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SUMMARY

The purpose of this report is to substantiate the design of a road

to serve a coal mine in Crandall Canyon.
Design of the road must satisfy those requirements established by
the governing regulatory agencies and integrate with the environment.
The proposed alignment extends from State Highway 31 in Huntington
Canyon approximately 1% miles up Crandall Canyon to the mine site. A
24 foot wide, 60 foot span bridge will cross Huntington Creek. Créndall
Creek will be diverted back into the original channel. The archaeologi-
cal site will be bypassed by the proposed and alternate alignments.
Safety, environmenta] impact, cost, and timely completion were
held paramount in selection of alignment. The proposed alignment best
satisfies all of these parameters.

The proposed alignment as detailed on the design drawings should

be constructed to serve as access to the mine site.




INTRODUCTION

PURPOSE

This report provides a written narrative substantiating design
drawings for an access/haul road extending from State Highway 31 in
Huntington Canyon 1% miles up Crandall Canyon. The road will serve

the proposed mine to be operated by Genwal Coal Company.

PROBLEM

An improved road is an absolute necessity for operation of the
mine facility. Design of the road must satisfy the requirements
established by the governing regulatory agencies. Local geology
makes this task difficult, particularly as relating to integration

with existing environment.

SCO?E

In designing the road, four alignments were considered. The routes
differ only in the lower reaches of the road. However, since the four
alternate a]ignments are variations of two distinctively different align-
ments, only the two alignments will be discussed in this report.

Selection of the proposed alignment as most appropriate was based
upon safety, environmental, cost and time considerations.

The proposed alignment is described and selection as most appropri-
ate substantiated in Section I. Section I1 addresses the alternate

alignment. Justification which manifests the alternate alignment to be

less appropriate is given. A brief discussion of cost followed by
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conclusions and recommendations complete the report.
SECTION I: PROPOSED ALIGNMENT

The proposed 2lignment as described on the design drawings best
satisfies the selection parameters of safety, impact on environment,
cost, and timely completion. Each of the major design and construction

obstacles are discussed under separate headings which follow.

HUNTINGTOM CREEK

A 60 foot single spen bridge as approved for final design by the
Forest Service will cross Huntington Creek. Total bridge width is 24
feet p}oviding two 11 foot traffic lanes. The bridge deck will be pre-
cast, prestressed concrete sections. Bridge abutments, wingwells, and
foundation will be constructed of in-place reinforced concrete. Rein-
forced concrete approach slabs are pfovided to accommodate any differ-
ential settlement between bridge and roadway embankmenf. The foundation
is a spread footing designed according to soil characteristics as ident-
ified in the foundation report prepared by R & M ConsuTtantsl. Tapered
wingwalls are provided for roadway embankment restraint and channelization.

Hydraulic information for design is based vpon a report prepared for

Genwal Coal Company by Valley Engineering, Inc.2 This report recommended

1Genwa] Huntington Creek Bridge Foundation Repbrt, Project No. 161005
R & M Consultants (Murray, Utah, 1987).

2Genwal Coal Company Crandall Canyon Bridge Concept Plan, Valley

3

Engineering, Inc. (Richfield, Utsh, 1980).




S B N BN N A E B A BN B B B BN S B B e

construction of a 60 foot span bridge. The increased span affords a con-

siderably greater flow capacity.

CRANDALL CREEK

Environmental impact and safety were the governing parameters in sel-
ecting‘the proposed roadway alignment along the lower reaches of Crandall
Creek. Diversion of Crandall Creek into the original channel will be
necessary. A 9'-6" x 6'-5" corrugated metal pipe arch culvert will be
placed in the original channel to carry Crandall Creek under the roadway.
Grading of portions of the original channel near the proposed confluence
with Huntington Creek will be recessary to provide a smooth transitional
slope. Channel grading is designed such that existing discharge veloc-
ities will not be exceeded. .

In order to provide a more natural channel bottom through the culvert,
the design requires the invert of the culvert be placed one foot below
invert of flow profile. Native material will then be placed throughout
the bottom of the culvert.

Diversion of Crandall Creek into the original channel allows the
road alignment to follow a reasonably gentle curve directly following the
bridge.

The existing alignment of Crandall Creek anc the proposed road embark-
ment conflict in three afeas above the mouth of Crardall Canyon. It will

be necessary to construct retaining walls to prevent the roadway embank-

ment from encroaching upon and altering the alignment of Crandall Creek




in these areas.
Erosion protection of the roadway embankment will be necessary in
several locations where abrupt changes in the alignmert of Crandall Creek

exist.

ARCHAEOLOGICAL SITE

An archaeological site has been identified near the mouth of Crandall

Canyon. Protection of the site and timely compietion of the road were
decisive in selection of the proposed alignment. The proposed alignment

averts the archaeological site and provides a buffer between the road and

site.

LOCAL GEOLOGY AND ENVIRONMENT

Considerable difficulty was encountered in designing a road which
satisfies specific requirements and mitigates environmental impact. Local
geologic features constrained elignment selection. The proposed alignment
and alternate alignment are, therefore, identical abave the archaeclogical
site. Outcrops of the Star Point Sandstone Formation are encountered with
no reasonable pessibility of circumvention in two conspicuous régions.
Drilling and blasting will be necessary for construction of the road in

these regions.

SECTION II: ALTERNATE ALIGNMENT

The alternate alignment differs both horizontally and vertically in




the lower portion of the road. The major difference being the alternate
alignment averts Crandall Creek at the canyon mouth. This allows Cran-

dall Creek to maintain existing alignment.

HUNTINGTON CREEK

Bridge span, width and location are identical for both a]ignmenté.
However, the bkidge will be in a 33.3 percent grade in the alternate
alignment. The west bridge abutment will be raised two feet resulting
in a considerabhle increase in construction cost. The exposed concrete

surface of the west abutment will be increased by 33%.

CRANDALL CREEK

In order to circumvent Crandall Creek an extreme curve is necessary
beginning at the west bridge abutment. The alternate alignment then
parallels Crandall Creek for approximate]y 300 feet with roadway embank-
ment falling in the existing Crandall Creek channel. Grade constraints
on approaches_to State Highway 31 and the bridge dictate vertical align-
ment of tﬁe roadway. This vertical alignment is below the existing
Crandall Creek channel immediately following the tridge. Channel exca-

vation or berming will be necessary to pass design flows.

ARCHAEOLOGICAL SITE

Both the proposed and alternate alignments avert the archaeological
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site. PRefer to the subject heading of the same title in Section I for

discussion.

LOCAL GEOLOGY AND ENVIRONMENT
Both the proposed ard alternate alignments are identical beyond
the archaeological site. Refer to the subject heading of the same title

in Section I for discussion.
COSTS

Preliminary cost estimates for the proposed and alternate align-
ments are approximately equal. The major cifferences whick account for

the approximately equal costs for construction are summarized below.

Proposed Alignment
1. Additional channel excavation.
2. 9'-6" x 6'-5" x 65' corrucgated metal pipe
-arch culvert.
3. 75" x 15' high retaining wall at archaeoWQgité1 g

site.

Alternate Alignment
1. Increased west bridge abutment height.
2. Fewer earthwork balance points forces excessive

~overhaul.




3. Excess excavation to be disposed of.
4., Special treatment of Crandall Creek channel

at cahyon mouth.

CONCLUSIONS

In design of the rcad, numerous field trips were conducted to verify
the most appropriate solutions to obstscles encountered. The following
conclusions were derived from these field reviews and investigations for
design:

| 1. The proposed alignment provides excellent earthwork
ba1an¢e.
2. Both alignments provide'acceptab1e vertical grades.
3. The proposed alignment affords a greater degree of
trafffc safety.
4. The proposed alignment prov{des numerous earthwork
balance points which minimizes overhaul and lessens construc-

tion impact.

5. A disposal area for excess excavation 1s necessary
for the a]terhate alignment.

6. Both a]ignﬁents impact Crandall Creek.

7. Due to the proximity cf Crandall Creek to the alter-

nate alignment at the canyon mouth, future impact upon Crandall

Creek can be enticipated.




8. A more aesthetically pleasing bridge crossing at
Huntington Creek can be provided with the proposed alignment.
This is possible due to less exposed concrete and a bridge

profile which is concurrent with the water profile.

RECOMMENDATIONS

Design investigation as summarized in this report manifest the fol-

|
|

lowing recommendations:

1. Construction of a road in Crandall Canyon should
follow the proposed alignment.

2. The bridge crossing at Huntington Creek should pro-
vide two traffic lanes.

3. The bridge span at Crandall Creek should be 60 feet.

4. Solid rock slopes encountered in construction should
have a 4% horizontal to 1 vertical slope.

5. Fractured rock slopes encountered in construction
should have a % horizontal to 1 vertical slope.

6. A natural earth bottom should be provided in the

culvert on Crandall Creek by oversizing the culvert and in-

stalling accordingly.

7. Temporary ponds for sediment removal should be con-

structed of straw bales along Crandall Creek prior to construc-

tion.




8. 1Isolation of the bridge foundation construction area

on Huntington Creek should be provided by temporary diking.

