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1.0 INTROD N

Oil and gas exploration in the Beaufort Sea has recently led to the recovery of geological
and geotechnical information previously unavailable. One area of particular interest to
geologists has been related to offshore permafrost. It has been speculated by many that
geothermal modelling of present day temperature profiles in offshore permafrost could lead
to other means of simulating geological history. An event of relatively recent geological
history involving offshore permafrost in the Beaufort area is marine transgression. It has
been well documented that much of the Beaufort Shelf was above the occan and formed in
a non-marine environment. It is only in relatively recent geological times that these areas
have been inundated by the Beaufort Sea. Mean surface temperatures before submergence
have been estimated to be cold (i.e. -8 to -16°C) which resulted in the aggradation of
permafrost. With the subsequent submergence of these regions under water at
temperatures very near or above the freezing point of the soil, the permafrost is no longer in
equilibrium and is, therefore, considered relict and is likely degradin g.

The scope of work of this study was to model this recent marine transgression and produce
two benchmark runs matching measured temperature profiles at two wellsites; An gasak and
Amauligak located off the coast line of Tuktoyaktuk Peninsula as shown in Figure 1. The
results of this modelling and a brief overview of the problem layout are discussed in the
following sections.

2.0 PROBLEM QUTLINE

The presence of deep permafrost below the Beaufort Shelf can only be explained by past
exposure to very cold mean ground surface temperatures for a very long time prior to
submergence by the Beaufort Sea. The work by Hill et al (1985) has produced a relative
sea level curve with time based on radio carbon dating which is shown in Figure 2.
Organics and peat which were deposited in a freshwater marshy environment were
identified in numerous boreholes in their study and are considered a fairly reliable
indication of the time of submergence.

Present theory suggests the offshore permafrost regions were exposed to cold surface
temperatures for a relatively short duration (i.e. 13,000 to 15,000 years). The work by
Nixon (1986), however, suggests that the time required to create the great thickness of
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TABLE 3

Angasak - Soil thermal Properti
Run Thermal Specific Initial Surface Base of Moisture Unfrozen  Freezing
No. Layers Conductivity Heat Temp. Temp. Permafrost  Content Salinity Water Point
(W/mK) Content
Parameters
(m) kf ku (O O (m) (%) (ppt) p Q (C)

MZQ-H 0-45 4.0 3.2 0.18 -12.0 -1.5 412 24 35 20 0.5 -1.8

45-850 2.1 1.8 0.18 24 22 15 0.7 -1.2
ANG-2 0-45 4.0 3.2 0.18 -12.0 -0.3 412 24 35 20 0.5 -1.8

45-850 2.1 1.8 0.18 _ 24 22 15 0.7 -1.2
ANG-3 0-45 4.0 3.2 0.18 -12.0 +0.0 412 24 35 20 0.5 -1.8

45-850 2.1 1.8 0.18 24 22 15 0.7 -1.2
ANG-4 0-45 4.0 3.2 0.18 -12.0 +0.5 412 24 - 35 20 0.5 -1.8

45-850 2.1 1.8 0.18 24 22 15 0.7 -1.2
ANG-5 0-45 4.0 3.2 0.18 -8.0 -0.3 412 24 . 35 20 0.5 -1.8

45-850 2.1 1.8 0.18 24 22 15 0.7 -1.2
ANG-6 0-45 4.0 3.2 0.18 -16.0 -0.3 412 24 35 20 0.5 -1.8

45-850 2.1 1.8 01.8 : 24 22 15 0.7 -1.2
ANG-7 0-45 4.0 3.2 0.18 -12.0 -0.3 412 24 v 35 200 0.5 -1.8

45-850 2.1 1.8 0.18 24 10 9.0 1.2 -0.5
ANG-8 0-45 4.0 3.2 0.18 -12.0 -0.3 412 24 35 0.0 10.0 -1.8

45-850 2.1 1.8 0.18 24 22 0.0 100 -1.2
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Run Specific Initial Base of Unfrozen
No. Layers Conductivity Heat Temp. Permafrost Salinity Water
Content
Parameters
(m) ku (O (m) (ppt) p Q
AMA-1 0-30 2.5 2.0 0.18 -14.0 580 30 200 0.6
30-990 2.5 2.0 0.18 10 9.0 1.2
AMA-2 0-30 2.5 2.0 0.18 -14.0 580 30 200 0.6
30-990 2.5 2.0 0.18 10 9.0 1.2
AMA-3 0-30 2.5 2.0 0.18 -10.0 580 30 200 0.6
30-990 2.5 2.0 0.18 10 9.0 1.2
AMAA4 0-30 2.5 2.5 0.18 -18.0 580 30 200 0.6
30-990 1.5 2.0 0.18 , 10 9.0 1.2
AMA-5  0-990 2.5 2.0 0.18 -14.0 580 30 20.0 0.6
AMA-6  0-990 2.5 7.0 0.18 -14.0 580 10 9.0 1.2
AMA-7 0-30 2.5 2.0 0.18 -14.0 580 30 0 10.0
30-990 2.5 2.0 0.18 10 0 10.0
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DEPTH OF FROST AT WOBURN, MASS.,AVG & EXT. YEARS
0.15m DEPTH OF SANDY CLAY COVER; w=10% in-situ

TIME (years from Janl)
0 0.5 1 15 2 2.5 3 3.5
0 v —T — —TT] FROST DEPTH

g J FROST HEAVE
a4 | for SP=80mm?2/day.C
AVn / ............
2 | |
- \ \ _
3 V V
ad)
A 06
= ‘,
g
2 /
o V

0.9

WATER CONTENT IN SANDY CLAY COVER = 22%,GAMD=100
WATER CONTENT IN IN-SITU SILTY SAND = 10%,GAM=1.44
YEAR 3 IS EXTREME FREEZING INDEX




TEMPERATURE PROFILES IN DISCONTINUOUS PERMAFROST

PREDICTED USING NIXON GEOTECH " SIMULATOR
0 _ JAN 1
MAR 1
3 ATy
m.w/ JUL 1
& S
N’
m 10 SEP 1
= | Nl
[ |
A _ NOV 1
15
20 . _ : :
-10 -5 0 5 10
TEMPERATURE (deg C)
1 foot Pcat over silt at 25% water content M%m_, _Musm,. me wm_w\i%w%%ﬂma
Mean Temp = -1.3C, mean monthly surface temps generated by 1DDP, using

and snow cover values supplied by user LOTUS GRAPHWRITER( not incl)
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GROUND TEMPERATURES IN DISCONTINUOUS PERMAFROST
WITH 0.76 m OF GRANULITE INSULATION

N

W

DEPTH (m)

s

MEAN GROUND TEMPERATURE = -1.3C
SURFACE TEMPERATURES AND SNOW COVER FROM
ARCTIC GAS REPORTS ON GEOTHERMAL ANALYSIS

TEMPERATURE (C)

'l.,”[ \M\Jp SR - .H>2 H
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