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S ENGINEERING SURVEYS ALONG THE TRANS-ALASKA PIPELINE b (
o h
2 by j:*
g Randy N. Godfrey and Robert A. Eaton §v¥
4 A
‘ INTRODUCTION j :
R This report describes 14 test areas selected for studying environ- DAL
2 mental engineering problems associated with roadways, airfields and work- E;?
%’ pads along the trans-Alaska pipeline. It supplements "Environmental Engi- E’“
ﬁ neering and Ecological Baseline Investigations along the Yukon River- :&
¢ Prudhoe Bay Haul Road” (Brown and Berg 1980). These sites were selected 2k
¢ for investigating physical changes resulting from road, airfield and work- ;;E
; pad construction and restoration in subarctic, discontinuous permafrost E :
i’ zones and in arctic, continuous permafrost zones, both of which are influ- fs&
’ enced by many seasonal and annual climatic regimes. 2
K, All selected sites were surveyed near the end of the 1976, 1977 and :‘}
s 1978 thawing seasons to determine changes in surface elevation.* Thaw g ::
Al depths adjacent to the roads, airfields and workpads were measured each $%;
E year by probing with a metal rod. 1In 1977, soil strength was tested at L&
$ most sites using a cone penetrometer, and at some sites solar radiation &é;
; was measured. The purpose of these measurements was to establish rates and ;{,
a types of modifications in permafrost; these data should help in selecting ; ):
! future routes. A
é Table 1 is a list of the 14 sites along with some identifying charac- :?3
.ﬁ teristics. Four airfields were chosen north of the Yukon River for moni- 44
15 toring annual movement of the north and south ends of the runway surface. as%
* Two access road sites and one above-ground pipeline workpad site were also ‘?5
[ selected north of the Yukon River where problems were observed or antici- _;v
g pated. Test sections were selected at miles 16.3 and 50.7 on the TAPS S§
', (Trans-Alaskan Pipeline System) Road (now designated as the Dalton Highway &#
2 by the Alaska Department of Highways), which extends 56 miles south from L
o the Yukon River to Livengood. Also included in this study are five pipe- f:f
line workpad test sites south of the Yukon River. E:%
E’ Figure 1 shows the locations of the test sites. The physiographic Ebi
¢ units traversed by the Haul Road, TAPS Road and oil pipeline are shown in
4 * Two sites, Hogan Hill and Eielson, were not surveyed in 1976. Eg:
: &
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Table 1. Test sites.

Latitude- Approximate General
Site Locatlon longitude elevation (m) soll type Description

Wlllow Creek Mile 98,8 Richardson 61°50'N 904 Lacustrine deposits Above-qround pipe!ine workpad
Highway 145°26'w

Hogan Hill Mile 155,1 Richardson 62°40'N Lacustrine deposits Buried refrigerated plpeiine
Highway 145%25'w workpad

Quartz Lake Mile 277,85 Richardson 64°14'N Perennially frozen silt, Above-ground pipeline workpad
Highway; 0,75 miles 145°36'w und| fferentlated
north of Quartz Lake
road

Eielson A,F B, 1,5 miles north ot 64°38'N Buried pipeline workpad
Quarry Road along 146°35'w
plpeline

Engineer Creek Approx, 1.5 miles 65°05'N Perennlaliy frozen siit, Above-qround pipeline workpad
south of Steese Hwy,~ 147°10'w undltterentiated
pipeline intersection

TAPS Road Mile 16,3, Trans-Alaska 65°30'N Windblawn siit Roadway
Mile 16,3 Pipe!ine Service Road 149°22'w

(CRREL Site

173-1)

o

PP
-

TAPS Road Mile 50,7, Trans-Alaska 65°49'N Extrusive, intruslive Roadway
Mlie 50,7 Pipeline Service Road 149°3 1'w and sedimentary

(CRREL Site

#78-1)

T |

Old Man Air- Approx, 50 miles north 66°27'N Colluvium East and west ends of
tield (CRREL ot Yukon River 150°35'w runway
Site #87-1E,
87-w)

R LT
e . e

Prospect Air- 81 mites north of Yukon 66°49'N Matic locally contalns North and south ends of
field (CRREL River 150°39'w scnibt rurway

Site #91-IN,

91=-15)

PRy

e

Dietrich Alr- Approx, 153 miles north 67°44'N Modern alluvium North and south ends of
flelg (CRREL ot Yukon Rlver 149°45'w runway
S.te F104~IN,
104-15)

Galbraith Lake Approx, 207 miles north 68°29'N Cretaceous and Jurassic North and south ends of
Airtietd of Yykon River 149°29'w shale, sandstone and runway

(CRREL Site congqlomerate

£114-1N, 114-15)

Access Road 207 miles north of Yukon 68°27'N Al luvial tans Access roead
114-APL=3 of Yukon River, station 149°22'w

(CRREL Site 1375498 on Hsul Road

F114-APL=3)

NI

Insulated work-= 250 mites north ot Yukon 68°356'N Young alluvisl terraces Above-qround pipeline workpad
pad, (CRREL River, pipeline station 148°53'w
Site #121-1) 1193433

N

r

Access Road 327 mites north ot Yukon 595 1'N Ola alluvial terraces Access Road
133«APL~1 River, Haul Road 148°46'w

(CRREL Site Station 1838+04

132-2)

NN,

Notee CRREL Stte numbers - the tirst 2 or 3 diqits refer to Alyeska Al lgnment Sneets and the remaining numbers and (etter,
preceded by 8 hyphen, refer to the site on & particular ailanment sheet, Site numbers on an alliqnment sheet are numbered frow
South to north,
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PIPELINE CAMPS and PUMP STATIONS
Yukon-Prudhoe Road

Jeadhorse Airfield
Frankiin Bluffs
Sagwon
Happy Valley
Toolik
Galbraith
Atigun
Chandalar

J Dietrich

K Coldfoot

L. Prospect

M. Old Man

N.Five Mile
c(PS) Pump Station

IOMMOODEDP

PHYSIOGRAPHIC PROVINCES
Yukon - Prudhoe Road

I. ARCTIC COASTAL PLAIN

2 ARCTIC MOUNTAINS PROVINCE

2a. Arctic Foothills
2b. Eastern Brooks Range

2c.Chandalar Ridge and
Lowland Section

3 NORTHERN PLATEAUS PROVINCE
30. Porcupine Plateau
3b Yukon -Tanana Uplands
3¢ Yukon Flats Section
2d Rampart Trough
3e Kokrine-Hodzano Highlands

Locotion Map

Figure 2. Location of the Haul Road showing the physiographic units

traversed.
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Figure 2. Figure 3 illustrates the range in freezing and thawing condi-
tions euncountered along the pipeline route. Photographs of each location
are included in each site description.

The test sites offer a good comparison of roadway, airfield and work-
pad behavior in a discontinuous permafrost zone and a continuous permafrost
zone, where there are many areas containing massive ground ice. Thawing of
the massive ice adjacent to or under these construction systems and the
subsequent subsidence or erosion are of major concern, as they will affect
performance and maintenance of the roadway and workpads. Test sites where
the oil pipeline was constructed above ground adjacent to the roadway were
chosen because the ice~rich soils there, if thawed by the road, provide a

low bearing capacity.

METHODS

At all test sites, information on the thickness of the roadbed, the
material sources, the solar radiation, and the depth of the permafrost were
needed for evaluating both short- and long-term performance of the roads,
airfields and workpads. These data will be used for improving road,
workpad and airfield design and construction and for developing methods of
minimizing influences on the environment. Monitoring incident solar radia-
tion and material types provided significant data for correlating with the
variation of thaw penetration in undisturbed areas.

Thaw penetration and transverse and longitudinal elevations were

monitored at three of the four above-ground pipeline workpad sites (Willow

Creek, Quartz Lake and Engineer Creek) and at both buried pipeline workpad
sites (Hogan Hill and Eielson A.F.B.).

Four types of measurements were made during this study:

1) Level Surveys - to monitor surface elevation,

2) Probings~ to determine the depth of thaw.

3) Cone penetrometer tests - to determine soil strength.

4) Solar radiometer readings - to determine incident and reflected

solar radiation of different ground surfaces.

Level Surveys

Engineer level surveys were conducted each year at each test site.

Transects were established across the roads, airfields and workpads into
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' adjacent disturbed and undisturbed areas. The surface elevations obtained
*;. in 1977 and 1978 were compared at most sites, with the init{al elevations
o recorded in 1976.
5? Frost-free benchmarks (BM) were required for reference; National
gﬁ Geodetic Survey (NGS) benchmarks were used where available. Because of
93 winter frost action, a few vertical control monuments were thought to have
oy frost-heaved. To correlate yearly level observations, elevations of these
:ﬁ disturbed monuments were mathematically adjusted, which produced satisfac-
Eﬁ tory results. Most temporary benchmark (TBM) descriptions were without an
0 elevation, so 30.48 m (100.00 ft) was arbitrarily selected as a datum.
r Descriptions and locations of all referenced benchmarks are included with
:‘ observations for each test site.
3? Cone Penetrometer Tests
" A cone penetrometer with a shaft slightly over 46 cm long and a cone
;4 1.3 cm in diameter was used for all tests. Between the handle and shaft is
fﬁ a proving ring with a dial gauge that gives the results of the test in
:E pounds per square inch (psi).
Cone penetrometer tests were performed in late August and September
Esi 1977 at 12 sites and in late August 1978 at Eielson A.F.B. to correlate
3: with other data used in the design of embankment thicknesses. A cone
%{ penetrometer reading of approximately 80 psi corresponds to a California
Bearing Ratio (CBR) value of 3. Unfrozen soils having a CBR greater than 3
ﬂ; correspond to competent subgrades. These subgrades have higher densities
Z$ and lower roisture contents than ice-rich soils and will not consolidate as
:a much under a fill placed over them. Standard, temperate-zone procedures
may be used for designing required embankment thicknesses over competent
3 subgrades. Over incompetent subgrades (soils with a CBR of less than 3
h' after thaw), embankment thickness design is based on the “"reduced subgrade
Q. strength” method.
= Incompetent subgrade soils were encountered along more than 60% of the
&. Haul Road, which extends from the Yukon River to Prudhoe Bay, indicating
;s that high ice content predominated (Berg and Brown 1978). These soils are
é§\ considered to have low bearing capacity when thawed.
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o poY
) Thaw Probings by
¥ W
¥ The depth of thaw adjacent to most test sites was measured each summer he!
' [
at most sites by probing with a thin metal rod (approximately 1.3 cm in
diameter). ‘&ﬁ
Solar Radiometer Readings %Ef
Incident and reflected solar radiation measurements were made with a W
standard solar radiometer at four sites in 1977 and one in 1978. The value G,
.\
for albedo was computed by dividing the reflected radiation by the incident }hg
radiation. These data were obtained for correlation with similar values Mﬁ
v
observed at sites on the Haul Road; any detalled analyses of the data will e
be reported elsewhere. iﬁ:
: ‘s
Yy
RESULTS I
|'l.‘~
\‘I?Q
Willow Creek
"‘i"

Figure 4 shows the location of this test site. It is an above~ground by
pipeline workpad (Fig. 5), varying in thickness from about 0.5 to 0.9 m.
The closest identifier is a buried game crossing just south of the test

Willow Creek

Figure 4. Willow Creek test site
location. -
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a. Looking north along the east side of the workpad from
\ the centerline at VSM #49. Note the stones left on the sur-
‘ face after grading.
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; b. Looking north along the west shoulder of the workpad Eéf