9. Bridge construction should be coordinated with water

users and accomplished during low flow (early spring).

|




l PROPOSED
I BOYLE ENGINEERING - HORIZONTAL ALIGNMENT
CEMWAL COAL CORP. MINE ACCESS ROAD ALT NO. &4; CRANDALL CANYON
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20 101200.8191  107370.5920 1011.1431
’ 5 88-29-13.2 U
S P 21 101195.4703  107175.4600 1206.1431  0- 0- .OR
il S 88-27-13.2 U
B oo 22 101396.7765  107170.3429  RAD= 201.3763  59-40-57.B R
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l | § 54-10-11.0 U
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- N 78-25-42.1 E
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l S B1-57-55.0 U
L PT 5% 101453.1578  105428.1301 2970.7757 0 0~ .4 L
l 5 81-57-54.4 U
= pc 61 101414.5257  105358.4578 3247.1613 0= 0- 1.1 R
| § 81-57-55.5 U
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BOYLE ENGINEERING - EARTHUODRK CALCULATIONS

GEHWALL COAL CORP. HINME ACCESS ROAD ALT. NO. 4; CRANDELL CANYON

FEeeakrrErakasasasuasesixs VERTICAL BEONETRY ssdbkebxsrbRedarlasiaprns

' BEGINNINS OF CURVE CURVE P.I1. END OF CURVE - CURVE
II GRADE STATION ELEVATION STATION ELEVATION STATION ELEVATIDN LENGTH
{ 1035.00 338.00
| l 000000 S
- . 1200.00 338.00 1300.00 338.00 1400.00 31456.43 200.00
f 086333 o
]'I 2683.71 457 .47 2783.71 484.10 . 2883.71 472.63 . 200.00
.065333 o
: 2883.71 472,63 3083.71 485.70 3283.71 501.70 400,00
| 079994 _ N
| Il 3500.00 519.00 3400.00 527.00 3700.00 535.22 200.00
i .082229 _
= 4533.70 603.78 4633.70 $12.00 4733.70 $14.25 200.00
l .022500 ~ ‘
= 4733.70 $14.25 4833,70 6156.50 4933.70 623.86  200.00
, .073500 _ ‘
| 'I 5358.70 455.14 5458.70 §42.50 5558.70 656.90 200,00
| - .044900 _
5983.70 $85.60 4083.70 $720.00 $183.7 693.464 200,00
; .084515 :
| 6763.70 747.54 $863.70 756,00  £963.70 764.00 200.00
.630000
; 7343.70 794.00 7463.70 804,00 7543.70 807.47 200,00
| 036467
‘ . 7943.70 822.33 . 8043.70 824.00 8163.70 834.00 200.00
.080000 ' ' :
. 8563.70  845.00 8463.70 874.00 87463.70  832.34 200.00
.083355 : . '

|
I
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' BASELINE  CENTERLINE X-SECTICN AREA THCREHTAL VDL ACCURULATED VoL HASS
' STATIOH STATION cuT FILL CuT FILL cuT FILL HANL
, 1200.00 1200.069 .00 -259.2 0 0 0 0 : 0
1250.00 1250.00 .0 -B1.7 0 -314 0 -343 ~343
I 1300.00 1300.00 41,2 -1.0 I8 -77 38 - -451 -413
A 1400.00 1400.00 155.1 -2.5 363 -7 492 -458 -57
1500.00 1500.00 0 -143.9 287 -280 - 439 -781 -92
I 1600.00 1600.00 50.3 -.0 93 -274 782 -1093 -314
} 1709.00 1700.00 L0 -142.4 93 ~244 875 -1401 -524
f 1800.00 1800.00 99.5 -19.5 184 -390 10460 -1744 -484
}l ' 1900.60 1900.00 105.9 -, 0 380 -3 1440 -1787 -347
| 2000.00 2000.00 230.5 -0 623 0 2063 -1787 274
, 2100.00 2100.00 52.7  -30.1 525 -54 2588 -1851 734
(B 2200.00 2200.00 O -581.3 98  ~1995 2485 -3111 -A24
{. 2300.00 2300.00 53.2 -3i1.1 99 -1414 2784 -4959 -2185
.; 2400.09 2400.00 L0 -792.1 99  -2043 2882 -7318 -443%
e 2500.00 2500.00 0 -584.9 0 -2550 © 2832 ~10251 T =7349
,. 2550.00 2550.00 .0 ~-B52.7 0 -1331 2882 -11782 -8899
. 2400.00 2600.00 L0 -317.4 0 -1083 2882 -13028 -10145
. 2700.00 2700.00 31.3  -240.1 58 -1032 2940 -14215 -11275
II 2800.00 2800.00 16.0 -206.7 - 88 -827 . 3028 -15167 -12138
8 2900.00 2900.00 34.5 -132.8 94 -429 3122 ~-15989 -12748
5 2950,00 950.00 98.3 -129.7 123 -243 3245 ~146169 -12924
; 3000.00 3600.00 21,1 -152.0 388 ~251 3633 -16449 -128346
fl 3100.00 3100.00 © 19,2 -149.0 830 ~595 42463 -17153 -12889
L 3200.00 3200.00 L0 -484.3 36 ~12i10 4299 -18544 ~14243
, 3300.00 3300.00 226.1  -155.9 419  -1185 4717 ~19907 -15190
I 3400.00 3400.00 160.3 -272.3 716 -793 5433 ~20819 -15384
M 3500.00 3500.00 509.4 -950.1 1240  -2254 6673 ~23422 14749
i 3500.00 2600.00 168.,0 ~-348.4 1254  ~2405 7923 -26188 ~18250
I 3700.00 3700.00 155.5 -292.7 599 -1187 - 8527 ~27553 -15027
| . 3800.00 3800.00 §58,4 -B&0.2 - 1507 -2134 10034 ~30010 -19974
2 3900.00 3900.00 271.2  ~499.5 1721  -2889 11755 -33332 -21577
‘ l 4000.00 4000.00 917.8 -.0 2202 ~-1295 13957 -34822 -20843
; 4100.00 4100.00 433.3 -2.8 2502 -5 16459 -34828 -18349
_ 4200.00 4200.00 - 303.4  -37.8 13564 -75 17823 -34915 -17091
8 4300.00 4300.00 867.7 - -3.6 1798 =727 19622 ~35003 ~15381
i l A400.00 3400.00 529.5 -0 2217 -7 21837 -35010 -13172
L 4500.00 4500.00 1258.1 -.0 3329 0 251467 ~35010 -9843
’ 46090.00 4600.00 773.6 -.0 3781 0 28948 ~35010  -$042
l ‘ 4700.00 4700.00 - 140.9 -63.6 1731 -118 30479 -35144 -4447
f 4800.00 4800.00 L0 -443.0 298 -938 30977 ~36225 -5248
' 4900.00 4900.00 - 172.0 -234.0 319 -1257 31295 ~37671 . -8375
' 5000.00 5000.00 247.6 -6.8 777 -450 32072 -38188 -4115
! 5100.00 5100.00 438.6 . .0 1271 -13 33343 -38202 -4859
o 5200.00 5200.00 226.3  -75.8 1231 ~149 34575 -38344 -37839
B 5300.00 5300.00 $43.6  -.0 1611 -140 36185 ~38525 -2340
. 5400.00  5400.00 424,7 -107.0 1978 ~198 38144 ~38733 -589
i 5500.00 5500.00 437, -57.4 1597 -304 . 39761 ~39103 458
: 5600.00 5600.00 7.5 -98.9 236 -289 40695 -39436 0 1240
l 5700.00 5700.00 34,9 -418.1 190 -957 40884 -40537 349
5800.00 5800.00 L0 -302.3 65 -1334 40951 ~42071 -1120
: 5900.00 5900,00 L0 -452.6 0 ~-1398 40951 -43479 -2728
I £000.00 $000.00 0 -183.5 0 -1178 40951 -45033  -4083-
$100.00 6100.00 L0 -342.3 0 -974 40951 -46153 -5202
6200.00 $200.00 .0 ~-425.2 0 -1421 40951 ~47787 ~-4837
l 4300.00 4300.00 .0 ~1087.3 ¢ ~-2801 40951 -51009 ~10058
6400.00 £409.00 .0 -1098.0 0 ~-4047 40951 ~55443 -14712
4500.00 4500.00 WO =770.4 0 -3450 40951 -59642 -184691
) : ’ 0 -314.0 0 -2012 20951 -61954 -21005
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BASELINE  CENTERLINE X-SECTIDN AREA IHCRSATAL VoL ACCUAVLATED YOL i1ASS

STATION STATION cuT FILL cuy FILL cut . FILL ~ HabL

6700.00 6700.00 .0 -318.5 0 -1175 40951 -63307 ~22356

6800.00 6800.00 32.7 -111.7 41 =797 41011 ~64223 ~23212

6900.00 6900.090 66.8 -83.8 184 -342 411%8 64437 ~23444

7000.00 7000.00 191.1 -9.0 478 -172 41673 ~-64837 23163

7100.00 7100.00 265.7  -34.2 843 -89 42321 -64929 -22408

l 7200.00 . 7200.00 - 117.3  -443.0 21t -1254 43232 -66371 ~2313%
: 7300.00 7300.00 129.7 -588.9 387  -2281 43819 -68995 ~-23176
’ 7400.00 7400.00 246.1 -570.1 826 -2144 44643 -71463 ~-26818
, 7360.00 7500.00 210.0 -5%2.9 843 -2154 " 454392 ~73240 ~2B8451
f 7600.00 7600.00 0 -511.5 389  -2045 45878 ~76292 -30414
: 7700.00 7700.00 3206.1 -422.1 3937 -1729 31813 -73280 ~28465
7800.00 7800.00 1212.9 -297.3 9480 -1332 61293 =79812  -18317

