  the  s lope  and  roadway  used  fo r  the  s tab j ) i t y  ana lys is  a re

based  on  the  a l ignment  and  c ross  sec t jons  p repared  and  fu rn ished  by  Boy le  Eng ineer ing

Corpora t ion  o f  Sa l t  Lake  C i ty ,  U tah .  Due  to  the  l im i ta t ion  o f  t ime  and  budge t '

on ly  those  c ross  sec t ions  cons ' ide red  as  c r i t j ca l  were  ana l  yzed-

Recommendat ions  regard ' ing  the  re ta in ing  s t ruc tu res  fo r  the  roadbed and the

prepara t ion  o f  subgrade  a re  a lso  p reser t ted -

I i .  SUBSURFACE CONDIT IONS

Method o f  Inves t i  ga t ' ion

The proposed access  road js  to  be  loca ted

Canyon v r i th  vary ing  s teepness .  Because o f  the

rou te  o f  the  road ,  i t  was  no . t  poss ib le  to  bore

cond j  t i  ons  .  I  ns tead,  tes t  p i  t s  v re re  dug w i . ih

a l  I  ow v i  sua l  exami  na t i  on  and so ' i  
' l  

sampf  ing  f  o r

a long  the  nor th  s lope  o f  Cranda l l

rugged  te r ra in  a long  the  se lec ted

ho les  fo r  de te rmin ing  the  subsur face

a backhoe to  expose the  subso ' i l  and

I  abora tory  tes t i  ng .



il

il
it
ll
tl
ll
il
ll
jl

il
rl
rl

tl
il
il
I
il

:l

A to ta l  o f  4  tes t  p i t s  were  dug  a t  l oca t ions  where  s lope  s tab i l i t y  o f  the

proposed  road  appeared  c r i t i ca l .  Tes t  P ' i t  (TP)  No .  I  was  loca ted  approx imate ly

12  fee t  le f t  o f  Q  S ta t ion  25+60 ,  TP No .  2  a t  25  fee t  le f t  o f  I  S ta t i  on  47+75 ,

TP No.  3  a t  +S fee t  le f t  o f  I  S ta t ion  71+00,  TP No.  4  a t  20  fee t  le f t  o f  Q-  S ta t ion

B l  +45 .

Subsur f  ace  Cond ' i t i  ons

Genera l l y ,  a  layer  o f  up  to  l5 - f t  th j ck  a l luv ia l  overburden  covers  the  g round

on  the  s lope  a long  the  se lec ted  rou te  o f  the  road .  Under l y ing  th i s  a l luv ia l

overburden  i s  the  S ta r  Po in t  Sands tone ,  B lackhawk Format ion  (? ) ,  wh ich  f requen t ' l y

ou tc rops  in  Cranda l l  Creek  and on  top  o f  the  s1ope,  nor th  o f  the  proposed road,

fo rmi  ng  c1  i  f f s  .

The  S ta r  Po jn t  Sands tone  cons is ts  o f  c ross - lan r jna ted ,  med ium-  to  f i ne -g ra ined

sands tone  and  s i l t s tone .  Genera l l y ,  the  upper  c l i f f - fo rm ing  S ta r  Po in t  Sands tone

js  mass ' i ve  and  res is tan t ;  wh i le  the  lower  S ta r  Po in t  Sands tone  var ies  f rom mass ' i ve

to  th in -bedded  and  i s  mos t l y  non- res is tan t .  The  rock  i s  u rea thered  to  fo rm p la ty

t i ss i le  p la tes  toward ' i t s  su r face .  A l l  s t ra ta  exposed  a long  the  se lec ted  rou te

s t r i ke  rough ly  in  an  eas t -wes t  d i rec t ion  and  d ip  ve ry  gen t l y  (3 -7o)  to  the  nor th .

A  more  de ta i led  geo log ica l  desc r ip t ion  o f  the  S ta r  Po in t  Sands tone  i s  p resen ted

' in  "Genwal  Hunt ing ton  Creek  Br idge Foundat ion  Repor t "  da ted  February ,  l98 l ,  p repared

by  R&M Consu l tan ts ,  Inc .