' from VSM #49. Note the wood planking used to support the :};

horizontal strut of the VSM. N
Y Figure 5. Willow Creek site, September, 1977.
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; ﬁ? Figure 7. Willow Creek workpad longitudinal profiles. )
"';',C The upper profile is at the right VSM; the lower pro- ¢
Qi‘h file is 10 m east of the right VSM. :
2 5.8 N
, site. Figure 6 is a plan view of the test site indicating the locations of :
L.
D vertical support members (VSMs), workpad edges and toes of slopes. !
\ .,‘ An Alyeska Pipeline Service Company (APSC) benchmark (BM) located on a ¢
straight line west of VSM 49, with a known elevation of 903.329 m, was used
MO t
;::.:: to establish a temporary benchmark (TBM). The APSC BM is 9.90 km from the .
Xy 'J
::"I centerline of Kluth's River, 7.00 km from Route 4, 6.28 km from the Access !
4)
::ﬂ:: Road and 2.90 lm from valve 5 at Station 3051 + 927. The TBM is a vertical t
spike in a tree root on the west side of the road between VSM 55 and 56,
p—_ ,
‘:::5: and is approximately 0.49 m above ground. ,
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The surface elevations were measured on 24 August 1976, 4 September ':5

S 1977 and 18 August 1978. Figure 7 shows elevations along the longitudinal .:
workpad profiles for 1976 and 1977, and Figure 8 shows the elevations on ol

!L:z‘ typical cross sections, also for 1976 and 1977. Surface elevations for ;‘
.,r:' 1977 and 1978 were essentially the same. The difference in elevation ::
‘f:f,: between the 1976 and 1977 surveys can be attributed to regrading of the E‘
- workpad. 3
“.“ Table 2 shows the cone penetrometer measurements made on 4 September B
:%2 1977. Observations were made at depths of 0, 15, ‘30 and 46 cm adjacent to :j:'
,:: the VSMs. The points on the east side of the VSMs had the higher values ::i:
and were thus considered to have the greater soil strength. All depths %

o greater than 1.0 m were too dense to probe, so no probe observations were ,
',::: taken at this test site. H‘
'Jf' Solar radiometer readings performed 4 September 1977 on the workpad ‘\Q

surface show 170 Btu/ftz-min. for incident solar radiation and 40 Btu/ftz-

Ry min., for reflected solar radiation, giving an albedo of 0.24. These values 'a
J .
4, indicate that most of the solar radiation received is absorbed by the work-
;:.i pad gravel surface, penetrating the subgrade and increasing the depth of ?
N .
e thaw. i
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% Table 2. Cone penetrometer measurements at Willow Creek
) (4 September 1977).

. Dist.
i) from Soil strength (psi)
' VSM No. Rt.VSM O 15 30 46 cm
b (m)
‘K
’ 55L 10.0W 0 100 130 60
Y 55R 15.3 20 160 190 220
0y 56L 9.5W 10 50 160 150
R 56R 17.5E 60 100 220 280
K 57L 9.6W 30 260 260 40
i 57R 15.7E 40 280 >300 -—-
' S8L 9.9W 20 150 180 120
58R 15.9 10 240 >300 -—
3 59L 8.6W 50 220 260 290
3 59R 16.3E 20 270 >300 -
60L 9.2Ww 50 120 180 260
» 60R 15.9 10 230 240 250
A - — - -
, Average: 27 192 227 186
:
)
'
L)
K)
o Hogan Hill
; Figures 9 and 10 show this buried, refrigerated pipeline test site and
X the surrounding vicinity. Figure 11 is a plan view of the site. An exist-
§ i1ng benchmark was used for the 1977 and 1978 surveys at this site. The
benchmark is numbered 27-16-74 and is the top of a nail in a spruce tree
b 10.2 cm in diameter, 22 m east of a telephone pole on the east side of the

pipeline. It projects 52 cm above the ground surface and has an elevation
- of 674.57 m.
Table 3 lists the average difference in elevations between 1977 and
X 1978. A centerline profile level survey was not conducted because of time
§ limitations. Figure 12 shows details of the standard design for a buried,
8 refrigerated pipeline segment and a cross section typical for the site.
Table 4 shows the cone penetrometer measurements for this pipeline
section. Five of the fifteen tests at 46 cm hit permafrost. Fourteen of
! the thirty tests at 15 cm recorded disturbed soills. These values show that
the soil is relatively weak compared to other test sites.

Probe measurements (Table 5) were taken on 4 September 1977 and 18

4 August 1978, In 1977 the deepest permafrost was recorded at 9.6, 10 and 12
L)
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Figure 9.

Table 3.

»—Z —

Hogan Hill test site locatiom.

Average difference in surface elevations,
1978 vs 1977 at Hogan Hill.

o
V) _).V,'\}.‘-:.-.'_._s
D a“"v. 23y » ANy w"‘s . >,

Baseline Number of Average Difference
Station (m) Points 1978 vs 1977 (m)
0+00 9 -0.07*
0+10 11 -0.01
0+20 10 -0.01
0+30 11 -0.04
0+40 10 -0.03
0+50 9 -0.03
0+60 11 -0.03
0+70 9 -0.03
0+80 9 -0.04

*Negative values represent settlement.
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a. Looking north along the centerline of the gravel
berm over the buried pipeline section. Visible at the
lower right are bulldozer cleat marks, indicating that
the gravel surface had been reworked.

b. Looking north from the centerline of the buried pipe-
line along the west side. Note the shallow wheel ruts
caused by traffic during the thaw season.

Figure 10, Hogan Hill site, September 1977,
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Figure 12. Hogan Hill standard design and typical

cross section
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Table 4.
(4 September 1977).

Cone penetrometer measurements at Hogan Hill

Dist.
Baseline from Soil strength (psi)
Station Baseline 0 5 30 46 cm
(m) (m)
0+00 0.0 0 39 60 pf*
0+10 0.0 0 30 70 pf
11.0 0 Disturbed
11.5 Disturbed
1.2 Disturbed
0+20 0.0 0 40 120 pf
11.0 0 30 30 50
12,0 Disturbed
14.0 Disturbed
0+30 0.0 0 10 50 80
9.6 0 40 60 120
10.0 Disturbed
12,0 Disturbed
0+40 0.0 0 40 50 pf
9.3 0 50 40 60
11.0 Disturbed
14,7 Disturbed
0+50 0.0 0 20 50 pf
9.0 0 30 60 80
9,2 Disturbed
0+60 0.0 0 30 40 80
10.1 20 40 60 130
10.5 Disturbed
0+70 0.0 0 50 120 140
10.7 0 40 50 60
10.9 Disturbed
0+80 0.0 0 10 pf --
11.9 0 30 35 60
12.1 Disturbed
15.0 Disturbed _ _
Average: 1 33 60 86

* vf = permafrost
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i‘ Table 5. Probe observations at Hogan Hill. ljgj
i o
: e
gy Dist. w,
" Baseline from Depth to permafrost (m) 3
o Station Baseline 4 Sept. 1977 18 Aug. 1978 RN
o (m) (m) .
1%’ o
0+00 0.0 0.51 0.57 v
o 0+10 0.0 0.47 0.53 T
11.0 0.74 0.77 -
8 11.5 0.81 0.95 Qil
M) 12.4 Too many rocks a
o 0+20 0.0 0.50 0.48 o
a 11.0 0.66 0.74 o
" 12.0 0.77 0.88 -]
14.0 0.77 Too many rocks
g 0+30 0.0 0.53 0.48 o
o 9.6 >1.19 1.48 iy
? 10.0 >1.19 1.45 Y
‘ 12.0 >1.19 >1.80 7
) 0+40 0.0 0.41 0.37 -
' 9.3 0.77 1.80 -
» 11.0 Rocks 1.60 )
P 14.7 Too many rocks :bﬁ
s 0+50 0.0 0.47 0.50 N
" 9.0 0.85 0.75 o~
N 9.2 0.75 0.83 el
0+60 0.0 0.51 0.51 .
ig 10.1 0.90 0.98 oy
~ 10.5 0.80 0.99 :uj
; 0+70 0.0 0.51 0.56 o
A 10.7 0.91 0.98 . -
¢ 10.9 0.86 0.91 a0
0+80 0.0 0.35 0.45 o~
? 11.9 0.80 0.93 -~
12.1 0.69 0.75 -
! 15.0 Too many rocks i}'
v o~
W
N N
m from baseline station 0+30. These points are either in or adjacent to :Cj;
. the ditch at this station, and at this station this ditch is at a relative- -:E,
[y s
- ly low elevation. This may indicate the existence of ponding water during
', certain times of the summer, resulting in increased thaw depth. These
3 points had deep permafrost in 1978, but the highest probe measurement was
j at baseline station 40. No radiation measurements were obtained at this
test site.
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Figure 13. Quartz Lake test site location.

Quartz Lake

Figures 13 and 14 show the test site and surrounding area. The area

included an above-ground section of pipeline, an open field, and an old
trail crossing on its west side. A relatively thin fill, averaging about
0.8 m, was used in constructing the workpad at this location.

An APSC benchmark was installed in 1976; it is 11.25 m west of left
VSM 64 and 12.05 m south of left VSM 65. The tagged benchmark projected
0.32 m above the ground surface in 1976. An exact elevation was not known,
so an elevation of 30.48 m was arbitrarily assigned to this benchmark for
producing the cross section and centerline profile data.

Surface elevations were measured on 23 August 1976, 5 September 1977
and 19 August 1978. Figure 15 is a plan view of the test site indicating
VSM location, workpad edges, and toes of slopes. Figure 16 1llustrates the
longitudinal profiles at the east (right) VSMs and 10 m east of the east
side VSMs, and Figure 17 shows typical VSM cross sections. In both
figures, only the 1976 and 1977 data are shown; data for 1977 and 1978 show

only very minor differences. The plots in Figure 17 show some unusual
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September 1977

Looking north from VSM Bent #62 along the west side of
Quartz Lake test site,

the workpad.
Figure 14.
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Figure 15. Plan view of the Quartz
Lake test site.
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Figure 17. Typical cross
sections at Quartz Lake.

O
Q

40 80
Distance from VSM 70 (m)}

Figure 16. Elevations on longitudi-
nal profiles. Quartz Lake. The
upper profile is 10 m east of the
right VSM; the lower profile is at
the right VSM.

variations between the 1976 and 1977 data. It is reasonable to assume that
the surface was regraded at some time between the two surveys, and any
subsequent comparisons of surface elevations should be made with respect to
the 1977 data rather than that of 1976. The same assumption may be used to
explain the variations along the longitudinal profiles shown in Figure 16.
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Table 6. Cone penetrometer measurements at Quartz Lake
(5 September 1977).

Dist.
from Soil strength (psi)
VSM No. Rt. VSM (m) O 15 30

64 16,18 0 50 60
64 21.9W 0 100 120
65 16, 8E 10 30 100
65 21,44 0 40 120
66 16, 2E 0 50 80
66 21.6W 10 40 100
67 16, SE 20 130 150
67 16.7W 10 50 140
68 17.2E 0 20 100
68 12,40 20 70 110
69 19, 6E 140 160
69 9.9% 10 100
70 19.3€ 40 90
70 9.2w 120 120

Average: 64 111

Table 7. Radiation measurements at Quartz Lake
(5 September 1977).

Radiation (Btu/ft2 hr)
Incident Reflected Albedo Comments

Road 145 32 -
Road with grass 145 37 Seeded
Cleared 160 30 . No trees

Cone penetrometer readings (Table 6) were obtained in September 1977.
The highest readings were at 16.7 m west of VSM 67 and 19.6 m east of VSM
69, where subsurface soils contain coarse-grained granular materials.
Solar radiation measurements were taken on the bare roadway, the roadway
with grass, and a surface where trees and high brush only had been
removed. The reflected values were relatively low compared to the incident
radiation readings (Table 7).