% 7700.00 7700.00 - 1471.3  -785.8 6267  -2005 67362 -82119 . -14537
75 £0056.00 8000.00 131.9 -13.3 3006  -14380 - 70563 -833820 ~13252
8100.00 8100.00 - 104,85  -296.4 47% ~-973 721047 ~-344380 ~13433

} 8200.00 8200.00 0 -625.5 1972 -1707 71244 ~-86443 ~15200
! £300.00 - 8300.00 .0 =123.5 0 -1387° 71244 -83039% ~187%23
£8400.00 8400.00 2438.1 =0 4408 ~227 73851 -88302 ~-12430

| £300.00 83006.00 4813.9 .0 13522 0 89374 ~88302 1072
; 8500.00 84600.60 723.0 ~.0 10355 144 99738 ~-88202 114327
: 8700.00 8700.,00 0 -2B8.4 1450 -534 101168 -88216 12272

83800.00 8800.00 L0 -271.4 0 - ~1037 101188 -90103 11080




u' CER TS FEL SETEREEREEELELEE S NI N1 B A 3 STAHKE DAT A a#rrdsskmrdrpkekrpsrihirks

\ d

| :

; BASELINE  CENTERLIME PROFILE ~=~= LEFT -~--- CEHTERLINE ==== RIGHT -—--
; STATION STATION  GRADE ELEV SLOPE CATCH PT OFFSET CATCH PT SLOPE
[l; 1200.00 1200.00 338.000 1.5 -24.47 .00 23,97 1.5

' 12530.00 1250.00 338.540 2.0 ~-17.48 .00 19.47 2,0
Il 1300.00 1300.00 340.153 1.5 -19.72 .00 22.73 1.5
- 1400.00 1400.00 346.634 1.0 -38.00 00 15.66 2.0
' 1300.00 1500.00 355.2648 2.0 -17.53 .00 16.93 2.0
{l 1600.00 1660.00 353.901 2.0 -18.42 .00 19.25 1.5
{ 1700.00 1700.00 372.533 2.0 -20.30 .00 23.31 1.3
3 1800.00 1800.00 381.169 2.0 -24.40 .00 23.44 1.0

, ; 1900.00 1900.00 389.803 1.5 -22.30 .00 - 23.03 1.5
'l 2000.00 2000.00 398,436 1.5 -23.94 .00 26.02 1.0
T 2100.09 2100.00 T 407.070 1.5 ~27.99 - W00 : 25.52 1.0
. ; 2200.00 2200.00 415.704 1.5 -41,20 .00 19.63 2.0
fl 2300.00 2300.00 424.338 1.5 ~39.74 .00 28.96 1.0
| 5 2400.00 2500.00 432.971 1.5 -45.81 .00 23.17 2.0
! . 2500.00 2300.00 441.46035 1.5 -35.29 : 00 21,53 2.0

. II 2330.90 2350.00 443,922 1.3 ~73.38 .00 17.91 2.0

o 2600.00 2600.00 450.239 1.5 ~36.34 .00 15.38 2.0

| ; 2700.00 2700.00 458.85% 1.5 ~-33,18 .00 26,30 1,90
; 2800.00 2800.09 A466.796 1.5 =36.33 .00 25.32 1.5
’l - 2900.00 2700.00 473.702 1.5 -30.81 00 23.97 1.0
o 2950.00 2%250.00 477.043 1.5 ~32.79 .00 30.43 1.0
. o 3000.00 3000.00 480.479 1.5 -35.34 .00 33.87 1.0
l' 3100.08 3100.00 487.622 1.5 -30,85 .00 23.53 1.0

3200.00 3200.00 495.131 1.5 ~70.80 .00 15.61 2.0

| : 3300.00 3300.00 503,002 1.5 -40.21 .00 34.52 .3
{ l 3400.00 3400.09 511.001 1.5 -51.53 .00 24.59 .3

|- 3500.00 - 3500.00 91%.001 1.3 -81.80 .00 23.39 o3

: 36060.00 3600.00 527.035 1.3 -80.79 00 - 21.81 .3
l 3700.00 3700.00 535,223 1.5 -57.23 : .00 . 22.0B »3
! 3800.00 3800.00 S43.446 1.3 -24.99 .00 60.2 1.0

: 3200.00 3700.00 551,667 1.9 -101.07 .00 ©43.41 1.0
, 4000.09 4000.00 35%.892 1.9 -18.48 .00 68.62 1.0
! ' 4100.00 4100.00 3468.114 1.5 -33.14 .00 43.45 1.0
P 4200.09 4200.00 376.337 1.3 ~33.79 .00 40.12 1.0
i 4300.00 4300.00 084.360 1.5  -35.72 . .00 - 60.87 1.0
1' 4400.00 4400.00 392.783 1.9 ~23.44 .00 ~38.13 1.0

- 4500.00 4500.00 801.006 1.5 -=23.67 - 00 ‘ 71.533 . 1.0

5 4600.00 4600.00 $08.573 1.5 ~20.43 ' «00 46.27 1.0
! l 4700.00 4700.00 - 613,322 1.5 ~30.91 .00 3.7 1.0
{ : 4800.00 4800.00 616.303 1.5 -48.38 .00 16.05 2.0
o 4900.00 4%00.00 621.323 1.5 -49.59 .00 22.06 1.0

e 5000.00 3000.00 628.740 2.0 -22.72 .00 34.54 1.0
, ' 3100.60 5100.00 636.100 1.0 ~23.48 .00 36.40 1.0
b 3200.00 9200.00 643.460 1.5 ~32.26 .00 39.33 1.0
{ * 3300.00 5300.00 650.820 1.5 -19.67 .00 51.26 1.0
' 5400.00 9400.00 658.053 - 1.9 -36.97 .00 .66 1.0
o 53500.00 5500.60 664.062 1.5 -40.33 00 36.84 1.0
' S5660.00 3600.00 668.717 1.5 ~30.44 »00 o 29.40 1.0
l 3700.00 5700.00 673.117 1.9 -95.23 .00 29.28 1.0
L - 3800.00 5800.00 677.317 1.5 ~-42.31 .00 . 15.866 2.0
? 3900.00 9%00.00 681.917 1.3 42,03 .00 - 18.56 2.0
I $000.00 6000.00 686.344 1.5 ~32.91 00 . 15.68 2.0
6100.00 6100.00 692.091 1.5 ~-39.%4 ‘ .00 20.17 2.0

: 6200.00 6200.00 697.841 1.3 ~44.14 .00 20.42 2.0

- 6300.00 6300.00 708.302 1.5 ~-84.39 .00 29.7% 1.5

l ___6400.00  4400.00 716,764 1.5 -87.83 .00 26,35 1.5
S 6500.00 6500.00 723.225 1.9 -94.28 .00 22.91 2.0
64600.00 6600.00 733.687 1.5 ~37 .51 .00 20,26 2.0




FESFREFIRRRRRESRRIFIkdr: S L O P E STARE D AT A Srsdrkrersexkixsbrms ek

l
II BASELINE  CEMTERLINE PROFILE ==== LEFT ~=~-- CENTERLINE ==== RIGHT -~--
: STATION STATION  GRADE ELEV SLOPE CATCH PT OFFSET CATCH PT SLOPE
' 6700.00 6700.09 742.148 1.5 ~-33.47 00 21.94 2.0
6800.00 6800.00 750.593 1.5 -28.93 .00 23.32 1.0
6700.00 §900.00 738.857 1.5 -29.79 .00 256.46 1.0
l 70090.00 7000.00 756.904 2.0 -21.82 .00 33.33 1.0
= 7100.00 7100.00 774,903 1.5 ~27.75 .09 39.48 1.0
7200.00 7200.00 782.904 -3 -60.32 - 00 23.70 »J
. _ 7300.00 7300.00 7%20.904 .3 ~38.37 i .00 29.78 o3
. 7400.00 7400.00 778,751 .3 -58.37 ' .00 30.51 o3
| 7500.00 7300.00 804.81 1.3 ~07.51 »00 32.00 1.0
' 7600.00 7600.00 808.993 1.5 -47.07 .00 18.6% 2,0
| 7700.00 7700.00 B12.5664 1.5 -41.79 .00 179.23 .9
| : 7800.00 7800.00 816.331 1.5 ~28.49 .00 168.58 .3
| l - 7700.00 7900.00 819.998 1.3 ~37.02 .00 160.8%9 .5
8000.00 8090.00 823.807 1.5 -22.40 .00 30.49 1.0
: 8100.00 1 B8100.00 829.344 1.5 -=86.06 W00 30.41 1.0
8200.00 8209.00 8346.904 1.5 -63.90 .00 272.11 1.5
' 8300.00 8300.00 844.904 1.5 -22.57 00 - 16.83 2.0
; 8400.00 8400.00 852.904 1.5 =-160.569 .00 33.33 87
' £500.00 8300.00  840.904 1.0 -184.00 .00 38.89 .3
. 8400.00 8500.00 86B.%15 1.9 ~-26.99 ' 00 40.38 1.0
' 8700.00 8700.00 877.060 1.5 -29.83 .00 - 20.91 2.0
f 8800.00 8800.00 £85.361 1.5 -34.24 .00 . 16.67 2.0