The  a l luv ia l  overburden ' i s  the  mate r ia l  wea thered  and  decomposed  f rom the

under l y ing  and  ou tc ropp ' ing  S ta r  Po in t  Sands tone .  I t  cons is ts  o f  s i  1 ty  sand  w i th

grave ls  and  bou lders  up  to  3 ' f t  i n  s i ze .  Sca t te red  ' rege ta t ion  covers  the  a rea  o f

the  p roposed  road  w i th  o rgan ic  subs tances  found  jn  the  top  1  f t  o f  so i l .
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Labora tory  Tes t i  ng

Se lec ted  so i l  samp les  ob ta ' ined  f rom the  tes t  p i t s  were  ana lyzed  and  tes ted  jn

the  labora to ry .  t " l even  g ra in  s i ze  d ' i s t r ibu t ion  ana lyses  and  t 'wo  mo is tu re -dens i t y

compac t ion  tes ts  (mod i f ied  Proc to r )  have  been  conduc ted .  The  resu l t s  o f  these

tes ts  a re  inc luded  in  Append ix  A .

The  a l luv ia l  overburden  mate r ja l  i s ,  as  ind ica ted  by  the  g ra in  s i ze  d js t r ibu t ion

resu l t s ,  c lass i f i ed  ma in ' l y  as  SM mate r ia l  accord ' ing  to  the  Un i f ied  So i l  C lass i f i ca t ion

sys tem and  j s  genera ' l ' l y  va ry ing  f rom fa i r  to  we l l  g raded .  The  percen tage  pass ing

No.  200 s jeve  var ies  f rom 20% to  40%.  Th ' i s  mater ia l  i s  judged to  be  very  low to

non-p las t i c  and  shou ld  be  fa i r  to  good  mate r ia l  fo r  road  cons t ruc t ion .

The  t i vo  mo is tu re -dens i t y  compac t jon  tes ts  show tha t  the  a l luv ja l  overburden

mater ia l  has  an  average max ' imum dry  dens i ty  o f  120 pc f  u r i th  an  op 'u imum t r ra te r  con ten t

u l  I  I . J / o .

Soi  I  Parameters

Based  on  labora to ry  tes t  resu l t s  and  f ie ld  observa t ion ,  the  so i l  pa ramete rs  used

for  the  s l  ope s tab ' i  f  i  t y  ana lys i  s  were  as  fo l  I  ows:

Mater " ia l

A l  I  uv i  a l  0verburden

Embankment  F ' i l  I

The bedrock  was

fa ' i l u re  c i r c le  wou ld

Ang le  o f  In te rna l
F n i n * i n n  a
I  r  I  v v  I  v r r t  Y

cons ide red  t o  have  a  much

no t  cu t  ' i n t o  t he  rock .

Cohes ion ,  C

h igher  shear  s t reng th ,

Un i t  h l t . ,  pc f

105

124

there fore  the
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I I I .  STABIL ITY ANALYSIS

The ana ' l ys is  o f  s tab ' i1 i t y  o f  the  p roposed  access  road  was  accompl i shed  by  us ' ing

the  SLOPE- I1  Computer  Program deve loped by  Geo-S lope Progranrming L td .  and marke ted

by  Boe ing  Computer  Serv ices  Company.

A to ta l  o f  4  c ross  sec t jons  o f  the  s lope and roadway were  ana lyzed:  S ta t ' ion

25+50,  S ta t ion  47+00 ,  S ta t ion  48+00  and  S ta t ion  73+00 .  These  loca t ' i ons  were  se lec ted

because  they  were  judged  to  be  o f  h igh  s lope  fa i lu re  po ten t ia l .  S ta t jon  25+50  was

des ' igna ted  to  be  ana lyzed  by  the  Fores t  Serv ice  because  o f  a rcheo log ica l  f i nds

requ i  r i  ng  preserva t ' ion .

Surcharge  due  to  t ra f f i c  l oad  was  cons idered ' in  the  s tab i l i t y  ana lys is  by

assuming AASHTO HS20-44 t rucks  occupy ' ing  bo th  t ra f f i c  lanes .  Four  l jne  loads  o f  320

pounds per  l inea l  foo t  spaced a t  6 - f t  cen ters  on  the  t ra f f i c  lanes  were  used to

represen t  such  surcharge  loads .