Probe observations were also obtained on the VSM 64-70 cross sections
(Table 8). These data show a pronounced difference between points on the
east and those on the west. Figure 13 show that the "east"” and "west"

designations are somewhat misleading. At least part, if not all, of the
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ﬁpﬁ Table 8. Probe observations at Quartz Lake. ,
24
S
e
i Undisturbed area* Toe area 0
. Dist. Dist.
Y, from Depth to from Depth to ?
3 N VSM No. Rt. VSM permafrost Rt. VSM permafrost :
R (m) (m) (m) (m) z
k) 3
Wy
K 5 Sep 77 19 Aug 78 5 Sep 77 19 Aug 78 *
LR
»:E: 64 16.1E  0.51 0.54 15.1E  0.79 0.84 3
:s,(:e 64 21.9W 0.79 1.37 20.9W  >1.19 1.53 ‘
R 65 16 .8E 0.60 0.56 15.8E  0.90 0.95 f
Ry 65 21.4% 0.65 1.33 20,40 >1.19 1.41 !
; 66 16 .2E 0.62 0.66 15.2E 0.91 0.95 b
66 21.6W 0.76 1.18 20.6W  1.10 1.35
oy 67 16 .5E 0.61 0.60 15.5E  0.99 1.03 1
i 67 16.7W 0.67 1.18 15.7W  1.10 1.22 ?
1 68 17.2E 0.43 0.56 16.2E  0.72 0.83
N 68 12.40  0.75 1.15 11.40  1.10 1.23
e 69 19.6E 0.53 0.53 18.6E  0.92 0.97 )
e 69 9.9%W 0.88 1.18 8.9W 1.07 1.24
o 70 19.9E 0.57 0.48 18.5E  0.94 0.87
e 70 9.2w 0.85 1.30 8.2W  1.09 1.30 ]
8] *d
L) -
%ﬁe Averages: East 0.55 0.56 East 0.88 0.92 5
W,
W West 0.76 1.24 West 1.12+ 1.33 »
_ All 0.66 0.90 All 1.00 1.12
it
ﬂ:“ )
thehry ;
: * 1978 undisturbed reading may be affected by utility posts lying on the
0'.: ground. ¢
o t
4&}‘ difference may be because the "west” points are actually on the southern
‘\
2:’ side of the site., The northern side would tend to be shaded from the sun, ;
Qkﬁ reducing the thaw on that side. The average difference in 1977 between the 4
(3
east and west points in the undisturbed area was 0.2]1 m and 0.24 m at toe '
\ I .
:‘ﬁ locations. In 1978 essentially no increase in the depth of thaw was noted g
ey ye
! *. on the east side, while the depth of thaw on the west averaged 0.48 m more by
:2 ) in the undisturbed areas and about 0.2 m at toe locations. ’)
i) [}
>, Eielson Air Force Base
§$? Figures 18 and 19 show this buried pipeline test site along with some ¢
“y 4
QJQ identifying features. A temporary benchmark, numbered 56-17-75, was ¢
Ly ¢
e established during the September 1976 survey. The benchmark is the top of A
[ . a spike in a black spruce tree 15 cm in diameter, approximately 1.5 m east ~
) 14
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A :
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Figure 18. Eielson Air Force Base site
location.

of the workpad and 96 m north of the thermocouple installation. The top of
the spike is 38 cm above the ground surface. The actual elevation was not
known, 30 an elevation of 30.48 m was assigned to this benchmark for survey
purposes.

A plan view of the workpad test site is shown in Figure 20, illustrat-
ing the 1ateral extent of the workpad and the centerline of the buried
pipe. Surface elevations were measured on 6 September 1977 and 19 August
1978.

The data show essentially no differences between the 1977 and 1978
elevations, so neither graphs nor tables are presented. Figure 21 shows
detailss of the standard design for a buried pipeline segment and a cross
section typical for the site.

Table 9 shows the cone penetrometer measurements. The highest cone
pene trometer value was recorded 19.6 m west of the 10 m station at 46 cm.
Other high penetrometer readings were obtained at the 0+40, 0450 and 0+60 m
stations, all on the west side of the pipeline and at depths of 46 cm.
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a. Looking north along the centerline ot the pipe from
about 90 m south of centerline station 0+30. The post

and sign (marking the temperature sensors) are at sta-
tion 0+430.

b. Looking east along the workpad 90 m south of center-
line station 0+30. Grader tracks are visible in the
lower right, indicating that the surface was reworked
before the 1977 survey.

Figure 19. Eielson Alir Force Base site, September 1977.
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a. Standard design for the
buried pipeline.
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Distance(m) 0+40), 19 August 1978.
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Figure 20. Plan view of the Figure 21. Eielson Air Force Base standard
Eielson Air Force Base test design and typical cross section.
site.

Table 9. Cone penetrometer measurements at Eielson Air Force
Base (19 August 1978).

Centerline Dist. from Soil strength (psi)
station centerline 15 30
(m) (m)

0400 22.0W 110 200
0+00 21.3€ 50 110
0+10 19.6W 100 210
0+10 21, 4E 90 120
0+20 19.0w Too gravel
0+20 21.6E 30 80
0430 21.0w 180
0+30 21,98 30 60
0+40 20.0W 170
0+40 21,98 90 180
0+50 17.0W 50 180
0+50 21,6F 20 70
0+60 17.0w 80 160
0+60 22,0F 70 160

t

]
g
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2L

-

“
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Average: 78 145
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Table 10. Probe observations at Eielson Air Force Base.

Undisturbed area Toe area
Dist. Depth to permafrost (m) Dist. Depth to Permafrost (m)
from S Sept. 19 Aug. from S Sep. 19 Sept.
Station centerline 1977 1978 centerline 1977 1978
(m) (m) (m)

0+00 22,00 0.84 1.19 20.0w 0.83 0,71%
0+00 21.3E 0.66 0.57 20.3E >1.19 1.01
0+10 19,.6wW 0.69 0.82 18.6W 0.72 0.77
0+10 21.4E 0.74 0.97 20.4E 1.04 1.10
0+20 19.0W 0.94 1.00 13.1w - 1.24
0+20 21.6E 0.76 0.61 20.6E 0.87 0.89
0+30 21.0wW 1,05 0.97 13.3w Gravel 1.10
0+30 21.9E 0.80 0.54 20.9E 0.91 0.90
0+40 20.0W 0.70 0.81 13.4W >1.19 1.08
0+40 21.9E 0.70 0.53 20.9E 0.89 0.89
0+50 17.0w Gravel* 0.87 13, 1w 1.00 1.00
0+50 21.6E 0.69 0.77 20, 6E 0.88 0.81
0+60 17.0w Gravel* 0.87 13,.0w 0.77 -
0+60 22.0E 0.61 0,42 20.4E 0.93 0,98
Average: 0.76 0.78 0.94 0.96

* No organic surface layer

The deepest toe probe measurements (Table 10) were 20.3 m east of
station 0+00 m, 20.4 m east of station 0+10 m, 13.1 west of station 0+20 m,
and 13.4 west of station 0+40 m in both 1977 and 1978; these measurements
were between 1,0l m and 1.24 m. Surface albedo and other radiation
measurements were not taken because a nearby forest fire caused smokey con-

ditions during the 1977 survey.

Engineer Creek

This test area is an above-ground pipeline workpad site (Fig. 22 and
23). It is due east of the former Alyeska VSM Load Test building. A
temporary benchmark (TBM) was established in August 1976. The benchmark is
the top of a horizontal spike in the side of a black spruce tree 15 cm in
diameter, 4.6 m from the east toe south of VSM 45. The TBM is set at an
elevation of 275.4]1 m and was measured as 0.95 m above the ground surface
in August 1976,

Surface elevations were measured on 22 August 1976, 5 September 1977
and 20 August 1978, Figure 24 shows the plan view of the test site, indi-
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o location.
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"
cating the workpad edges, slope toes and VSM locations. Average differ-
»
% ences in surface elevations on cross sections and longitudinal profiles are
:ﬂ shown in Table 11. A typical cross section is shown in Figure 25 and the
-& longitudinal profile at the right VSMs for 1978 1s shown in Figure 26. The
level observations indicate a small amount (averaging about 5 cm) of
kS, settlement occurring in the first year (1976 to 1977), with no change in
k. the second year. Regrading of the surface, occurring sometime between the
K> 1976 and 1977 surveys, may have been responsible for all or part of the
- observed settlement.
- Table 12 shows the cone penetrometer measurements for this test site,
o,
o The readings are lower than from most of the other southern test sites,
k} possibly because permafrost exists within about 46 cm of the undisturbed
5 surface. Probe measurements conducted during the 1977 and 1978 surveys
\ 27
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L%
i-.: Table 11. Average difference in surface elevations
Ao 1977 and 1978 vs 1976 at Engineer Creek.
r::: VSM Number of Average Difference (m)
i No. Points 1977 vs 1976 1978 vs 1976
ko 41 8 =0.08% =0.11
o'. 42 8 -0.04 -0.04
e 43 8 -0,04 -0.05
. 44 8 -0.02 -0.02
g 45 7 ~-0.05 -0.05
W 46 7 -0.06 -0.05
! 47 7 -0.08 -0.09
4
~bl
o Right VSMs 13 -0.02 -0.02
:\ 10 m North of
:: Right VSMs 13 -0.06 -0.07
o *Negative values represent settlement
¥
g 29
';h.
b
14
LAY (7 ‘L AT AT SN «_.a. WTIN BN S
) v e~ 0 -
AL "" 9”1"".‘0”,:‘.."\' Ty u: .1:'.«:..\: Ati XN ‘..’k ﬁ&; \ .\ '{:.ﬁ.{




44l 280 gos Wes) ]
7 2777 Soutn P R North _. AR
- - £
2 276 é
;&‘"“ (3 5’ —
&-t" 275 | | { 1 1
'ty 30 20 10 0 10 20 30
'Q } Distance from Right VSM (m) 2740 L 410 1 elo =0
. "‘ Distance from VSM 4|R (m)
LG Figure 25. Surface elevations on
L. a typical cross section (VSM #44) Figure 26. Surface elevations on
S for 1978, Engineer Creek. a longitudinal profile at the right
[ : VSMs for 1978, Engineer Creek.
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2
g
o
' Table 12. Cone penetrometer measurements at Engineer
Creek (5 September 1977).
o
e
tz}: Dist.
xﬁx VSM from Soil strength (psi)
Wt No. Rt. VSM 0 15 30 46 cm
o 41 19.2R 30 90 110 100
el 41 8.2L 20 40 70 pf*
N 42 19.2R 10 35 55 pf
o 42 8.0L 0 50 100 120
oL 43 18.3R 0 20 70 pf
- 43 8.9L 10 80 100 120
;J* 44 18.8r 0 30 90 pf
.ff 44 8.5L Disturbed
o 45 19.7L 0 30 50 pf
- 45 B.4L 0 60 100 pf
w 46 17.7R 0 10 40 180
. 46 8.6L 0 10 80 pf
q} 47 18.7R 0 30 70 40
e, 47 8.3L 40 50 80 pf
'h'.n
Lo
T Average: 8 41 78 112
oy
— * permafrost
-r.g
:. 8 (Table 13) found the permafrost at the toe of the slope to be the deepest
L S to the left (south) of VSMs 43, 44, 46 and 47. For the undisturbed
f:;i locations the deepest probe measurements were to the left (south) of VSMs
S
:;: 42, 43 and 47. Average values in 1978 for the undisturbed area and toe of
e
,i&i the slope are 52 cm and 92 cm, respectively. In general, thaw on the south
o side of the workpad averaged 0.1 to 0.3 m deeper than on the north.
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?: Table 13, Probe observations at Engineer Creek (20 August 1978). ;2
3 :
"1l| "(‘
fh Undisturbed Area Toe Area '
i Depth to permafrost (m) Depth to permafrost (m) o
Dist. Dist. .
ﬁ VSM from 5 Sept. 20 Aug. from 5 Sept. 20 Aug. "
> No. Rt. VSM 1977 1978 Rt. VSM 1977 1978
1 (m) (m) ;.:.-
“ %
41 19,2R 0.57 0.44 18.2R 0.73 0.82 ;
e 41 8.2L 0.50 0.41 7.2L 0.79 1.06 e
¢ 42 19.2R 0.48 0.50 18.2R 0.60 0.86 !
, 42 8.0L 0.65 0.63 7.0L 0.92 0.92 o
Wi 43 18.3R 0.37 0.41 17.3R 0.71 0.77 v
: 43 8.9L 0.62 0.67 7.9L 1.09 1.07 i
44 18.8R 0.43 0. 54 17.8R 0.57 0.67 :
4 44 8.5L Disturbed 0.98 7.5L >1.19 1.07 )
K 45 19.7R 0.46 0.53 18, 7R 0.66 0.84 3
‘ 45 B. 4L 0.48 0.49 7.4L 0.80 0.88 g
) 46 17.7R 0.44 0.44 16.7R 0.71 0.85 =
b 46 8.6L 0.47 0.54 7.6L 1.03 1.09 ~
47 18.7R 0.37 0.49 17.7R 0.65 0.84
2 47 8.3L 0.57 0.65 7.3L 1.10 1.17 b
< L
» Average All: 0.49 0.52 0.83 0.92 s
g Left (south): N.55 0.56 0.99 1.04 o
C Right (north): 0.45 0.48 0.66 0.81 e