!
|
i




BOYLE

ALTERMATE

ENGINEERIMNG

- HORIZONTAL

GEMWAL COAL CORP. MINE ACCESS ROAD ALT NO. 3; CRANDALL CANYON

FRREFERXREFHREFRRRERR %% %% FHORTZONTAL GEOME TRY R HFXHHHHH KK F A KRR A X R I X R R KR KK

107370.5%920

107173.46400

107173.4103

DEGREE= 67-14-32.4

107130.6757

107104,3333

106907.1487

1065687.9077

DEGREE= 21-11-14.8

1046748.8307
106529.6099

10452%7.6099

106251.1200

- DEGREE= 12- 2-35.9

- 20 101200.4121
P 27 101195.4702
cc 28 101280.56414
Pl 101194.2820
PT 27 101230.76690
PC 37 101503.8449
cc 38 101345.5671
PI 101723.1059
PT 39 101554.8081
PC 47 101564.8031
€C 48 101950.5141
PI - 101477.0002
PT 4% 101474.8270
PC 57 1014468.5839
cc o8 29880.3135

DEGREE=

P 1014567.1351
PT 5% 1014353.1578
PC 61 101414.5257

62 105644.2237

106407.9957

106258.0124

105827,1380
105850.1511
3-36-235.4

105727.148%
1054628.1301

105354.4578

104737.4025

RAD= "

L

14

TAN=

RAD=

TN

u

RAD=

TAN=

RAD=

TAN=

RAD=

1010.0909

1203.0909
83.2007
82.8023

45.0000
1287.8932

1624.7385
270.4150
A24.7683

270.4150
204%.5070

204%.5070
473.7370

290.4125

150.0000

2340.1195

2771.0392
1588.4371
199.7344

100.0000
2970.7756

3247.1612

4271.6792

AL IGHN M'E NT

§ 88-29-13.0 U

0~ 0- OR
S 88-29-13.0 U
55-40-58.0 R

EXT= 11.1534

N 35-49-47.0 U
0- 0~ 0L
# 35-49-4%.0 U
0- 0- O L
M 35-49-4%2.0 U
90- 0~ .0 L

EXT= 112.0100

§ 54-10-11.0 U
igo- ¢- .0 L
N 54-10-11.0 E

180~ 0- .0 R
S 54-10-11.0 U
35" O" AS R

EXT= 23.0873
S 89-10-11.6 U

0- 0- 0L
S g9-10-11.6 ¥

0- 0- 0L
s g9-10-11.6 U
7-12-16.6 L

EXT=  3.1445
§ 81-57-55.0 U

0" 0" .6 L
S 81-57-34.4 U




P1 . 101372.5945  105057.4026  TAN= 300.0000 EXT= 10,5215
A § 90- 0~ .0 U

PT 63 101372.5945  104757.4024 3846.1775 0- 0- .0 L
S 90~ 0- .0 U

l ' DEGREE= 1-20-28.7 L= 599.0165

PpC 71 101372.5945 104677.40563 3926.1737 - 0- 0L~
: ' § 90-0- 00U
: ,l £cc 72 100267.7515 104677.40865 RAD= 1104.8430 25-29-5%.8 L

_ DEGREE= 5-11- 9.2 L= 471.7194
"]|I PI 1013725945  104427.4065  TAN= 250.0000 EXT= 27.9315
- S 64-30- .2 U
}l PT 73 101258.9659  104201.7601 4417.8932  0- 0- .OR
| - § 84-30- .2 ¥
| l P 81 100498.6569  102395.1545 5197.8967 0~ 0- .0 R
| 5 44-30- .2 U
CC B2 101385.8515  102171.9804  RAD= 982,9591  23- 0- 5.9 R
| ' DEGREE= 5-49-44.1 L= 394.6133
l' P 100412.5538 1024146374  TAN= 200.0000 EXT= 20.1404
T’ o S § 87-30- 8.1 U
. PT 83 100403.8368  102214.8275 £592.5100  0- 0~ .0 L
| | $ 87-30- 6.1 Y
| |
PC 91 100385.5445  101795.5829 7012.1535 0~ 0-

.0 R
| . § 87-30- 6.1 U
@ oo ez 99859.07%0  101818.5533  RAD= 526.9664  25-39-25.6 L
| ' DEGREE= 10-52-21.9 L= 235.9760

o oot 1016756969  TAN= 120.0000 EXT= 13,4903

i f. o : § 61-50-49.5 U
- PT 93 100323.6899 101569.8954 7248.1295 0- 0- JLOR
& . S 41-50-40.5 U

' i' PC 101 100173.4523  101289.1939 75656.4995 0- 0- .OR
i ‘ S 61-50-40.5 Y
. CC 102 100341.7262  101199.1450  RAD= 190.8466  44-49-56.8 R

DEGREE= 30~ 1-18.8 . L= 149.3324
’ Pl 100136.3150 101219.7898 TAN=  78.7245 CEXT= 15.5994
N 73-19-22.7 U

PT 103 100158.9071 101144.3766 7715.831% 180~ 0- .0 L




. 4 ,
R NS - N N N S N oA N N T e

PC

ct

PI

PT

PC

Pl

PT

PC

CC

FI

PT

PC

ce

P1

PT

111

112

131

132

133

141

142

143

135

- 99943.38%5

109208.0041

100158.9071 101144.3766
101079.8124
DEGREE= 25-28~ 1.1

100183.3100 1010562.7188

1001472.7330 100985.6343

100018.0490  100704.1518
100416.56516

DEGREE= 27-23-43.46

99945.7512  100590.4179
100040.9781  100490.7835
100040.9781  100490,7885

99951.0520  100423.0243

DEGREE= 50-53- 4.3
100084.1142  100430,8908
100048.2370  100365.1582
100048.2370  100345.1582
100375.0173  100174.9480

DEGREE= 15- 7-59.3

999%96.4057  100277.5780
99995.4057 100174.9480.

92996.4057

100074.5780 .

RAD=

TAH=

RAD=

TAN=

RAD=

TAN=

RAD=

TAN=

5 73-19-2

77153.8320

224.9803

162.5009

85.0349

7878.4328

8188,3933

209.1393

223.3340

125.0000

B413.7324

B413.7324

112.59%96

132.3258

73.0000
8346.0581

85446.0581
378.6116
200.4432

102.6300
87446.5014

8346.8714

2.7 E
180~ 0- .0 R
N 73-19-22.7 U
41-24-34.3 L
EXT= 15.5337
§ 65-16- 3.0 U
0- 0- .0 R
S 65-16- 3.0 W
0- 0- .0 R
S 65-16- 3.0 U
61-43-57.0 R
EXT= 34.5085
N 53- 0- .0 U
180~ 0- .0 R
§53- 0- LO0E
180- 0- .0 L
N 53- 0- .0 U
67-20- .0 L
EXT= 22.6915
§ 59-40- .0 U
16-17-49.5 R
$ 75-57-49.5 U
16-17-49.5 L
5 59-40- L0 U
30-20- .0 R
EXT= 13.6634
§ 90- 0- .0 U
0- 0~ 0L
S 90- 0- .0 Y




B& v L E

ENGINEERING - EARTHUORK

CALCULATIONS

GENNALL CO4L CORP. HINE ACCESS ROAD ALT. 3; CRAMDELL CAHYON

d3pkarsrasrERskExsaareasik YE R T IC AL

GRADE

-020000
.080070

078557

079994

.083196

.0844615

»083333

0366467

080000

.0833535

REGINNING OF CURVE
STATION FELEVATION

1200.00
2683.71
2883.71
3500.00
4533.70
4733.70
5358.70
2%783.79
6763.70
7363.70
7963.70

£563.70

349.39

453.09

4568.97

518.00

£03.48

614,25

655.14

683.92

745,54

795.67

822.33

866.00

GEOHRETR Y asrredrkrrbkkerilerrstetrny.

CURVE P.I.
STATION ELEVATION
1085.00  338.00
1300,00  342.30
2783.71 461.10
3083.71 434,70
3600.00  524.00
4533.70  612.00
4333.70 416,50
5453.70  642.50
6083.70  688.00
6863.70  754.00

748370 804.00
B063.7 825.00
8443.70  874.00

END OF CURVE

STATION

1409.00

2883.71

3283.71

3700.00

A733.7¢

4933.70

5358.70

4183.70

6963.70

7563.70

8153.7¢

8763.70

ELEVATION

350.31
468,97
500,70
534.32
614,25
523.86
£65.58
896,46
762.33
807.67
834.00

832,34

CURVE
LENGTH

200.00

200.00

.460.00

200.00

200.00

200.00

200.00

200.00

200.00

200.00

200.00

200.00




BASELINE
STATION

1200.00
1250.0%
1300.00
1400.00
1500.00
1600.00
1700.00
1800.09
1900.00
2000.00
2100.00
2200.00
2300.00
2490.00
25300.00
2350.00
2600.00
2700.00
2800.00
2700.00
2%30.00
3000.00
3100.060
3200.00
3300.900
C3400.00
3500.00
34980,00
3700.00
35800.00
3900.00
4000.090

__A100.00

4200.00
4390.00
4400.00
4500.00
4600.00
14700.00
4800.00
4900,00
5000.00
5100.00
5200.00
5300, 00
5400.00
5500.00
5600.00
5700.00
5800.00
5900. 00
6000.00
8100.00
6200.00
6309.00
6409.00
£500.00
6600.00

CENTERLINE
STATION

1200.00
1250.00
1300.00
1400.09
1500.00
1600.00
1700.00
1800.00
1200.09
2000.00
2100.00
2200.00
2300.00
2400.00
2500.00
2550.00
2506.00
2700.00
2800.0690
2900.090
2950.00
3000.00
3100.00
- 3200.00
3300.060
3400.60
3500.00
3600.00
3700.00
380G.69
3¢00.00
4000.00
L4100.90
4200.00
4300.00
43400.00
43900.00
4600.00
4700.00
4800.00
4900.00
5000.00
9100.00
5200.00
5300.00
5400.00
9500.00
3400.00
5700.00
5800.00
5700.00
6000.00
6100.00
6200.00
6300.60
6400.00
6500.00
6600.00