B ishop 's  S ' imp l i f i ed  Method  was  chosen  as  the  theore t i ca l  bas is  fo r  ana lyz ing

thp  s lone  s tab i l i t y  p rob lem.  The  ou tcome o f  the  ana lys is  f rom the  compute r  p rogram
v _ e _  ,  _ J  

T .  
- _  _ _ . . -

' i nd ica ted  b lock  fa i l u re  o f  a  so i l  mass  s l id ing  on  the  sur face  o f  bedrock  to  be  the

genera l  p robab le  fa i l u re  mode o f  a l l  c ross  sec t ions  ana lyzed ;  Ske tches  showing  the

most  c r i t i ca l  s l i p  su r face  o f  each  c ross  sec t ion  a re  inc luded  in  Append ix  B .  The

min imum fac to rs  o f  sa fe ty  o f  these  c ross  sec t ions  aga ' ins t  s lope  fa i lu re  a re  tabu-

I  a ted  as  fo l  I  ows:

Sta t i  on

25+50
47+00
4B+00
73+00

Mi  n i  mum
Factor of  Safety

I  .658
4  4  n a
L .  L + J

2.159
I  .357
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As shown above ,  the  mos t  c r i t i ca l  c ross  sec t jon  has  a  m in jmum fac to r  o f  sa fe ty

o f  
. l . 36 .  

Th is  c ross  sec t ion ' i s  represen ta t j ve  f rom Sta t ion  7 l+50  to  S ta t ion  74+00

where  a  re ta in ing  s t ruc tu re  i s  requ i red  downs lope  o f  the  p roposed  road ' to  avo id  a

h igh  embankment  tha t  wou ld  f j l l  up  the  c reek .  The  mos t  c r i t i ca l  fac to r  o f  sa fe ty

fo r  the  p roposed  road  aga ins t  s lope  ins tab i l i t y  exceeded  the  min imum o f  
. I .25  

requ i red
1

by  CFR'  .

The  p roposed  road  j s  the re fo re  cons idered  s tab le .  However ,  cons t ruc t ion  o f  the

road  and  the  re ta in ing  s t ruc tu re  mus t  con fo rm to  the  requ i rements  d iscussed  in  the

nex t  sec t ion  to  ensure  tha t  paramete rs  used  fo r  the  ana lys is  were  va l id '  R&tv l

Consu l tan ts ,  Inc .  shou ld  be  con tac ted  be fo re  any  dev ia t ion  f rom such  requ i rements

and  change  o f  road  a l ignment ' i s  made s jnce  add i t i ona l  ana" l ys is  o f  the  road  s tab i l i t y

may  be  requ i red .

iV .  SUBGRADE PREPARATION AND PAVEMENT DESIGN

The a l luv ia l  overburden  mate r ia l  cons is ts  ma in1y  o f  s i l t y  sand  (SM mate r ia l )

w i th  some g rave ls  and  bou lders  up  to  3  f t  i n  s j ze .  Th ' i s  mate r ia l  j s  cons idered  as

fa i r  to  we l l  g raded ,  ve ry  low to  non-p1as t i c .

Accord ing  to  the  resu l t s  o f  the  g ra in  s i ze  d is t r ibu t ' i on  ana lyses  per fo rmed on

samples  ob ta ined  f rom the  tes t  p i t s ,  the  CBR va lue  o f  the  a l luv ia l  overburden  mate r ia l

shou ld  range f rom l5  to  25 .  For  the  purpose o f  pavement  des ign  o f  the  proposed

road ,  a  CBR va lue  o f  no  g rea te r  than  20  shou ld  be  used .

Vege ta t ion ,  i nc lud ing  g rass ,  bushes  and  t rees ,  w i th in  l im i t s  o f  the  p roposed

road  shou ld  be  c leared  and  g rubbed .  The  top  I  f t  o f  so i l  shou ld  be  removed  to

e l im ina te  mos t  o f  the  o rgan ' i c  mate r ia l  i n  the  subgrade .  The  a l luv ia l  overburden

mater ia l  may  be  used  fo r  the  cons t ruc t ion  o f  roadway  embankment .  Cobb les  and  bou lders

l  
" cod "  o f  Federa l

Ju l y  1 ,  1979 ,  pub ' l i shed
Regu la t i ons ,  Vo lume  30  -  M ine ra l  Resou rces "  r ev j sed  as  o f

by  t he  O f f i ce  o f  Fede ra l  Reg i s te r ,  Chap te r  V I I  -  O f f j ce
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i  a rger  than 6  j  nches  ' i  n  s  i  ze  ' i  n  the  a l

sma l le r  p jeces  when used  as  embankment

l u v i a l  ove rbu rden  shou ld  be  b roken  i n to

f i  I  I  ma te r i  a l  .