WA

PR W

TAPS Road Mile 16.3

3 Figure 27 is a map of this test site. CRREL selected this area for :E{
,3 study following the completion of the road, and surface elevations have ;t‘
. been measured annually since 1970. Data collected during 1970 to 1975 were it:
. summarized by Berg and Smith (1976). The right-of-way was cleared and f'
; stripped over a width of about 50 m (approximately 30 m west and 20 m east {:i
.2 of the centerline); the stripped material was replaced after construction §$4
5, of the road embankment and seeded during the 1970 summer. An average of ;Lf

1.5 m of fill was used in the construction of the roadway on a subgrade

that had a relatively high ice content.

]
ﬁ' A temporary benchmark is the top of a spike located at ground level in
¢
:ﬂ a spruce tree 8 cm in diameter, which was cut off 91 cm above ground. The
3t

TBM has an elevation of 493.36 m and is located about 32 m west of the road
M centerline at station 869+70.
A
< 31
o)

» . .

f"w\‘r.'f‘.r.‘r*r\r . . L SRR T T At A
' Cafnl et talelala s - - oo RO CURE SR S SR Sy
0300 0 1% S e ~ ) .




P

ML

(L6t
lf.l

P |
Y E

P A
4,585 84

Hess Creek

Comp Valve

Modulor
Bridge

>z -

>
b\
S
L)

\Burled
\

\
\

\

o0
4

Figure 27. TAPS Road mile 16.3 test site
location.

The nearest NGS benchmark is stamped W162 1975 and is located at mile-
post 16, 63.33 km south along the TAPS Road from the south end of the
bridge over the Yukon River. It is 12.8 m southwest of the centerline of
the road, 24.5 m west of and across the road from the milepost, and about
30 cm higher than the road; it is a disk on the top of a copper-coated rod
driven to a depth of 2.1 m« The disk projects 9 cm above the ground. It
was established in August 1975.

The gravel surface roadway (Fig., 28) was frequently regraded to main-
tain a relatively smooth surface, creating berms on both sides of the road-
way., These berms inhibit water runoff to the roadside slopes and edges and
allow excess water to enter the subgrade vertically or produce potholes in
the roadway surface.

During this phase of the study, surface elevations were measured on 2]
August 1976, 9 September 1977 and 20 August 1978. No centerline surveys

were performed at this site, Figure 29 shows a plan view of the roadway,

indicating the centerline, the edge of the road, and the toes of slopes as
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Figure 30. Surface elevations and thaw depths, 1976 and
1978, TAPS Road mile 16.3.

of the 1978 survey. Figure 30 shows surface elevations and thaw depths for
1976 and 1978; in general the 1977 elevations are midway between those for
1976 and 1978. The road surface appears to have settled about 10 cm in the
two-year period, but part of this may be attributable to regrading of the
surface. Outside the road embankment, the settlement averaged a little
less than 10 cm on the east side and considerably less on the west side, in
spite of the fact that the thaw depth lowered an average of about 40 cm
within the limits of stripping. This probably indicates that the soil lay-
er contained little excess moisture in the frozen state. Figure 31 shows
surface elevations for 1970, 1974 and 1978 and thaw depths for 1976 and
1978. Settlement of the road surface has been relatively uniform, averag-

ing a little over 0.3 m during the eight-year period. Note that the width
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. of the roadway has apparently decreased from about 9 m in 1974 to about 7 m 10
e
in 1978. The 7-m width did not show up in the surveys until 1977,but the ey
LMy
1 1976 survey (Fig. 30) seems to indicate that the west shoulder was ol
A
) settling. It is possible that the west shoulder was graded to correct the pha!
o sloughing sometime between the 1976 and 1977 surveys, resulting in the ,n:«.y
L} 5y =
;: narrowing of the road bed and some slight raising of the surface due to e
U !
‘ material moved up from the shoulder area. Settlement of the surface on :4-',;‘
=4
" either side of the road embankment between 1970 and 1978 averaged somewhat _-'_*-
; higher than that of the embankment -- about 0.6 m between 10 and 20 m east ._ o
.7
, of the centerline and about 0.5 m between 10 and 20 m west of the center- rha
: line. Outside the limits of stripping, there has been little change in Ez’
“ b" X
L surface elevation or depth of thaw during the eight-year period. (o 5d
b Figure 31 also shows the 1970 and 1978 surface elevations and the 1978 A
n .
n_s thaw depths plotted to a scale of 1 m vertical equals 1 m horizontal. This by
. figure shows clearly that the embankment has settled less than the adjacent .,o..‘
(\)
K0 surfaces, and it 18 reasonable to assume that thaw beneath the embankment DM
g has progressed at a slower rate. 0
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Figure 32. Initial conditions and 1978 thaw depth, TAPS
Road mile 16.3

Table 14. Cone penetrometer measurements at TAPS
Road Mile 16.3 ( 9 September 1977).

Dist.
from
centerline Soil strength (psi)
(m) surf. 15 30 46 cm

32.5w 0 110 150 100
29.5w 0 30 150 100
26.5W* 20 100 120 140
22.3E 0 40 70 110
23.98 (stake) O 100 80 120
25,18 0 120 140 140

Average: 3 83 118 118

* Soil strength between 23.4W and 193E could not be
measured because the surface was too rocky.

Figure 32 shows the approximate initial conditions at the site,
including the estimated preconstruction thaw depth and natural ground sur-
face under the embankment section. The 1978 thaw depth is also shown to
illustrate permafrost degradation occurring during the eight years follow-

" ing construction.

Cone penetrometer measurements are shown in Table l4. Rocky surface
conditions prevented tests from being performed between 23.4 m west and
19.3 m east of the centerline. Probe readings taken annually (Table 15)
showed an increase in the depth of thaw each season. Equal amounts of
solar radiation were absorbed by the road, the roadside and undisturbed

areas, as shown in Table 16. However, the roadside and undisturbed area




TTT————— RS At it aih atd abh Aod A S d. sl A A Anh 4

e
v
©
‘*,;I'
s
pgond
53
U Table 15. Probe observations at TAPS Road Mile 16.3.
s
;‘ﬁ Distance from Depth to permafrost (m)
Fry centerline 21 Aug 1976 9 Sep 1977 22 Aug 1978
B ) (m)
LAMA
32.5W - 0.47 0.59
Ca 29.5w 0.50 0.53 0.62
*;‘Q 26.5W 0.60 1.17 0. 80
v 23.4W 1.76 >1.19 2.00
it 204w 1.23 >1.19 1.79
R 19.0w 0.87 1.04 1.20
17.3wW 0.98 1.14 1.25
"("i' 14.4W 1.07 >1.19 1.58
i 11.3w 1.06 >1.19 1.67
:Q:Q:‘ 9.0W 0092 >1019 -
e 10.2E 1,07 >1.19 1.42
s 13,38 1.25 >1.19 1.76
' 16.3F 1.63* >1.19 1.68
‘."" 19.3E 1008 >1.19 1.46
~- X 22,3E 0.65 0.66 0.67
L 23.9E - 0.64 0.66
ot 25.1E 0.62 0.69 0.67
o 489 287
[l
Averages: West 1.00 Insufficient 1.28
‘f East 1.05 data 1.19
p ¥ All 1.02 1.24
3 ;.; *Approximately 5 cm water at surface.
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e Table 16. Radiation measurements at TAPS
KL Road Mile 16.3 (9 September 1977).
)
[}
P4
Iy Radiation (Btu/ft2-hr)
P Incident Reflected
",
Neg Road 120 25
‘o Roadside 120 28
3’1
A Undisturbed 120 15
e o
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had the highest and lowest reflected radiation values, respectively.
Surface temperatures adjacent to the road were lower because of evapora-

tion, evapotranspiration and the insulating effect of the vegetation.

TAPS Road Mile 50.7

w
A .0‘*0“.0 .

Figure 33 1is a map of this test site, showing the pipeline route and
the Yukon River. This site (Fig. 34) was selected for study in June 1970
and has been monitored annually. This section of road is located in a
relatively flat area. The trees and vegetation were disturbed during
construction for a width of only about 6 m beyond the toe of the slope on
each side of the road embankment. Approximately 1.5 m of fill was used in
the construction of the roadway. Data collected during 1970 to 1975 were
summarized by Berg and Smith (1976).

A temporary benchmark was established in 1970. The TBM is the top of
a spike in a stump of a spruce 10 cm in diameter, 50.3 m left of station
2710+00.

road.

It has an elevation of 357.0]1 m and is on the north side of the
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Figure 33. TAPS Road mile 50.7 test site
location.
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Figure 36. Surface elevations and thaw depths,
1976 and 1978, TAPS Road mile 50.7.