EE R P I LI DL R EEEEEE SRR EEE LS

EARTHUYORK

X-SECTIDN AREA

cur

240.1

100.4
.0

.0
15.4
54.7

141,90

R Y
L e B e SO R N0
SOOUT O WS W O
s W

2
17
337.3
195.4
176.9
7171
308.1
971.8

(3

v
0 e e Q)07 O NY N

459.3

325.1
593.9
543.5
1280.4
903.1
161.0
.0
172.0
247.6
438.6
226.3
643.6
425.5
448.5
79.0
49.0
2.9
.0
18.9
-0

.0

.0

.0

.0

.0

FILL

-378.3
~216.6

-86.2
~122.2

-20.0
-266.7
-391.9

~63.3

~343.0

-2356.0
6.8
.0
~75.8
~.0
~104.5
-32.7
-83.4
-366.8
-243.7
-370.3
-107.9
-231.6
-302.4
-863.1
-873.5
-621.8
-210.7

VDL UNES #r#rsxessiRiredsrtirbirdpii

INCREHTAL VIL

cut

FILL

Y
~351
-280
-386
-243
-331

-1220
~724

0

0

-73
-%45
-1304
-1362
-1819
-838
-841
-428
-235
-191
~77
-11é
-348
~925
~939
-617
-20i4
-2128

~957

-1923

~2640

0
-118
-938

1257
~450

-13
140
~140
~197
-295
-252
~633

-1130

~1137
~886
-429
~989

2159

3216

~274%

1542

ACCUNULATED VOL HASS
cuT FILL HAUL

0 0 0

0 ~633 ~633

8 ~-936 ~248

25 =1400 1373

25 =-1702 -14677

23 =23313 -2238

23 -3713 ~34%0
271 =4330 42359
709 ~4350 -3841
1307 -4550 -3243
1879 -4534 -2734 -
2007 -5744 ~3735
2193 ~7244 -3039
2379 -7040 -8661
2379 -11132 -8733
2393 ~12073 -9702
2458 - -12832 -10374
2821 -13325 -10504°
325 -13597 -10335
3472 13770 -100%38
3969 -13837 -%3%91
4580 - -13992 -9413
5524 -14392 -68469
5635 ~15457 -9322
8135 -16537 ~10401
69414 -17246 -10303
8270 ~19563 -11293
7628 =22010 -12382
10320 -23122 -12302
11977 ~-23334 ~13355
13677 =28370  -14493
16248 -29714 -13448
18898 -29720  -10822
20330 ~29734 ~7435
22237 -29330 -7612
24529 ~-29833 -3324
27906 -29833 1944
319254 -29833 - 2101
33923 ~29988 3740
34224 -31045 3180
34545 -32512 2032
35322 ~33029% 2292
36593 ~33043 3549
37824 -33205 4518
37435 -333467 6048
41415 -335%4 7821
43033 ~33933 §100
44010 ~34223 9787
44247 ~-35182 9065
44356 -35482 7874
44374 -37739 8585
44409 -32303 3602
A4444 =39531 4913
444434 ~40549 3776
45444 ~-43151% 1293
44444 ~46330 -2403
44444 -53034 ~-u39¢Q
44444 -91307 ~7353




FhkrFFsRaEpRER R bbkrrkxy E A RTHMWOREK VOLUHES $sisporerkbbkeichrkrsseiiiks
FASELINE  CENTERLINE X~SECTION AREA INCRENTAL VoL ACCUMULATED vOL HASS
STATION - STATION cut FILL cuT FILL cut FILL HAUL
6700.09 6700.00 L0 -214.5 0 -787 44444 ~52713  -£268
4800.00 4890,00 78.2  -54.3 145 -498 44589 ~53283 -8494
6900.00 6900.00 119.2  -34.8 364 -145 44955 -53475 -8520
7000.00 7000.00 264.2 -0 710 -&4 A5445 -53549 -7884
7100.00. 7100.00 326.1  -13.5 1093 -25 A6753 -53578 -6820
7200.060 7200.00 263.3 -588.2 1091 -1114 47849 -54859  -7010
7300.00 7300.60 626.6 -556.6 1448 ~-2120 49497 ~57297 -7800
7400.00 7400.00 439.6 ~557.5 2345 -2043 51842 ~59570 -7827
7500.00 7500.00 211.5 -590.7 1576 -212% 53318 -62115 -8694
7600.00 7600.00 .0 -511.5 392 -2041 53810 ~84442 -10452
7700.00 7700.00 3204.1 -422.1 5937  ~1729 59747 -446450 -6703
7800.00 7800.00 1912.9 -297.3 9430  -1332 49227 -§7982 1245
7900.00 7900.00 1471.3 -785.8 6267  -2004 75494 -7G289 - 5205
8000.00 §000.00 151.9  ~13.3 3006 ~1480 78300 -71991 6510
8100.00 8100.00 106.5 -2%6.4 479 -573 78979 -72450 6329
8200,00 8200.00 L0 -425.8 197 ~1707- 79176 -74613 4542
£300.00 8300.00 O -123.5 0 -1387 79174  =7620% 2947
£400.00 2400.00 2488.1 -.0 4408 -229 83783 ~76472 7312
8500.00 8500.00 4813.9 -.0 13522 0 97304 ~74472 20834
8690,00 8600.00 - 783.0 -0 10385 0 1072470 -76472 31199
8700.00  8700.00 .0 -283.4 1430 ~534 109120 -77036 7 32034
8800, 00 8200.00 00 -271.8 0 -1037 109120  -73278 30842




sopekpadkdrrErExesssasx S L O P E STAVYE DATA sepsmikedrsrilrrerdytatr

|
| l BASELINE  CENTERLIME PROFILE -~—— LEFT ~---- CENTERLINE ~ —--= RIGHT ----
STATION STATION  GRADE ELEY SLOPE CATCH PT OFFSET  CATCH PT  SLOPE
| -
1 l 1200.00 1200.00 340.300 1.5 ~27.84 .00 27.30 1.5
1250.00 1250.00 341.475 2.0 -21,95 .00 25.38 1.5
1300.00 1300.00 343.802 1.5 -19,54 .00 24.78 1.5
l 1400.00 1200.00 350.307 1.5 -27.23 .00 17.22 2.0
' 1500.00 1500.00 358.314 2.0 -15.01 00 17.26 2.0
1600.00 1600.00 366.321 2,0 ~22,70 .00 24,02 1.5
l 1700.00 1709.00 374.328 1.5 -25.88 00 30.78 1.5
, 1800.00 1800.00 332.335 1.5 ~25.45 .00 ©21.65 1.5
- 1900.00 1900.00 390.342 1.5  -22.44 .00 22,41 1.5
’ l 2000.00 2000.00 398.34% 1.5 -24.41 .00 . 26.82 1.0
| 2100.00 2100.00 405.356 2.0 -24.48 .00 26.56 1.0 -
o 2200.00 2200.00 413,353 1.5 -38.99 .00 18.48 2.0
N 2300.00 2300.00 422.370 1.5 -36.59 00 32,83 1.0
' 2400.00 2400.00 430.377 1.5 ~41.53 .00 21.12 . 2.0
o 2500.00 2500.00 438.333 1.5 -44.,87 + 090 17,52 2.0
g 2550.00 2550.00 442,387 1.5 -70.97 .00 27.03 1.0
l 2600.00 2600.00 444.290 1.5 -29.22 .00 27,23 1.0
B 2700.00 2700.00 454,395 1.5 -25.43 .00 34.82 1.0
o 2800.00 2800.09 442,357 1.5 -24.90 .00 28.12 1.0
| l 2900.00 2900.00 470.249 1.5 -24 .84 .00 28.20 1.0
X 2950.00 2950.09 474.189 1.5 -27.33 .00 S 3549 1.0
3000.00 3000.00 478.137 1.5 -30.94 .00 83.49 1.0
3100.00 3100.09 435,059 1.5 -28.07 .00 26.17 1.0
§ l 3200.00 3200.00 494.014 1.5 -48.94 .00 25.16 1.5
; 3300.00 3300.00 502.602 1.5 ~31.44 .00 34,81 .3
B 3400.00 3400.00 510.001 1.5 -49.49 .00 24.97 .3
[ l 3500.00 3500.00 518,001 1.5 -81.08 .00 25.57 .3
. 3500.00 3600.00 526.080 1.5 -76.93 .00 22,09 .3
3700.00 3700.00 534.320 1.5 -55.58 .00 22,34 .3
} l 3800.00 2800.00 542,639 1.5 -94.45 .00 61.81 1.0
B 3900.00 1900.00 550,959 1.5 -100.58 .00 47,83 1.0
4000.00 4000.00 559.279 1.5 -18.94 .00 70,05 1.0
. 4100.00 4100.00 567.598 2.0 ~24.75 »00- 44,33 1.0
4200.00 4200.00  573.918 1.5 -31.85 .00 41.04 1.0
; 4300.00 4300.00 584.237 1.5 ~32,21 .00 81.48 1.0
N 4400.00 4400.00 - 592,557 1.5 -23.66 .00 38.43 1.0
l 4500.00 4500.00 400.877 1.5 ~23.79 .00 71.98 1.0
s 4800.00  4600.00 4608.529 1.5 - -20.47 .00 64.23 1.0
i 4700.00 4700.00 613.319 1.5 -30.90 .00 31,75 1.0
% l 4800.00 4809.00 616.303 1.5 -48.33 .00 16.03 2.0
- 4900.00 4900.00 621.525 1.5 -49.59 .00 29.06 1.0
' 5000.00 5000.00 628.740 2.0 ~22.72 .00 34.54 1.0
| I _5100.00  5100.00  635.100 1.0 -23.48 .00 35,40 1.0
i 5200.00 5200.00 643,469 1.5 -32.25 .00 39.33 1.0
’ 5300.00 5300.00 650.820 1.5 -19.67 .00 51.26 1.0
: . 5400.00 5400.00 658.040 1.5 -36.94 .00 55,49 1.0
N 5500.00 5500.00 663.902 1.5 -39.78 .00 572.11 1.0 -
: 5600.00 5600.00 568,265 1.5 -29,03 .00 30,23 1.0
1 5700.00 5700.00 672.345 1.5 -53.37 .00 31.28 1.0
l 5800.00 5800.00 676,423 1.5 -38.58 .00 25.63 1.0
| 5900.00 5900.00 680,505 1.5 -39.13 .00 16.94 2.0
6000.00- 6000.00 684.614 1.5 -28.35 .00 24.52 1.5
l 6100.00 6100.00 690,147 1.5 -36.25 .00 17.43 2.0
8200.00 6200.00 697.841 1.5 -40.39 .00 17.63 2.0
£300.00 6300.00 706.302 1.5 -82.48 .00 27.43 1.5
l 6400.00 6400.00 714.764 1.5 -86.11 .00 24,21 1.5
; 6500.00 6500.00 723.225 1.5 -50.93 .00 20,51 2.0
g 6600.00 6600.00 731.697 1.5 -31.28 .00 17.53 2.0