V .  CONCLUSIONS AND RECOMMENDATiONS

Conc l  us ' i ons

The mos t  p robab le  s lope  fa i lu re  mode o f  the  p ropcsed  access  road  i s  b lock

fa i lu re ;  a  so i l  mass  s l id ing  over  the  su r face  o f  bedr^ock .  The  p roposed  road  i s

cons idered  s tab le  w i th  a  m in ' imum fac to r  o f  sa fe ty  aga ins t  s lope  fa i lu re  exceed ing

the  requ i red  
. l .25 .  

The  s t re tch  o f  road  f rom Sta t ion  7 l+50  to  S ta t ion  74+00  has  the

h ighes t  fa i  lu re  po ten t ia l  w ' i th  a  c r i t i ca l  m in ' imum saf  e ty  f  ac to r  o f  approx ' in ra te ly

I  .36 .

Genera l l y ,  the re  i s  a  h igher  r i sk  o f  s ' l ope  fa i lu re  o f  the  road  where  re ta in ing

s t ruc tu re ' i s  requ i red  to  con ta in  the  road , r lay  embankrnen t .  Spec ia l  cons idera t jon  has

to  be  g iven  to  the  des ' ign  o f  these  re ta in ing  s t ruc tu res .

The  a l luv ja l  overburden  mate r ia l  a long  the  rou te  o f  the  p roposed  road  i s

genera l l y  su i tab le  fo r  bo r row mate r ia l  fo r  road  cons t ruc t jon .  However ,  bou lders  6

inches  o r  la rger -  i n  s i ze  shou ld  be  b roken  up  to  be  L rsed  as  bor row mate r ia l .  To

ensure  the  va l id i t y  o f  the  so j l  pa ramete rs  used  in  the  s lope  s tab ' i i i t y  ana lys is ,

the  cons t ruc t ion  and compact ' ion  requ i rement  recommended be low shou ld  be  fo l lowed.

Recommendat i  ons

The  vege ta t i on  w j t h i n  t he  road  cons t ruc t i on  l im j t s  shou ld  be  c l ea red  and

g rubbed .  The  t op ' 12  i nches  o f  so i l  shou ld  be  s t r i pped  and  d ' i s ca rded .  A  CBR va lue

no  g rea te r  t han  20  i s  recommended  fo r  t he  pavemen t  des ign  o f  i he  p roposed  road .

The  a l l uv i a l  ove rbu rden  ma te r i a i ,  f r ee  o f  cobb les  and  bou lde rs  l a rge r  t han

6  i nches ,  f i dy  be  used  fo r  t he  roadway  embankmen t .  Th i s  ma te r ia l  shou ld  be

comoac ted  i n  8 - i nch  l oose  l i f t s  t o  a t ' l eas t  96% o f  t he  max ' imum dens i t y  de te rm ined

bv  ASTM 1557 -70  (mod i f i ed  P roc to r  Me thod ) .
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Because o f  h igher  s lope fa i  lu re  po ten t ia l  ,  the  road ' r tay  embankrnent  re ta in ' ing

s t ruc tures  shou ld  be  founded on  bedrock  v rherever  p rac t ica l .  The re ta in ing  s t ruc tu res

shou ld  be  ana lyzed  jnd iv idua l l y  fo r  s tab i l i t y  aga ins t  c ' i e r tu rn ing .  The  sa fe ty

fac to rs  aga ' ins t  over tu rn ing  and  s l id ' i ng  a re  recommended to  be  a t  l eas t  2 .0  and  
. l .5 ,

respec t i  ve1  y  .

D i t ch  shou ld  be  p rov ided  on  the  ins ide  shou lder  o f  the  p roposed  road  and

shou ld  be  des igned  to  sa fe ly  pass  the  peak  runo f f  f rom a  1O-year ,Z4-hour  o r  g rea te r

p rec ip i ta t ion  even t .  The  rock  s t ra ta  a long  the  p roposed  road  genera l ' l y  d ip  3 -7o

to the  nor th  and  shou ld  be  advan tageous ' in  m ' in im iz ing  runo f f  i n f i l t ra t ion  in to  the

roadbed .  Sed iment  con t ro l  s  shou ld  a lso  be  p rov ided  to  m i  n im ize  sur face  e rcs ' i c ' t t -

Revegeta t ion  is  recommended on cu t  sur face  in  the  so i l  o ' re rburden ups lope o f  the

road;  and e i ther  rock  r ip rap  or  vegeta t ' ion  is  recommenCed on f j l l  sur face  downs ' lope

of  the  road.

{) o-2\-/A dD
J .  5 .  L i  u ,  P .E .  ,  Ph .  D .
Sen io r  Geotechn ica l  Eng ineer
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