A plan view indicating the original road edges and the toes of slope
is shown in Figure 35. During this phase of the study, surface elevations
were measured on the cross section only on 21 August 1976, 3 September
1977 and 20 August 1978. Figure 36 shows the 1976 and 1978 surface eleva-
tions and thaw depths; in general, the 1977 elevations are midway between
those for 1976 and 1978. During this two-year period, the settlement of
the surface was relatively uniform across the entire cross section, averag-
ing about 10 cm. Thaw depths on the north side of the embankment lowered
somewhat more than the surface did, especially near the north toe of
slope. There were not enough probings on the south side to allow compari-

son of the two years' data.
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Figure 37 shows surface elevations for 1970, 1975 and 1978, and the

F ALY

Eﬁt 1976 and 1978 thaw depths. Settlement of the road embankment was relative-
gt

* ly uniform and averaged about 0.4 m over the eight-year period. The width
K of the road surface was reduced to some extent, probably due to periodic
b grading work, particularly along the side slopes. It appears unlikely that
[}

: ; new material was added to the road surface, but material may have been

i brought up to the road surface from the side slopes. Field notes indicate
l‘;;:: this may have occurred in 1976 and could have resulted in raising the road
X
}:“1':‘ surface by several centimeters. Settlement outside the road embankment
kaﬁ during 1970 to 1978 appears to have been somewhat less than that for the
A
il embankment, averaging as little as 0.2 m.
5y
g
!." Approx. Limits
:""' of Surface Disturbance »

Q:"[' 359— b - -
440 e, :

R HAug'70 zz/Aug"/e
. _ 3581— -
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DN Figure 37. Surface elevations and thaw depths,
1970-1978, TAPS Road mile 50.7.

i

,' f Cone penetrometer and probe measurements (Tables 17 and 18) were

Y

:n‘ obtained at the same time the level survey was conducted. Penetrometer

LA )

y tests were not performed between 9.3 m north and 8.6 m south of the center-
3 - line because of rocky conditions in this area. Permafrost existed at 46 cm
1
gﬂ, below the gravel surface at 16.7 m south of the centerline. The highest
ﬁi probe reading during the 1978 survey was at the slope toe 9.3 m north.
bt i
—_— 01d Man Airfield
\'\

g;l: 0ld Man Airfield is approximately 17 km south of the Arctic Circle and

Bl

V. : located in the subarctic region of Alaska (Fig. 1). It was built primarily

N hY
e as a landing strip for planes transporting pipeline equipment during con-

¢ struction of the trans-Alaska pipeline. R
o -
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o
a‘:,::: |'
o 2
‘;5; Table 17. Cone penetrometer measurements at TAPS .x
o Road Mile 50.7 (3 September 1977). :
‘2!
el Dist.
a%ﬁ from Soil strength (psi)
W j centerline 0 15 30 46 cm
'.’ ( m)
) ':"
I 22.0N 0 70 80 80
oy 14.3N 0 120 120 90
% 11.2N* 0 90 160 140
! 13.08 0 120 180 150
} 1 16.7s 0 110 130 pft
AN
Average: 0 102 134 115

t
&x * Soil strength between 9.3N and 8.6S could not be measured because the
{&i surface was too rocky.

t t Permafrost.

falty

Sl Table 18. Probe observations at TAPS Road Mile 50.7,
‘“ -
B S
,“ NDist.
i, from Depth to permafrost (m)

centerline 21 Aug. 1976 "3 Sept 1977 22 Aug. 1978

‘W39 (m)
!‘Q‘
A 22,0N 0. 54 0.56 0.52
=0 143N 0.65 0.75 0.72
"y 11.2N 0.76 1.09 0.92
' 9.3N (Toe) 0.93 >1.19 1.24
v 8.6S (Toe) 1.41 >1.19 -—-
?L‘ 10.08 1.50 -—= ——
v 13.08 0.65 0.74 0.76
;fﬁ 16.75 e 0.49 .52
BN

Figure 38 shows the airfield runway and the general location of the

two test sites at runway stations 14+00 and 36+00, east and west sites,
respectively. Figure 39 shows surface conditions at the sites, and Figure
40 shows plan views of these test sections indicating original runway edges
and toes of slopes of the runway embankment.

For the west test section a temporary benchmark was established in the
fall 1976 survey. The tagged benchmark is the top of a stake on the north
side of the runway, and since an exact elevation could not be determined,
an elevation of 30.48 m was assigned for producing the profiles and cross

gsections. For the east test section the temporary benchmark is the top of
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b. East site, looking west from the cross section along the
north side of the runway. Note the cracks along the runway
edge, probably caused by the settlement at the toe area.
Also note the surface water along the toe.

c. East site, looking north from the north side of the run-
way along the cross section. Surface water i{s visible at
the toe.

Figure 39 (cont'd). Old Man Airfield east and west sites.
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d. West site, looking south from 6 m north of the runway
edge on the cross section line.

-

il
A
\d

»

2
l'

s

-

e. West site, looking north from 6 m south of the north
edge of the runway on the cross section line. Note the
surface water at the toe.
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Figure 39 (cont'd).
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Figure 40. Plan view of the 0ld Man Afirfield test sites.

a stake on the north side of the runway and has an assigned elevation of
30.48 m.

The nearest NGS benchmark, stamped N160 174, is 50.1 km south along
the Haul Road from the junction of the entrance road at Pump Station 5 and
was established in August 1975. It is 0.8 km southeast of the southeast
entrance road to 0ld Man Camp, 1.2 km northwest of the bridge over the
Kanuti River, 24.8 m southwest of the centerline of the road, and about
0.3 m lower than the road surface. It is a disk on a copper-coated rod
driven to a depth of 4.88 ms The disk projects 18 cm above the ground.

Surveys of centerline profiles and cross section surface elevations
were conducted on 21 August 1976, 5 September 1977, and 23 August 1978.
Figure 41 compares surface elevations recorded in 1976 and 1978 for the
centerline profile at the east site (87-1E) and for the runway cross sec-~
tion (station 14+00). It appears that considerable settlement had occurred

at this site, but movement of the benchmark between 1977 and 1978 was prob-
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o Figure 41. Surface elevations of the east ey
{ji site, 01d Man Airfield. The upper drawing :ﬁ

) is the centerline profile; the lower draw~ 2y
Q? ing is the cross section at runway station ?ﬁ
: 14+00. -
: &
Qs ably responsible for most of the difference. However, even allowing for \ji
) v 8
f' the benchmark movement, it is obvious that some settlement occurred in the ;%'
[ Al
wt north toe area, and the elevation of the depth of thaw lowered a
Q: corresponding amount. The natural ground surface slopes very gradually :é
a from north to south, and surface water flows to the northern edge of the »ﬁﬁ
A .

s runway embankment and to a culvert located west of the west site. The :N3
W i
b existence of surface water (Fig. 39b) along the north toe is the most

ﬁ likely reason for the thaw and settlement there. The elevations recorded 5j

] "
3, for 1977 (except for the north toe area) showed only a small amount of ;}f
I - -
%{ settlement, and at least part of this settlement may be attributable to -
LY A
¥ regrading operations performed annually on the gravel surface.

W In the west test section, little distinguishable settlement occurred
N during the two years except in the north toe area. The surface elevations
KT recorded for 1978 are shown in Figure 42 along with the 1976 elevations in
b
= the north toe area and depth of thaw elevations for 1976 and 1978, As at
o the east site, the existence of surface water is the most likely cause of
i

the subsidence in the north toe area.
?‘ Cone penetrometer measurements performed at the east and west test
\
i gsites are shown in Table 19. Permafrost existed at a depth of 46 cm for
»w points 39.1 and 56.9 m south of the centerline of the east end test
3
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Table 19. Cone penetrometer measurements SN
at 01d Man Airfield (2 September 1977). t"'
R
Dist. -
from k
centerline Soil strength (psi) IR
(m) 0 15 30 46 cm ::'\ <
Eastern Site PRl
60.3N 0 100 40 80 o4y,
50.7N 0 40 30 80 )
31.7N 0 80 20 20 .
29.2N (Toe) 0 140 100 140 IS
32.18 (Toe) 20 60 70 120 w‘«_‘;-’,:
39.18 0 60 70 pE* Yy
48,48 0 0 40 50 h
56.98 10 150 160 pf ~
Average: 4 79 66 82 ped)
. ‘r
O]
aea!
Western Site I
67.2N 30 50 80 pf -
51.6N 10 30 40 pf o~y
41.5N 0 40 60 60 N
32.1N (Toe) 0 30 80 water j.\'
33.95 (Toe) Too much gravel s
44,68 30 60 180 160 L
58.5S 30 55 150 160 —
75.98 0 10 50 50 ey
Average: 14 39 91 108 .
el
* Permafrost. oY
;
1
.J ‘u(‘
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‘ Table 20. Probe observations at 0ld Man Airfield. :
? Dist. W4
; from Depth to permafrost (m) N
X centerline 21 Aug. 1976 2 Sept. 1977 23 Aug. 1978 ]
(m) =
! Eastern Site $ .
;l 6003N 0071+0003 HZO 0051 0045 .‘.* 3
x: 50.7N 0.50+0.06 H,0 0.48 0.32 s
5 31.7N 0.61+0.03 H,0 0.66 0.65 oA
! 29.2N (Toe) 0.82 0.94 0.98 J
32.1S (Toe) 0.61 0.72 0.75 ==,
¥ 39.18 0.34 0.39 0.44
3 48.4S 0.36 0.51 0.45 3 "“tf
A 56.95 0.32 0.42 0.37 ;}_
) .
: Western Site !
. 51.6N 0.38 0.41 0.42 Tt
; 32.1N (Toe)  0.79+0.05 H,0 0.89 0.89 Ao
: 33.9S (Toe) 0.70 0.77 0.80 ;:!':
| 44 .6S 0.46 0.49 0.54 é;,:,;
' 58.5S (Edge B
disturbed area) 0.41 0.52 0.45 S
75.95 0.51 0.58 0.53 ho%e
i AT
, ::\::
B Kede
i Table 21. Radiation measurements at 0ld Man Airfield (2 September 1977). : Vi
3 { M MY
' Radiation (Btu/ft°~hr) '.'.;
: Location Incident Reflected Albedo o
' o
! Runway 100 27 0.27 +3
' Disturbed (stripped) 100 12 0.12 »‘- N
Undisturbed 100 15 0.15 =
S
[ 'M;"
¢ $ ‘.':
. section and points 51.6 and 67.2 m north of the centerline of the west test :;
. section. 1In general, penetrometer readings on the south side increased '::E:‘
. KN
with depth but on the north side tended to be somewhat erratic because of :‘A
the wet conditions there. Both test sections showed lower penetrometer f-f
: readings than at sites south of this area. '.-:
. e
D Yearly measurements of thaw depth adjacent to the runway test sections ““'
[ AN
are given in Table 20. The depths did not vary significantly from year to _
: year and were generally less than at sites south of 0ld Man. This differ- :s::f::
b 'l
3 ence was expected, since the southern test sites receive more incident ::::::0:
(WM
radiation than the northern test sites. Incident and reflected radiation ':::::::
L
measurements for the west end of the runway are listed in Table 21. As =t
] expected, the disturbed areas showed the lowest reflected radiation values :'.t 1’:
¢
b and the runway surface showed the highest. :: y
S
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Figure 43. Prospect Airfield test site location. j_-,"\:x:
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Prospect Airfield --ﬁ-.
Figure 43 shows the location of Prospect Airfield. It is approxi-
mately 32 km north of the Arctic Circle and is situated in a continuous -.\
! '-","
) permafrost region. The airfield was constructed and temporarily used for 7'.}\
ROCS
flying in equipment for the trans-Alaska pipeline. Two sections were -""'&
studied (Fig. 44). .
23

.
oy ’0..:0..’..."..’.‘” .&.“l 1.’0.)‘..'6‘ ’ ’. ij(‘ ? "9' * ‘)‘:*'* J'.’( f. 0 .‘.*'Y -: “f*(\r -"(sf 4] ‘ ':M'I" N \ .‘: LT |~“
AN 6 ' 5 i)

J COALBDADALAIR - X
n,i R :,hu. lh, nmu,s;a ll.‘n.J .“,, 'nl".l(,.“l.' l"'q‘. i'm, A xe “!a ‘.‘”‘”

&



a. North site, looking north along the east side from the
cross section of the site.

'L.
g
[) s
\:;
K" b. North site, looking north along the west side from the
‘o cross section of the site.

Figure 44. Prospect Airfield north and south sites.
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c. South site, looking north along the west side from the :

cross section of the site. Note the minor amount of water

in this ditch, though some erosion and sloughing of the t:
shoulder has occurred. 4

-
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A
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d. South site, looking north along the east side from the ::f
cross section of the site. Note the isolated pools of g

water in the ditch and the relatively little sloughing or -y

erosion of the shoulder.