S FLETTESTETELEEEF D DL LT LS S 1 I o STAKE P AT A #Exsrdrsvkrrkiskkpibmrebis
BASELIHE  CENTERLINE PROFILE —=-~ LEFT -—=-- CEMTERLINE ==== RIGHY -~--
| STATION STATION  GNADE ELEV SLOFE CATCH FT OFFSET LATCH PT SLOPE
! 6700.00 6700.00 750.148 1.3 -29.70 »00 18.92 2.0
; 600,00 6800.00 743.4606 1.9 ~25.24 .00 23.90 1.0
: 6700.00 © 6900.00 757.012 1.5 -24.53 »00 22,07 1.0
7000.60 7000.00 765.358 1.5 -18.24 »00 35.90 1,0
; 7100.00 7100.00 773.692 1.9 -23.09 00 .26 1.0
| 7280.00 7200.00 782.025 .3 -66.21 .00 47.94 1.0
7300.00 7300.00 790.358 «3 -38.41 .00 83.24 1,0
; 7400.00 7400.00 798.538 .3 - ~58.30 .00 78,20 1.0
f 7590.090 7500.00 804.858 1.5 -5%.43 00 32.12 1.0
76%0.00 25600.00 808.998 1.5 -47.07 .00 18.69 2.0
X 7700.00 7700.00 812.654 1.5 ~41.7% - .00 17%.23 .5
| 7800.00 7800.00 B16.331 1.5 ~28.4% .00 - 168,53 . .5
! 7700.00 7200.09 819.998 1.5 -37.02 .00 160.6% .5
8000.00 B000.00 823.807 1.5 ~22.60 .00 30.49 1.0
8i6G0.00 8100.00 829.344 1.5 -46.06 .00 30.41 1.0
8200.00 8200.990 £36.904 1.5 ~53.%0 .00 27.11 1.5
B300.00 8300.00 844.904 1.5 -22.57 .00 16.85 2.0
! 8400.060 8400.00 852.904 1.5 ~140.69 .00 33.33 -3
5 8500.00 8500.00 8460.904 1.0 -184.00 .00 38.89 »sd
8600.00 8500.09 848.915 1.0 -26.99 .00 40.53 1.0
8700.00 B700.00 B77.040 1.5 -29.83 .00 20,91 2.0
£800.00 8300.00 - 883,351 1.5 ~36.24 .00 16.47 2.0

————

!
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GENWAL HUNTINGTON CREEK BRIDGE FOUNDATION REPORT

I.  PURPOSE AND SCOPE

The purpose of this report ié to present the results of investigations to
determine criteria for foundation design for a 60-foot pre-stressed concrete bridge
across Huntington Creek approximately 11 miles above the Huntington Canycn Power
Plant, just off Utah Highway 31. The bridge wi}] accommodate heavy truck loading
for the Genwal coal mine to be located approximately 1 mile up Crandall Canyon from

the proposed bridge.

II. INVESTIGATION APPROACH

A CME-55 drill rig, utilizing an 8" hollow stem auger was used to drill one
hole at each abutment location at the bridge site. Blow counts and penetration
samples were taken using a 340-1b hammer with 30" free fall and a split spoon
California sampler device. Drilling was accomplished February 5-6, respectively
for borings #1 & 2. Laboratory testing of samples was then accomplished to determine
classification, density, moisture, and other criteria to be used for bearing and
settlement considerations. Prior to drilling, the site was inspected by a sciis
enginéerAand geologist, and available hydrology reports were reviewed along with

aerial photography and other published geologic data for the specific bridge location.

III. GEOLOGY
Rocks exposed in the area of the proposed bridge'crossing of Huntington Creek

are assigned to two units: the Mancos Shale and the overlying Star Point Sandstone.




I“
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The Mancos Shale is exposed in the immediate vicinity of the confluence of
Huntington Creek and Crandall Creek as well as along the entire length of Huntington
Canyon. Strata at the proposed bridge crossing belong to the Masuk Member of the
lancos Shale and consist of medium gray, slope-farming, mudstone and siltstone with
subordinate silty sandstone. The Mancos Sha]e‘is generally non-resistant and
weathers to form moderaté slopes which are usually covered by a coliuvial veneer of
sandstone boulders and cobbles derived from the overlying Star Point sandstone.

The Huntington Creek channel is filled with alluvial material derived from upstream
outcrops of sandstones and siltstones.

Approximately 40 feet above the level of Huntington Creek, the Mancos Shale
passes into the Star Point Sandstone across a sharp, but conformable, contact.

This contact is expressed as change from the even slopes Mancos to the alternating
benches, cliffs, and ledges of the Star Point. The Star Point sandstone consists of
a series of ré]ative]y thick (40-80 feet) cliff-forming sandstone units separated

by thinner partings of slope-forming shale and very fine-grained sandstone with an
aggregate thickness of over 450 feet. The Star Point Sandstone has been divided
into three prominent tongues of which only the lowermost Panther Tongue (fig. 1)

is exposed near the proposed bridge crossing. Tﬁis sandstone consists of buff to
tan colored, medium and fine-grained sandstone which is dominantly massive to thick-
bedded. |

A1l strata exposed in the vicinity of the proposed bridge crossing strike in
a roughly east-west direction and dip very gently (2-50) to the north and northwest.
Both the Mancos Shale and the Panther Tongue of the Star Point Sandstone appear
to be massive units lacking any well developed fracture of joint systems. We rave
observed fractures in the Panther Tongue at certa1n 1soTated outcroos but these
are not pervasive, lack any systematic orientation, and are probably a weather1ng.

phenomena not related to any internal properties of the rock.
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IV. DESIGN CONSIDERATIONS

In conversations with Boyle Engineering Corp. structural design engineers,

the following items were discussed:

A.  Abutment loading was estimated to be 300 kips for each abutment. Anti-
cipated width of the footing is approximately 9 feet.

B. Scour depth information was unavailable for the specific bridge lccation,
however a review of boring logs and AASHTO specifications dictated a minimum

of bottom of footing at least 4 foot below the deepest point in the stream.

C. Wing walls and back walls are to be designed with 14 feet of fill compacted

on the outer edge and 7 feet of sloping fill and riprap on the water side.

V. CONSTRUCTION CONSIDERATIONS

In considering practical methods of construction, it was generally agreed that

piling should be avoided if possible since high mobilization costs and possible j
boulder encounters during driving would render piling usage both uneconcmical and ’

impractical. Spread footings may be used, but must be placed at a depth wherein

the botton of the footing is at least 4 feet below the permanent stream bed. There- §
1

fore, during construction, some water can be expected in the footing excavations |

from the existing water table which was 5 feet below grade at the date of boring.

i

1f water is encountered it may be displaced using lean concrete to provide a working §
i

|

surface for the foundat1on.

The entire area around the abutment should be cleared and grubbed and fill I

materials must be used which are free of organic material. Fill should be compacted

in 6" 1ifts to 95% maximum density as designated in AASHTO T-180. Both sides of &

the back wall should be filled simultaneously. ’ .
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VII.

VI.

DESIGN RECOMMENDATIONS

The following design criteria shall be used for footing and backwall design:
A. Allowable bearing pressure. Allowable bearing pressures are presented
in figure 2 and are dependent on the depth and width of footing. These allow-
able bearing pressures provide for a factor of safety of 2 against bearing
failure while Timiting total settlement to 1" or less. MNote that depth of
footing has a much greater influence on allowable bearing than does width of
footing. The designer is cautioned not to exceed valuesﬁshown on figure 2.
B.  Backwall design. For backwall design the following parameters shall be
used: cohesion (c=0), angle of internal friction (5=30°), dry density (yd=
110.0 p.c.f.).