» N
':{ Figure 44 (cont'd). Prospect Airfield north and south sites. :;
o, .~
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e. Large depression in the runway shoulder on the east side
5 about 50 m south of the south site caused by an uncorrected
8 drainage problem.
[- Figure 44 (cont'd).
$ For the northern section the temporary benchmark is the top of a stake
(
p on the west side of the north end of the runway. It was established during
{ the fall 1976 survey, and an elevation of 30.48 m was assigned since the
L}
actual elevation was not determined. For the southern section a temporary
s benchmark was established during the fall 1976 survey. It is the top of a
)
K yellow stake on the west side of the runway. An exact elevation was unot
R
Q known, so an elevation of 30.48 m was assigned to the TBM for use in
producing the cross section and profiles.
z
[ The nearest NGS benchmark, stamped W152 1974, was established in July
) 1975. It is located l.13 km north along the Haul Road from the junction of
:: the entrance road at Punp Station 5, at the junction of a road leading
northwest, 32 m northwest of the centerline of the road, about 76 cm lower
¢
‘3 than the highway. 1t is a disk on the top of a copper-coated rod driven to
A
2 a depth of 2.4 m; the disk projects 18 cm above the ground.
. Shown in Figure 45 are plan views of the north and south test sections

indicating the centerlines of the runway and ditches, the runway edges,
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Figure 45. Plan views of the Prospect Airfield
test sites.
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ky
and the toes of slopes. A new toe was recorded during September 1977 on :
-
the northern test site 34.16 m west of the runway centerline, 1.0 m east of o

the original toe of 1976. (This new location 1s not shown on the plan view

in Figure 45.) )
Level surveys were conducted on 20 August 1976, 1 September 1977 and :2
23 August 1978. At the northern site, observations showed no settlement of Cf
the runway embankment itself, although some minor settlement of the should- {
ﬁqﬁ ers did occur and the west bank of the west ditch subsided up to about 0.3 ?
8 )
pl m during the two-year period. Both settlements were most likely the result y
\Ch .
&Qy of yearly deepening of thaw induced by surface water drainage along the !
Sy ?
e ditches. Figure 46 shows the surface elevations recorded in 1978 for both it
St the cross section at station 36+00 and the centerline profile 60 m on v
A
W either side of that station. Also shown on the west side of the cross
§E} section are the 1976 elevations of the ditch bank and westward and the 1976
gai and 1978 depth of thaw points in that area. !
o~ At the southern site the same lack of settlement was observed, again #
.‘fq with the exception that the shoulders showed some settlement due to influ- )
k)
iﬁg ence of ditch drainage. The settlement of the west shoulder was greater o
15¢ .
R than the east, reaching about 0.3 m at the west edge, probably as a result h
-, h it
A%d ;
3 32— SQUTH NORTH =
. o L Sta. 36+00 i !
3 | 2
I'u. 30— ] — .-
, [N I TS WO NN [SUSE SN PR TN SN WO NN WA OO NS N S M -
. 100 80 60 40 20 0 20 40 &0 80 o)
:'. M z Distance from Runway Sta. 36+00 (m) K
(. £ .
‘l > c -
s‘ 3 o 32 v
Ly = o
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Oy w30 b
i o ot - .
.,-_‘..»! _Thaw Depth ] .:_
N el L o Lo Loy Lo by b Loy g 2
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‘f_ Distonce from Runwoy t (m)
_r\ W\
;:¢: Figure 46. Surface elevations, north site, Prospect Ny
) j& Airfield. The upper graph shows the elevations on N,
s the centerline profile, 23 August 1978; the lower -
id graph shows the elevations on the cross section, run- .
way station 36+00. -
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2";: Figure 47. Surface elevations, south site, Pro- ¢
':o'. spect Alrfield. The upper graph shows the ele- \Y
1:::« vations on the centerline profile, 23 August 1978; N
‘:nz:: the lower graph shows the elevations on the cross .:t
e section, runway statioan 14+00. %
;:'.:n -,
& . Table 22. Cone penetrometer measurements at Prospect Airfield N
‘; 0y (1 September 1977). _-
j;‘l ; Dist. f
from Soil strength (psi) N
A centerline 0 15 30 46 cm hy
“ ] (m) ‘-}
3 <
:' : Northern Site }:
da 99.0W 0 40 50 180 bt
, 90.8W (Clearing O 20 40 50
-',n limit)*
o 87.0E (Clearing 0 20 40 100 )
Pl limit) ;
e 95.1E (East 0 20 40 pft 5
Rt stake) _ . . i o:
el Average: 0 25 43 110
“:9' ’
R/
:;\:é Southern Site ¢
i 63.3W 0 30 50 90 § ‘
' 87.8E 10 60 90 180 \
91.3E 0 20 50 100
Wy - - - -
o Average: 3 37 77 123 o
:nf‘z :‘
::',:o .
‘:.'s: *Soil strength between 69.8W and 81.3E on the northern section and o
- 54.6W and 77.6E on the southern section could not be measured al
"0 because the surface was disturbed. —
W : tpermafrost. .
! ;
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~_:’
of greater flow in the west ditch. Figure 47 shows the elevations recorded ;‘
.'\
in 1978 for the centerline profile and the cross section at station 14+00. .:'
Also shown on the cross section are 1976 elevations at the shoulders. 3
Table 22 gives the cone penetrometer measurements taken on 1 September 7:
o
1977 for both test sections. Average penetrometer readings for the two -
sites combined at the surface and 15, 30 and 46 cm depths are 1.7, 31, 60 :{i
and 116 psi, respectively. These values are lower than the penetrometer et
Table 23. Probe observations at Prospect Airfield. Sy
Y
L
NDist. *}
from Depth to Permafrost (m) )
centerline 20 Aug. 1976 1 Sept. 1977 23 Aug. 1978
(m) i
.'\f'
Northern Site ﬁ;
99.0W 0,58 0.69 0.55 e
90.8W (Edge of clearing) 0.47 0.57 0.55 33
69.8w 0.48 0.66 0.74 |
55.8W 0.50 0.70 0.76 )
45.0W (Top) 0.58 0.85 0.87 ::i_-
44,6W (Toe) 0.90 1.17 1.06 .
39.9W (Ditch side) 1.20 >1.19 1.03 By
35.2W (Toe) 1.45+.13 K, 0 >1.19 1.35 N
34,3E (Toe) 1.13 >1.19 >1.50 .
39.0E (Ditch toe) 1.57 >1.19 —— i
40,6F (Top) 1.42 >1.19 -—— 3)
57.2E 1.70 Rocky -—- e
69.2E 1.52 >1.19 - .
71.9 0.57 0.69 ——- e,
81.3E 0.41 0.44 - ~—
86.9E (Edge of clearing) 0.60 0.64 -—- Ry
95.0F 0.38 0.43 - N,
A3
Southern Site 3
63,39 0.58 0.61 0.49 ‘
54,6W 0.59 0.60 0.57 o
48,44 0.48 0.67 0.72 -:'
39.4W (Ditch edge) 1.79 >1.19 >2.00 -
39.0W (Toe) 1.45 >1.19 >2.00 f:
36.8W (Ditch centerline) 1.30+0.12 H,0 >1.19 >2.00 pl's
35.2W (Toe) 1.20 >1.19 -—
37.3F (Ditch centerline) 0,70+0.02 K, 0 Gravel 0.65 N
40,5E (Nitch edge) 0.52 Gravel - j
54.1E 2.00 Gravel -— )
70.3E 1,37 >1.19 1.31 \j
77.6E 0.52 0.55 0.63
87.8E 0.46 0.79 0.63 =

91.3E 0.47 0.62

"""""""""""
-------
-----------------
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e, :
:\:, readings from most test sites south of Prospect. The penetrometer measure- :
) "
ﬁ:t ments in the north test section were somewhat lower than those observed at _':
O
¢ ¥
S’-" the south test area for the same depths, but the small number of tests o
o performed makes comparison difficult. .‘,.
A :“ The probe measurements (Table 23) show that the thaw was deepest at
haly
-_- the side slope toes and the ditches. In general, thaw beneath the ditches '
RIS :
s deepened during the two—-year period, but there are not sufficient data for !
4’1" a more definitive statement. No radiation measurements were recorded for g.
ik )
;s:!‘; this test site during the two years. The mean annual air temperatures for ‘:!
at Ny "
¢
::1:: 1977 and 1978 were -4.8 and -3.7°C, respectively. .::
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Dietrich Airfield

- e e e

Figure 48 shows Dietrich Airfield, the pipeline route and the Haul
Road. The airfield was built primarily for flying in equipment during the
construction of the trans-Alaska pipeline. Two sections were studied
\ (Fig. 49).
i The temporary benchmark for the north test section was established
during the fall 1976 survey. It is the top of a stake on the east side of
! the runway located near the sixth light from the north end of the runway.
An elevation of 30.48 m was assigned since the actual elevation was not
f known.
The benchmark for the south test section was NGS benchmark T156 1974,
established in July 1975. It is located 97.93 km south along the Haul Road
from the junction of the entrance road at Pump Station 4, 80.5 m south of a
91~cm metal culvert, 20.3 m west of the centerline of the highway, 75.4 m
east of the centerline of the pipeline pad, and about 1.83 m lower than the
highway; it is a disk on top of a copper—coated rod driven to a depth of
2.44 m. The disk projects 0.3 m above the ground. An elevation of 30.48 m

was assigned since the actual elevation was not known.
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a. North site, looking north along the east shoulder of the
runway. Note the shoulder cracks.

d SN
: Figure 49. Dietrich Airfield north and south sites. NS
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b. North site, looking north along the west shoulder. Note
the shoulder cracking and the service road adjacent to the
runway.

c. North site, looking north along the runway centerline ,
from the southernmost point of the centerline profile. .

Figure 49 (cont'd). Dietrich Airfield north and south sites.
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d. South site, looking east from the runway centerline along

the cross section. Note the pipeline (about 170 m from the

runway edge) and the Haul Road visible beneath the pipe (about
250 m from the runway edge).

e. South site, looking west from the

runway centerline
along the cross section.

Figure 49 (cont'd).
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Figure 50. Plan views of the test sites at
Dietrich Airfield.
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Figure 50 shows the plan views of the two test sections. Surface
elevations were measured on 19 August 1976, 31 August 1977 and 24 August
1978, Figure 51 shows the 1978 surface elevations for both the centerline
profile and the cross section at the north site, along with the 1976 eleva-
tions for the centerline profile and the same year's data on the cross
section for east and west runway toe and shoulder areas; 1976 and 1978
depth of thaw data are also shown on the cross section plot. As shown in
Figure 51, settlement along the runway centerline was not uniform, varying
from about 0.15 m, 40 m south of the cross section line to none at the line
to about 0.25 m, 40 m north of the cross section. The settlement between
1977 and 1978 was only about half of that between 1976 and 1977. Along the
cross section the only settlement occurred at the east and west toes and
shoulders. Settlement in the west toe was relatively uniform over the two-
year period, while at the east toe almost all occurred in the first year.
The lowering of the depth of thaw followed the same pattern at these two

areas.

34— 5QuTH NORTH
Sta. 38+50
32 19 Aug'76_
30 ! | | 1 | 1 ]
80 60 40 20 0 20 40 60 80

Distance from Runway Sta. 38+50 (m)

28~ @ms Thaw Depth

®iog

’6 1 ! I | L1 ]
80 60 40 20 o] 20 40 60 80

Distance trom Runway & (m)

Figure 51. Surface elevations, north site,
Dietrich Airfield. The upper graph shows
the elevations on the centerline profile;
the lower graph shows the elevation on the
cross section, station 38+50.
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Figure 52. Surface elevations, south site, ;e;.;a..
Dietrich Airfield. The upper graph shows '0:4:03
the centerline profile; the lower graph ‘0,'?‘,‘
shows the elevations on the cross section, .c:':c:::
station 6+75. el
Figure 52 presents the same data for the south site, Settlement along ‘i.\
the runway centerline was essentially uniform over the two-year period and %E
did not produce the undulations noted for the north site. Along the cross ae!
section no settlement was recorded at either toe or shoulder areas, but g
{
some lowering of the runway embankment surface occurred over the two-year :?;
) U
period, increasing in magnitude from west to east. The uniform nature of g ';:;
this settlement over the two years and the lack of shoulder toe settlement g ?'.T
suggest that the change may have resulted from periodic regrading of the Ko
f\‘u
surface, :"::,::
v
Cone penetrometer readings (Table 24) were generally higher than at :::::'*u
(SHP
the other airfields. Probe measurements were also conducted annually to ""' “
determine the depth of thaw (Table 25). The north site showed an increase ?‘;, .
AR AL
in thaw depth each year and, coupled with the settlement occurring where .*-tﬁ#
the probes were made, resulted in lowering the elevation of permafrost up 'Q:‘
4
to a maximum of about 0.4 m. Based on the limited data available, the o]
south site thaw depths showed no change. Radiation measurements were
<,
obtained in late August 1977 (Table 26); they showed no difference in the ‘f
amount of radiation absorbed and reflected by the runway, gravel and undis- §'§f
Q
turbed areas. Incident radiation values were the highest of all the test iy ﬂ,"
sites. Ol
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Table 24. Cone penetrometer measurements at Dietrich M)
Airfield (31 August 1977). -;;
4
Dist. from ’f‘
centerline Soil strength (psi) t)«, \
(m) 0 15 30 46 cm Ay
Northern Site :-_'-."
54,8E 0 130 140 80 Vet
44,0E (Edge of clearing) 0 40 80 130 L
35.1E 20 90 120 120 Ty
27.6E (Toe) 30 50 140 130 iy
47.9% (Toe) 0 130 90 140 "g:t’
52.0W 10 80 80 110 o
58,2W (Edge of clearing) 0 20 20 90 !
66. 2w 0 55 110 -
Average: 20 74 98 114 :,:—.;
Aty
Southern Site ‘::0‘1
60. OE 10 80 80 80 B
42,2E 10 30 60 90 RO
23.3E (Toe) Too many rocks
43,8W (Toe) 120 130 100 111 _y
52,4W 0 50 50 100 "etnd
62.8u _10 30 95 160 50!
Average: 30 64 77 108 g‘.":’:
. \ ]
Table 25. Probe observations at Dietrich Airfield. }-\:
it
4y
Dist. from et
centerline Depth of permafrost (m) -
(m) 19 Aug. 1976 31 Aug., 1977 24 Aug 1978 VRS
Northern Site ‘5:
s
54, 8F 0.53 0.58 0.59 ::
44,0 (Edge of clearing) 0.85 0.84 0.90 it
35.1E 0.83+0.02 H,0 0.98 0.96 T
27.6E (Toe 0.86 0.97 1.00 o
47.9W (Toe) 0.92 0.99 1.20 N
52,00 0.46 0.62 0.70 3}
58.2wW (Edge of clearing) 0.39 0.47 0.58 Ry
66,2w 0.49 0.50 0.60 Rt
Southern Site R,
60, 0F. -—= 0.43 -— :{)'5;
43,2E 0.83+0.04 H,0 0.99+0.08 H,0 --- s
28.3F (Toe) 1.13 flowing H,0 >l.12 --- R
43.8W (Toe) 0.72 0.67 0.74 o
52.4W 0.72 0.62 0.65 )
62.8w 0.59 0.55 0.55 o
£
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C‘g‘ e
" oy
:it :'.
2 3 Table 26. Radiation measurements at the northern site at : ’f
K Dietrich Airfield (31 August 1977). A
o, Radiation (Btu/ftz-hr) !".:
;3 Location Incident Reflected Albedo Iy
] Lo
1 354
: ' Runway 135 20 0.15 '3..‘_
e Gravel 135 20 0.15 b
Undisturbed 135 20 0.15 "
"N W
& ¥
hes 1
i Galbraith Lake Airfield W
R o
Figure 53 shows the location of the Galbraith Lake Airfield. This -
e airfield was also built for transporting equipment during the construction v':
X )
.‘:‘1',' of the trans-Alaska pipeline. Two sections were studied; the south site is 4
1‘\. 0
-:"‘ shown in Figure 54. No photographs are available for the north site. -
" 4
ut, Temporary benchmarks were established in the fall 1976 survey. At 4
el both test sites the tops of yellow stakes on the east side of the runway Wyt
ﬁ W ‘c

were set as benchmarks. An elevation of 30.48 m was assigned to both. Two )

A new benchmarks were established on 25 August 1978 because the original o4
E:' wh
y )
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a. Looking north from the centerline of the runway.

e e AT % TSRO AN 7 < 3 T

\ b. Looking east from the centerline of the runway along the
‘ cross section.

- Figure 54. South site, Galbraith Lake Airfield, 29 August
1977.
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Figure 55. Plan views of the Galbraith Lake Airfield test sites.
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benchmarks had moved. For the north test site the top of a bolt in the
decking of the glide slope indicator, about 106.7 m north of the cross
section and on the east side of the runway, was established as the bench-
mark. For the south test site the top of a bolt in the decking of the
glide slope indicator on the west side of the runway was used. An eleva-
tion of 30.48 m was assigned to both.

The nearest NGS benchmark, stamped A 150 1974, was established in July
1975, It is located 8.4 km north along the Haul Road from the junction of
the entrance road at Pump Station 4, 965.6 m saquth of the junction of the
entrance road to Galbraith Lake Camp, 80.47 m goutheast of the most
southerly of the three metal pipe culverts, 32,3 m northeast of the center-
line of the highway, and about 0.46 m lower than the highway; it is a disk
on the top of a copper-coated rod driven to a depth of 3.7 m. The disk
projects 0.18 m above the ground.

Figure 55 shows plan views of the test sections, indicating the runway
centerline and the edges and toes of slopes. Level surveys were conducted
on 18 August 1976, 29 August 1977 and 25 August 1978.

Figures 56 and 57 show the 1976 centerline profile and cross section
elevations for the two sites along with 1976 and 1978 depths of thaw deter-
mined by probings. Although some settlement seemed to be indicated by the
1978 data, it was so uniform across the sectiong and along the profiles
that movement of the TBMs undoubtedly is the reason for any difference.
Depth of thaw adjacent to the runway (Table 27) lowered an average of about

13 cm over the two—-year period at both sites; this is not a significant

32!'~ Sta 38+00

30+~

gl L L . _] | 1 | |
80 60 40 20 o] 20 40 60
Distance from Runway Sto 38+00 (m)

Figure 56. Surface eleva-
~wEST ¢ £AST tions, north site, Galbraith
1976 Lake Airfield. The upper
L \\\\sﬂfjf/’—_\\\~‘__—\\\\._—___ graph shows the elevations
on the centerline; the lower
— 1976 Thaw Depth ’
f3t2473 ° =20 graph shows the elevations

| 1 L I I 1
28 -
80 60 40 20 0 20 20 60 on the cross section, sta

Oistance from Runway ¢ (m) tion 38+00.
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sty on the centerline; the lower
, | . | | graph shows the elevations
0 a0 20 ) 20 4 on the cross section, sta-
Distonce from Runway £ (m) tion 14+00.

Table 27. Probe observations at Galbraith Airfield.

NDist. from
centerline Depth to permafrost (m)
(m) 18 Aug 1976 29 Aug 1977 25 Aug 1978

Northern Site
68.0W 0.51 0.57
46,7W . 0.47+0,03 B0
34,99 (Toe) 0.79
33.98 (Toe) 0.80
50.08 . 0.43
60. 6E . 0.43

Southern Site

65.5W 0.51

53.9w 0.62+0.05 H, 0
43,84 0.57

40,3w 0.69

34,.6E (Toe) -

39,0F (Edge of 0.62+0.03 H,0

gravel)
50,8F 0.67
63.4E . 0.67

amount and did not result in any noticeable settlement in toe or shoulder
areas at either site.

Cone penetrometer measurements were recorded at both the north and
the south test sections (Table 28). Both test sections showed a gradual
increase in soil strength with depth. No radiation measurements were

recorded at this test site.
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Table 28. Cone penetrometer measurements at Galbraith
Airfield (29 August 1977).

Dist. from Soil strength (psi)
centerline 15 30 46 cm

(m)
Northern Site
68.0w 90 90 80
46.7W 80 50 40
34.9% 80 120 150
33.9w -- - -
50. 0E 50 65
60. 6E 25 50

Average: 65 75

Southern Site
65.5W 80
53.9w 80
(flowing water)
43,8w 70
39.0FE (Edge of 80
gravel)
50.8E 90
63. 4% 90

Average: 82

500 ft
150m

Figur.: 58. Access Road 1l4-
APL-3 test site location.

Access Road 114-APL-3

Figure 58 is a map of this site, which {s at an access road between
the Haul Road and the pipeline workpad about 3.2 km north of Pump Station 4
and just north of the Atigun River crossing. Both the access road and the

pipeline pad were studied (Fig. 959).
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a. Looking east along the centerline of the access road
from the centerline of the Haul Road. Note the grading
operations in progress, creating gravel berms at the edge
of the roads.

L
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b. Looking south along the east shoulder of the Haul Road
toward the intersection with the access road.

Figure 59. Access Road 114-APL-3 site, 29 August 1977.
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Figure 60. Plan view of the Access Road 11l4-
APL-3 site.
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Figure 61. Surface elevations on cross sec-
tion A-A, pipeline workpad, Access Road 11l4-
APL-3.

The vertical control monument stamped Al168 1975, set at an elevation
of 818.03 m, was established by NGS in July 1975. It is 3.4 km north along
the Haul Road from the junction of the entrance road at Pump Station 4,
321.9 m north of a bridge over the Atigun River, at the T junction of a
graveled road (114-APL-3) leading east,

the Haul Road, and about 15 cm lower than the highway; it is a disk on the

23.5 m east of the centerline of
top of a copper-coated rod driven to a depth of 1.5 m, The disk projects

15 cm above the ground.
A plan view of the area is given in Figure 60.
conducted on 18 August 1976, 29 August 1977 and 25 August 1978.

Level surveys were

Figure 61 shows the 1978 surface elevations for section A-A across the

pipeline pad at about midway between vertical support members (VSM) 175 and
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A

S *q
Y ~
N 3
N N
Yy 2! N
{3 Table 29. Probe observations at Access Road 114-APL-3, ﬁ-&
&2 ]
< Dist. from o
w centerline Depth to permafrost (m) o
. (m) 18 Aug 1976 29 Aug 1977 25 Aug 1978 i
{'\' ;',-"
¥ Pipeline pad cross section (A-A) -
! 45.8E 0.61 0.72 0.78 bp
s:g,: 10.0W (Toe) 0.43 0.65 0.67 -
Ly 12.0E (Toe) 0.90 0.95 0.98 i
. 14.2E 0.60 0.72 0.69 N
o 25.0E 0.60 0.74 0.76 ;
s \
i q Average 0.63 0.76 0.78 '
o )
e Access Road cross section (B-B)
. 24.8s 0.40 0.53 0.55 [ _
) 17.68 0.55 0.64 0.63
L7y 7.45 (Toe) 0.59 0.81 1.00
o 6.1N (Toe) 0.59 0.77 0.90 ‘
o 20.4N 0.71 0.76 0.79 <
ek 34.IN 0.50 0.60 0.67
[ Average 0.56 0.68 0.76 Ao
"-_J‘ ‘}'
o v}
<y o
»'f,-,; 176, 24.8 m south of the access road centerline. Also shown are 1976 :‘\.
. elevations from the west toe to 25.0 m east of the pad centerline and 1976 pe
_‘-: and 1978 depth of thaw points (Table 29). The reshaping of the pipeline ;
IJ :.‘1
,{_&‘ pad occurred prior to the 1977 survey. The 1977 and 1978 elevations show ;,}"
» S‘A.