C. Frost depth = 5 feet below grade minimum.

D. Scour = 4 feet'depth. Bottom of footings must be at this elevation or
Tower.

E. Water table varies with season and control of upstream dams - high water

table above bottom of footing should be anticipated.

CLOSURE

Soil conditions may vary greatly for areas in the vicinity of the propased

bridge, however we believe the preceding discussion and recommendations to be valid

for the present proposed location.

During construction, if soil conditions are found to be radically different

from those addressed in this report, R&M Consultants, Inc. should be contacted

immediately.
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APPENDIX A
Bore Logs
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"BORING NUMBER 1 Date Completed:2-5-81 LOCATION SKETCH No Scale
’- 53 . .
" alwg SOIL DESCRIPTION
o | O &
= 0] .
J(D -~ - . “a
Y @ A SILTY SAND -’Fbrd_x’
S Trace boulders 0-1.5"' -
pise] ——— e — HTACEDOUIGELS S 2 - — - "~ UTAH 31
“P‘:é
5.9
ol lwA . B.
5;7_‘{'2]1—"—"——"'—“"_—"——”5 Huntingtdn
i'_.-:,’-_: @ Sh, 8, SH Creek

Note: Distances Shown Are Approximate And Have

o Lkl D Not Been Measured by Surveying Mathods.
‘;yEéB Sh, 8, SM-SW
SR EXPLANATION
wx CRGANIC MATERIAL
At L0
o.0
.9.3?5252@ Sh, 19, 20.2%, 99.9pcf, GM-GH %5
576 [ Z a8,
O
0.0
GRAVELLY SAND o SAMPLE NUMBER
. [=4
Dark brown,moist,very dense a‘_’Y Ss.72,871%.85.9PCf.ML
Sh, 10, 50/5" ool unisied
__________________ . S o
Boulder, .5' diameter 253 Classification

.
e e et AT S e S e e e e e mme e e e o e b

:
o
(8]

~P.:0,:0-:70°70: 00,5 00
@: N .,‘-: O

Dry Density
water Content
Blows /Foot

o
290
o

28, SM :‘.’Vo‘f’- - Sampler Type
SAND, CLEAN TO SILTY, _‘?jqo —— W.D. Water Table
GRAVELLY 2 —_—— e — — ——
Dark brown, slightly moist, [ Approx. Strata Change
very dense :\_z BEDROCK
36, 50/2"
=
W.D ~While Drilling
TYPICAL SOIL LOG | A B~ After Boring
- " Ss 1.4" Split Spoon With 140 1b. Hammer(30"F, 5, )
53, 50/3 33 1,4"3‘5.“ Spoon Wwith 340 1b. Hammer (12" 'F.'F.‘
' Sh 25 “Split Spoon With 340 Ib. Hammer (20" F.F.)
: B Sp %5 Splist Sp?on, Pushed
TOTTSTLTSTORE T T T T A, yger Samowe
. (9) Dark gray to black, bioturbated 11:% SMSC‘,%ELU%%G,W Tube .
- . Bs__Bulk Sample ,
fotal Depth 40 SAMPLE TYPE SYMBOLS]
; Qrganic SIS
Mrgteria! Gravel
- Cobbies &
Emay (A Boulders
v/ /] siit By Bedrock
5| Sand
SOIL SYMBOLS]
X J
“'-?\CL D}u?"{ v [ = )
o l Genwal Coal GRID.
- e AaM CONSULTANTS, INC, C
.\_, _ _ UNDINERNS.  ONOLIIETE  SLAMMNEAS -&-v-vcn. East Brv]dge Abutment ) ‘PROLNG ]6"005
2SOl LOG
i NONE D L - - ) \ . LDWG.NQ A_] J




BORING NUMBER 2 Date Completed: 2.5-.3] LOCATION SKETCH i
B T |
22 ’
_dsg SOIL DESCRIPTION :
o N Jpeendy ] ()m . i
o loslaof - :
10 B! ? - i
X y[(D A, Sandy_gravel. Brown.dcyv. Boulders. ord-*
| at 0 3
.°..'/:°. A.B. ;
S I
| nEd
W@ Sh,26,SM _
i Huntington
l—-'-."'a"-j Creek :
W.D Note: Distances Shown Afe Approximate And Have |
O-?:-"/"- v Not Been Measured by Surveying Methods. ;
".-;QZ@'_SLQ_ZLGFL-C:N ____________ |
" Boulder 1.5 diameter _ . _ __ || EXPLANATION
ar CRGANIC MATERIAL
0%
Sh,46,16.9%,110.3pcf,SH oS5 ‘
oo [T A B.
-t
90
'.'_'q','-g SAMPLE NUMBER
[« ge] o
A Ss 72.57.1%.85.9pCf. ML
. Xy X .
;, Sh,22,GM ooo L-—Uniéiac!i
IR o0l | o o e e e e - = o o o]
“ GRAVELLY SAND. Trace boulders. | [Tel Classification
_ _Brown, very moist, medium dense. _ . %52 Dry Density
1 2720 water Content
J Sh, 35, SM-SH R L siows/Foot
2995 o ampler Type
o0 L7 w.D. Water Table
.y —— e e e 520 . _
. Boulder. 4.5' diameter @ Approx. Strata Change
N\
] BEDRGCK
. Sh,50/1",Refusal —
___________________ —
- _ , . w.D ~While Driiling
SANDY GRAVEL TYPICAL SOIL LOG | A.B.- After Boring
Ss 1.4° Split Spoon With 140 b, Hammer 30" E.F,
: Sh,100+,Refusal . _ 23 1.4”3plit Spoon With 340 1b. Hammer}??"ﬁﬁz
~ Boulder. 1.5' diameter. Sh 25"Split Spoon With 340 1b. Hammer (30" F.R)
___________________ Sp 2.57Split Socon, Pushed
R A L AT | B i
R Dark qray, bioturbated ™ Modi%'ied Shelby Tube
- Bs Bulk Sample
Total depth 40" SAMPLE TYPE SYMBOLS]
ota ep . QOrganic #LXE
Y . Me?terial Gravel
- Cobbles &
Emay K Booiiers
, silt i) Bedrock
3 i Sand ‘
SOIL SYMBOLS] ,
'fn RIS _ ( (€5 ’
dioxe  RCL nSM CONSULTANTS, INC. Genwal Coal e
LaTE. 2-18-81 KNOINAERS  DEOLOGISTE  FLANNEAE  RUAVEVORS West Bridge Abutment prouna 161005
'ma NONE

SO”_ LOG . L J loweme A2

oy

t

H
é o




APPENDIX B
Test Results
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PERCENT PAISING

PIRCENT PASSING

Lelia

l HYDAQMETSH ANALYES | SICVE ANALYSIS
25 MA. T P TIME READINGS F O X STAREARY S1EVE NumBexY [ U 3 STANGIAD St{v{up{ﬁmog
4D MIN. 13 HIN. S0 MM ML IR EMIN 200 %100 Pag DacPNg Mg bcha] o %1 3" |',» 56" 3
100 { = T T— o
i L —— 1
1 ————
s i e 5 10
3 ¥
0 T T o L
Z " I T T
Z T
70 A - . + 30
Z. A Y
- - : :
$0 4 - : ; 40
L 1 R
7 T b
L X L
50 "~ T N %0
ra e - :
# . . +
40 T L ()
- 7 -
30 + 70
20 T : :r 80
L it -
I
10 : t - %0
— + * e
0 1T LI - T L 20 i e 4 0 o " ) a— AN 1 0+ U b SIS A 5 ) B @ WA 100
20t 002 003y .00 O Q37, Q74 a3 29 alz”o LI 1238 478 332 193 B9 78.2 oa‘u.ao
i . CIAMETZN OF PARTICLZ IN MILLIMETEMS ]
" SEVN T feR: S\ A4 T
SILT oA clav =t T4 T VY. £ -4 ¢ ST S ST Y. § T L) LAt
GRAVEL 9.0% SAND 53.0% SILT aND cLAY 38.0 %9,
LIQUID LIMIT % PLASTICITY [NDEX %
sawrie orSand, silty, gravelly rmow Test Hole 1-2 @ 5.0'-6.5"
| _HYCROMETER ANALYSIS. ] SIEVE ANALYSIS. R
23 MR. 7 MR TIME READINGS T U S STANDARD SIEVE NUMAEAS I U5 STANDARD stv: OPENINGS ]
s M4 S MW, EOMN 13N AMIN_ T MIN. %200 %100 %10 240®30 %5 %o »e w4 Yoo il 3" et s‘_)
! T T T \
T + 7 .
S 18 7 t
90 L < e 3 e}
1 Z i
} : rs +
1 + L Y
80 + T +— T 20
t T 2 T
70 L - — 30
) 8 I .
- ~
i |l
&0 + r ——— 0
Jr v e -
3 p—— T
50 — .’ } 30
1 el v n
t—r + T
40 o - 180
ra t +
30 & - $ 70
ra B g i
I[ I : 4
20 - v - - F 1]
e = T
.l I
10 T + 90
;
: ! :
Q T T b SO SR O R 0.5 5 I Tt TIT —tTTT 11 7 100
o0 002 003 00) IR o337 .G 4y 2 ’{111::“ (A Fzs.i 473 952 9.0 31 752 |7_‘ JH
IR X QF PART! ! 1 Lu;nr J
” T ; 18 VAN Te
31LY OF CLAY : AT T MEOIU M ] COAWEL LATT o 1 coAhg( ~{CCBALES
GRAVEL 42 .0% SAND 48.0 % SILT AND cLAY 10.0 9,
LiQuIDo LiMIT % PLASTICITY INDEX Yo

SAMPLE oF Sand, clean to silty, rrow Test Hole 1-3 2 10.0'-

gravelly 11.5%
GRADATION TEST RESULTS

Figurs.zil i

PERCENT METAINED

PERCENT RETAIRED
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I. INTRODUCTION

Presented in this report are the results of our analysis concerning the stability
of a 1i-mile all-weather Class I access road proposed by Genwal Coal Company, Inc.
near Huntington Canyon, Utah. This road, connecting to Utah Highway 10, would
provide access to the coal leases acquired by Genwal approximately 13 miles up
Crandall Canyon, a small canyon off Huntington Canyon.