;

only minor differences, and the only settlement observed was east of the

s v e
[
P

pad, occurring between the 1976 and 1977 surveys. The depth of thaw

::;‘ adjacent to the pad increased an average of 15 cm in the two-year period,
o with most occurring in the first year, A;
;:‘ Figure 62 shows 1976 and 1978 surface elevations on the access road %

) cross section (section B-B) and centerline profile (section C~C). Also i
:);:' shown are depth of thaw points on the cross section for 1976 and 1978. The ,::j
'%: change in the elevations of the eastern half of the centerline profile :::j
i: occurred between the 1976 and 1977 surveys and resulted from the need to E\
-' raise the road to meet the higher level of the pipeline pad (Fig. 61). The -
",: apparent settlement along the western half of the profile occurred after 'f
'.\ the 1977 survey and is attributable to work in progress at the time of that Rt

survey. The surface elevation changes shown in Figure 62 for the road
embankment are a result of regrading work over the two-year period, while

the settlement shown from the north toe outward most likely resulted from
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Figure 62. Surface elevations, Access Road
114-APL-3. The upper graph shows the center-
line profile (Section C-C); the lower graph
shows the elevations on cross section B-B.

Table 30. Cone penetrometer measurements at Access Road
114-APL-3 (30 August 1977).

Dist. from
Pipeline Pad Soil strength (psi)
centerline 15 30

(m)

~

ar

5 \‘
o)
W

S

-

?

Pipeline pad cross section (A-A)
45,8w 0 130 170
10.0W (Toe) O 120 160
12.0E (Toe) 20 130 240
14.2E 10 120 280
25,0E 10 100 160

Access Road cross section (B-B)
24,88 150 140
17.68 80 95
6.1IN 140 140
20, 4N 180 180
34, IN 110 70

Average 126 164
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the increase in the depth of thaw in that area. The increase in the depth
of thaw along this cross section (Table 29) averaged 20 cm but was greatest
under the embankment toes.

Cone penetrometer measurements were made at the site on 30 August 1977
(Table 30). The average values were the highest of all the test sites
presented in this report, with the maximum recorded readings at 12.0 and

14.2 m east of the pipeline pad centerline.

Insulated Pipeline Workpad

s

” A EY a . ‘r -' « o, W ® e o -f.. o« ' o« ™ B S 2 VIR L TR S
o T B S I S N I T S
d'&. AALANN n'!'l*r. -&:‘H. hy hy 'ki . ;m 't ,&t\'{\{i " 't‘; Kt

Figure 63 shows the location of this test site. It 18 an above-ground
pipeline workpad (Fig. 64) containing an estimated 10-cm layer of extruded
polystyrene insulation about 30-38 cm below the surface to slow or prevent
thaw of the subgrade. The depth of fill placed above natural ground
surface, including insulation, appears to be shallow, averaging only about
0.5 me An Alyeska Pipeline Service Company benchmark of unknown elevation
was used for vertical control at this site, with an elevation of 30.48 m
assigned to it. The benchmark i1s located on the cross section 19 m west of
the workpad centerline. Figure 65 is a plan view of the site.

Level surveys along with thaw depth probings (Table 31) were performed
at the site on 18 August 1976, 28 August 1977 and 25 August 1978. Shown 1in
Figure 66 are 1976 and 1978 surface elevations on the workpad cross section
and on the longitudinal profile 6.1 m east of the workpad centerline. In
addition, 1976 and 1978 thaw depths are shown on the cross section plot.
The exaggerated scale of Figure 66 (1 unit vertical vs 5 horizontal) gives

Table 31. Probe observations at the insulated pipeline workpad.

Dist. from

centerline Depth to permafrost (m)
(m) 18 Aug 1976 28 Aug 1977 25 Aug 1978
45,00 0.25 0.30 0.29
31.3w 0.55 0.58 0.60
16.5W 0.43 0.48 0.50
13.4W (Toe) 0.63 0.72 0.74
12,7W (Edge) 0.89 -~ -
11.98 (Edge) 0.94 - -——-
12,8E (Toe) 0.57 0.56 0.65
22,1E 0.44 0.41 0.44
30.88 0.44 0.44 0.42
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; o
N the effect of a moderate slope, whereas the true slope is only 4% from west &%:
ot
g; to east and less than 2% north to south, Figure 66 shows a small, almost ~ :

»
-

uniform, settlement from the west toe outward on the cross section, averag-

. g
ey

b ing about 8 cm, with a corresponding lowering of the thaw depth, all of "N
: N
Y, which occurred in the first year. Thaw depths on the east side showed only é"
1,

g. minor fluctuations over the two-year period. Some settlement or sloughing -2\
A )

2 of the workpad shoulders appears to have occurred, also in the first year,

»x but most of this apparent movement probably resulted from surface grading q
f AL
ﬁ: operations. In Figure 66, some differential settlement is indicated along :ﬁ‘
“ :
_¢: the profile 6.1 m east of the workpad centerline, reaching a maximum of 4??
e ot
about 30 cm about 1 m south of the cross section (A~A). About half of this N h
0 differential settlement occurred during the first year. It is unlikely, ﬁﬁf
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Table 32. Cone penetrometer measurements at the insulated

v el e e -

pipeline workpad (28 August 1977). $$k
{8
Dist. from Soil strength (psi) o
N centerline 0 15 30 46 cm o
4 (m ) !;::_-L..' .
‘ '\_,'\-:{ ; ‘
h 45,0w 0 80 - - RO
31.3w 0 50 100 140
. 16.5w 20 60 140 -
B 13.4W (Toe) O 30 140 160
$ 12.8E (Toe) O 30 170 -
& 22.1E 0 60 80 -—
i 30.8E 0 80 130 -_
. Average 3 56 127 150
]
W though possible, that this settlement resulted from surface grading opera-
|
r tions, but since practically all of it occurred some distance from the

cross section, there are no data to permit a conclusion.
No radiation measurements were made at this gite. Cone penetration

measurements were taken at the site on 28 August 1977 (Table 32).

Access Road-133-APL-1

A Figure 67 shows the location of this site, an access road connecting
) the Haul Road and the pipeline (Fig. 68). The road fill is gravel averag-
! ing about 1 m in height. Figure 69 is a plan view of the test site showing
the location of the centerline profile (A-A) and the cross section (B-B).
: The NGS benchmark stamped W146 1974 1is located 15.7 km north along the
: Haul Road from the junction of the north entrance road at Franklin Bluffs
X Camp, 80.5 m south of the junction of a graveled road leading east, 37.8 m
east of the centerline of the highway, and about 1.07 m lower than the
highway; it is a disk on the top of a copper-coated rod driven to a depth
of 2.44 m and projecting 21 cm above the ground surface. 1Its elevation was
established as 78.71 m.

Surface elevations were measured and probings for depth of thaw (Table
33) performed on 17 August 1976, 27 August 1977 and 26 August 1978, Cone
penetrometer tests and radiation measurements were not performed at this

T o o d

- -

site.
Figure 70 shows the surface elevations along the centerline profile
3 (A-A) and the cross section (B-B) and thaw depths beneath the cross section :??
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Figure 67. Access Road 133-
APL-1 test site location.
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Figure 68. Access Road 133-APL-1 site, 17 August 1976.
Looking north from the Haul Road toward the intersection
with the access road.
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z Not toScate Road plan view, site 133-APL-1.
. Table 33. Probe observations at Access Road 133~APL-1, Section B-B.
X

\_~

2 Dist. from

{ Access Road

. centerline Depth to permafrost (m)
‘ (m) 17 Aug. 1976 27 Aug. 1977 26 Aug. 1978

*n
o 58.18 0.65 . 0.69 0.69
oy 35.8S 0.60 0.64 0.63
o, 10.1S (Toe) 0.73 0.76 0.81

. 8.6N (Toe) 0.64 0.69 0.76

“ 19,5N 0.53 0.62 0.53

»% 30, 1IN 0.57 0.62 0.58
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5$$ APL-1. The upper graph shows the elevations on h:
ﬂ%' the centerline profile (A-A); the lower graph y
DA shows the elevations on cross section B-B. .
fe v
1
:ﬁku for 1976 and 1978. A small, uniform amount of settlement, averaging >
Lh )" )
:5$3 perhaps 3 or 4 cm, occurred from the south road toe outward, with a N
3'; corresponding lowering of the thaw depth varying from about 8 cm farthest :}
out to about 12 cm at the toe. Settlement at the north toe was about 10
IR
ﬁ;‘ cm, diminishing to a negligible amount 18 m north of the toe. The thaw g
LY A
,ﬁig depth at the north toe lowered about 20 cm, and this rapidly decreased with %
L {
?%E distance from the toe. Essentially all settlement and lowering of the thaw ,?
i
depth occurred in the first year. Variations in elevation across the
:é%ﬁ embankment and along the centerline profile from 1976 to 1978 are the N
&}{ result of grading operations during the two-year period.
A
ukﬁ h
DISCUSSION
'?ﬁ‘ y
3h¥ The results of thils three-year environmental englneering investigation N
3, .
zé of roads, pipeline workpads and airfield test sites initiated in the spring :;
L "]
.521 of 1976 have contributed to determining under which conditions and at what Ny
— rate thaw penetrates into the underlying permafrost and conversely the rise
Ib.‘|4 A
’sah of the permafrost table into the active base layer. {
‘gsg Thaw penetration depths measured adjacent to the test sites in the 4
"e. & '
i summer of 1977 were generally slightly greater for all subarctic test sites ]
oy than those measured in 1976. This trend is primarily attributed to the .
e )
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higher air thawing indexes during 1977 at the test sites south of Atigun
Pass (i.e. the division between the arctic climatic zone to the north and
the subarctic zone to the south).

Thaw penetration measured in 1978 was generally greater than the 1977
thawing season beneath most test sites, even though the thawing index was
greater in 1977 than in 1978. Because the thaw next to the test sites in
the undisturbed areas is less than the thaw in the original soils beneath
these construction systems, continued settlement has occurred along the
embankments. According to the annual observations, most thaw depth varia-
tions in the undisturbed areas were related to the air thawing indexes, the
amount of incident radiation, and the water content of the soil. Depths of
thaw beneath the gravel surface of all test sites and the air thawing
indexes decreased from south to north. The magnitude of surface modifica-
tions of thaw regimes adjacent to the road under the various climatic
conditions was established. Experience with road and airfield construction
in these unique, cold-dominated regions has shown that modifying the
surface with almost any type of road system results in thermal regime
changes in the underlying soil (Mackay 1970).

Within the first year after completion of Haul Road, airfield and
pipeline workpad construction, the permafrost table beneath most of the
side slopes rose. After a few years most of these gravel surfaces subsided
because of consolidation of the mostly thawed, previously existing active
layer. Road-grading operations have resulted in the toe.moving outward
slightly and the edge of the shoulder moving inward toward the centerline.
Because of greater thawing beneath the side slopes, they have subsided more
than the trafficked portion of the embankment. Thaw subsidence has caused
the trafficked surface to become narrower as the side slopes become wider
and flatter., Since the rate of permafrost degradation and resulting thaw
settlement has decreased annually, the thermal regime at most sites appears

to be stabilizing.

RECOMMENDATIONS

Recommendations for improved design criteria specifications governing
construction and restoration in a wide range of climatic and permafrost

conditions in Alaska are as follows:
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:{ 1) Vertical control monuments should be installed at the test sites

22 where benchmarks have moved due to winter frost action. Annual N :
comparisons of the cross sections and centerline profiles can *5)

?ﬁ then be accurately made. 2?

:5 2) Future level surveys should be performed to obtain additional ;:i

g‘ data necessary to increase knowledge of construction systems %;ﬂ

e’
-

under the different seasonal climatic regimes.

»
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-
-

>, “.5',-.'5:;

ﬁ 3) Grading should be done to remove any gravel berms remaining on

r'y

:& the workpad, roadway and runway edges that would inhibit lateral
1 W
&: runoff of water to roadside slopes and edges. és:
. (0L
4) Runoff water that ponds on the tundra adjacent to the roadway,
:‘ workpad and airfield embankment should be avoided. ff'
W) Byt
t*| .._-__. 4
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