This proposed access road would generally run along the Crandall Creek on its
north bank some 30-50 feet above the creek bed, and span over Huntington Creek with
a bridge crossing immediately before joining Utah Highway 10.

The configurations of the slope and roadway used for the stability analysis are
based on the alignment and cross sections prepared and furnished by Boyle Engineering
Corporation of Salt Lake City, Utah. Due to the limitation of time and budget,
only those cross sections considered as critical were analyzed.

Recommendations regarding the retaining structures for the roadbed and the

preparation of subgrade are also presented.

I1. SUBSURFACE CONDITIONS

Method of Investigation

The proposed access road is to be located along the north slope of Crandall
Canyon with varying steepness. Because of the rugged terrain along the selected
route of the road, it was not possible to bore holes for determining the subsurface
condi?ions. Instead, test pits were dug with a backhoe to expose the subsoil and

allow visual examination and soil sampling for laboratory testing.
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A total of 4 test pits were dug at locations where slope stability of the
proposed road appeared critical. Test Pit (TP) No. 1 was located approximately

12 feet left of ¢ Station 25+60, TP No. 2 at 25 feet left of § Station 47+75,

TP No. 3 at 45 feet left of Q_Station 71+00, TP No. 4 at 20 feet left of q_Station

81+45.

Subsurface Conditions

Generally, a layer of up to 15-ft thick alluvial overburden covers the ground
on the slope along the selected route of the road. Underlying this alluvial
overburden is the Star Point Sandstone, Blackhawk Formation (?), which frequently

outcrops in Crandall Creek and on top of the slope, north of the proposed road,

forming cliffs.

The Star Point Sandstone consists of cross-laminated, medium- to fine-grained

sandstone and siltstone. Generally, the upper cliff-forming Star Point Sandstone

is massive and resistant; while the lower Star Point Sandstone varies from massive
to thin-bedded and is mostly non-resistant. The rock is weathered to form platy
fissile plates toward its surface. A1l strata exposed along the selected route
strike roughly in an east-west direction and dip very gently (3-7°) to the north.

A more detailed geological description of the Star Point Sandstone is presented

in "Genwal Huntington Creek Bridge Foundation Report" dated February, 1981, prepared
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by R&M Consultants, Inc.

The alluvial overburden is the material weathered and decomposed from the
underlying and outcropping Star Pofnt Sandstone. It consists of silty sand with
gravels and boulders up to 3'ft in size. Scattered vegetation covers the area of

the proposed road with organic substances found in the top 1 ft of soil.
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Laboratory Testing

Selected soil samples obtained from the test pits were analyzed and tested in-
the laboratory. Eleven grain size distribution analyses and two moisture-density
compaction tests (modified Proctor) have been conducted. The results of these
tests are included in Appendix A.

The alluvial overburden material is, as indicated by the grain size distribution
results, classified mainly as SM material according to the Unified Soil Classification
system and is generally varying from fair to well graded. The percentage passing
No. 200 sieve varies from 20% to 40%. This material is judged to be very low to
non-plastic and should be fair to good material for road construction.

The two moisture-density compaction tests show that the alluvial overburden
material has an average maximum dry density of 120 pcf with an optimum water content
of 11.5%.

Soil Parameters

Based on laboratory test results and field observation, the soil parameters used

for the slope stability analysis were as follows:

Angle of Internal

Material Friction, ¢ Cohesion, C Unit Wt., pcf
Alluvial Overburden 35° 0 105
Embankment Fill 40° 0 120

The bedrock was considered to have a much higher shear strength, therefore the

failure circle would not cut into the rock.
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III. STABILITY ANALYSIS

The analysis of stability of the proposed access road was accomplished by using
the SLOPE-II Computer Program developed by Geo-Slope Programming Ltd. and marketed
by Boeing Computer Services Company.

A total of 4 cross sections of the slope and roadway were analyzed: Station
25+50, Station 47+00, Station 48+00 and Station 73+00. These locations were selected
because they were judged to be of high slope fajlure potential. Station 25+50 was
designated to be analyzed by the Forest Service because of archeological finds
requiring preservation.

Surcharge due to traffic load was considered in the stability analysis by
assuming AASHTO HS20-44 trucks occupying both traffic lanes. Four line loads of 320
pounds per lineal foot spaced at 6-ft centers on the traffic lanes were used to
represent such surcharge loads.

Bishop's Simplified Method was chosen as the theoretical basis for analyzing
the slope stability problem. The outcome of the analysis from the computer program
indicated block failure of a soil mass sliding on the surface of bedrock to be the
general probable failure mode of all cross sections analyzed. Sketches showing the
most critical slip surface of each cross section are included in Appendix B. The

minimum factors of safety of these cross secfions against slope failure are tabu-

lTated as follows:

Minimum
Station Factor of Safety
25450 1.658
47+00 2.243
48+00 2.159
73+00 1.357
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As shown above, the most critical cross section has a minimum factor of safety
of 1.36. This cross section is representative from Station 71+50 to Station 74+00
where a retaining structure is required downslope of the proposed road-to avoid a
high embankment that would fill up the creek. The most critical factor of safety
for the proposed road against slope instability exceeded the minimum of 1.25 required
by CFR].

The proposed road is therefore considered stable. However, construction of the
road and the retaining structure must conform to the requirements discussed in the
next section to ensure that parameters used for the analysis were valid. R&M
Consultants, Inc. should be contacted before any deviation from such requirements

and change of road alignment is made since additional analysis of the road stability

may be required.

IV. SUBGRADE PREPARATION AND PAVEMENT DESIGN

The alluvial overburden material consists mainly of silty sand (SM material)
with some gravels and boulders up to 3 ft in size. This material is considered as
fair to well graded, very Tow to non-plastic.

According to the results of the grain size distribution analyses performed on
samples obtained from the test pits, the CBR value of the alluvial overburden material
should range from 15 to 25. For the purpose of pavement design of the proposed
road, a CBR value of no greater than 20 should be used.

Vegetation, including grass, bushes and trees, within limits of the proposed
road should be cleared and grubbed. The top 1 ft of soil should be removed to
eliminate most of the organic material in the subgrade. The alluvial overburden

material may be used for the construction of roadway embankment. Cobbles and boulders

]”Code of Federal Regulations, Volume 30 - Mineral Resources” revised as of
July 1, 1979, published by the Office of Federal Reg1ster, Chapter VII - Office
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larger than 6 inches in size in the alluvial overburden should be broken into

smaller pieces when used as embankment fill material.

V.  CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The most probable slope failure mode of the proposed access road is block
failure; a soil mass.sliding over the surface of bedrock. The proposed road is
considered stable with a minimum factor of safety against slope failure exceeding

the required 1.25. The stretch of road from Station 71+50 to Station 74+00 has the

highest failure potential with a critical minimum safety factor of approximately

1.36.

Generally, there is a higher risk of slope failure of the road where retaining
structure is required to contain the roadway embankmsnt. Special consideration has
to be given to the design of these retaining structures.

The alluvial overburden material along the route of the proposed road is
generally suitable for borrow material for road construction. However, boulders 6
inches or 1arger-1n size should be broken up to be used as borrow material. To
ensure the validity of the soil parameters used in the slope stability analysis,
the construction and compaction requirement recommended below should be followed.

Recommendations

The vegetation within the road construction limits should be cleared and
grubbed. The top 12 inches of soil should be stripped and discarded. A CBR value
no greater than 20 is recommgnded for the pavement design of the proposed road.

The alluvial overburden material, free of cobbles and boulders larger than
6 inches, may be used for the roadway embankment. This material should be
compacted in 8-inch loose 1ifts to at least 96% of the maximum density determined

by ASTM 1557-70 (modified Proctor Method).
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Because of higher slope failure potential, the roadway embankment retaining
structures should be founded on bedrock wherever practical. The retaining structures
should be analyzed individually for stability against cverturning. The safety
factors against overturning and sliding are recommended to be at least 2.0 and 1.5,

respectively.

Ditch should be provided on the inside shoulder of the proposed road and

should be designed to safely pass the peak runoff from a 10-year, 24-hour or greater

precipitation event. The rock strata along the proposed road generally dip 3-7°

to the north and should be advantageous in minimizing runcff infiltration into the

" roadbed. Sediment controls should also be provided to minimize surface ercsion.

Revegetation is recommended on cut surface in the soil overburden upslope of the

road; and either rock riprap or vegetation is recommended on fill surface downslope

of the road.

Q8

J. S. Liu, P.E., Ph.D.
Senior Geotechnical Engineer
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APPENDIX A - LABORATORY TEST RESULTS
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APPENDIX B - CRITICAL SLIP CIRCLES
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