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INTRODUCTION

We understand that Conoco plans to connect drill pads B and D at
Milne Point with flow lines to carry crude pil and injection water.
As depicted on Figure 1 attached, a mile-long gravel road, constructed
approximately ten years ago, currently connects the two drill pads.
The road cross-section is nominally 4 ft thick, 30 ft wide at the
crest, and with 3:1 side slopes, although we understand it is planned
to raise the road by at least 6 1in.

Pipelines tentatively planned for the development are as follows:

Wall
Diam. Thickness
(in.) {(in.) Grade
0i1 (2) 4 0.237 Std.
Future Injection
Water Line 6 0.718 XSS

Two operating scenarics are being considered. The first 1is the
immediate flow stream with two wells pumping and combined flow rates
of 1000 BPD of oil and 500 BPD of water. Under this scenario, the
1njec£ion water line would not yet be used. The produced 0il1 and
water would be pumped through the two 4-in.-diam lines, one of which
will be used as a test line.

The second operating scenario corresponds to the long-term potential
development of wells in the area, namely a tripling of the above flow
rates for oil and water arnd pumping of 6000 BPD of fresh injection
water. Under this scenaric, a 6-in.-diam water injection 1ine will be
installed and possibly an additional 4-in. line.

Maximum expected operating temperatures are 100°F for the oil 1lines
and 80°F for the 1injection water Tline. Tie-in temperature
corresponding to summer tie-in is about 40°F.
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The usual practice on the North Slope which has evolved over the past
14 years is to elevate flow lines. This decouples the 1ines thermally
from the underlying frozen permafrost ground and provides ready
maintenance access to them. However, it alsc adds an increment of
cost, primarily for the necessary structural supports (VSM's and
crossbeams) but also because expansion loops must be provided in an
unrestrained system. For the small-diameter lines and relatively-low
flow rates planned by Conoco, it may be feasible to insulate the lines
and bury them 1in the existing road or adjacent to the road. The
purpose of the present study was to evaluate the feasibility of the
buried mode for the planned flow lines.

This report outlines our approach to the study, describes results of
interviews conducted and l1iterature reviewed, general site conditions,
insulation considerations, touches on several practical aspects, and
summarizes our conclusions and recommendations.

APPROACH

Qur approach to this initial feasibility-level evaluation was as
follows, First of all, we conducted a brief review of available
1iterature on pipelines in permafrost, thawing and thaw settlement,
insulation systems and the 1ike. Then, we 1interviewed several
knowledgeable 0il1 industry engineers to obtain their ideas on possible
configurations for a buried flow line system. We also made a brief
review of available aerial photography and subsurface information for
the Milne Point area.

Following this, we developed two promising configurations for the
buried piping considering thawing, thaw settlement, traffic loading
and accessibility. This effort included estimating required
insulation thickness, identification of likely design requirements,
and development of recommendations for design c¢riteria development.
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LITERATURE REVIEYW

Papers reviewed are listed at the end of this report. In addition,
U.S. Patent 4,181,448 dated January 1, 1980, assigned to the Atlantic
Richfield Company and entitled "Combination Roadway and Pipeline Way
in Permafrost Regions" was identified and reviewed. (A copy of this
patent is attached hereto as Appendix A.} The following paragraphs
briefly describe (1) the Alyeska fuel gasline, and (2) buried
pipelines used in the Prudhoe Bay Haterflicod project.

Constructed during the winter of 1976/77, the Alyeska fuel gas Tine
extends 147 miles from Pump Station 1 to Pump Station 4. Consisting
of uninsulated 8- and 10-inch steel pipe, the fuel gas 1line was
constructed in the buried mode parallel to the Alyeska Haul Road (now
called the "Dalton Highway"). The line was constructed off a snow
workpad at a typical distance of 15 ft from the toe of the roadway
fill slope. The ditch for the 1ine was typically excavated in the
frozen ground using a piece of equipment called 2 "Roc Saw." This
resulted in a vertical-sided ditch 18 in. wide and a depth of cover
over the pipe of about 36 in. Backfilling of the pipe was done with
select (gravel) material, except that 4 in. of styrofoam board
insulation were placed above the pipe at a depth of 12 to 15 in. below
the original ground surface.

Alyeska's fuel gas 1ine 1is basically an ambient 1ine with the gas
taking on the temperature of the ground through which it passes.
Settlement tolerances for a gas line are greater than for an oil line
as the environmental consequences of a gas leak are less severe than
those of an oil leak. Apart from some localized thermal erosion and
associated greund surface disturbance and development of one or iwo
sags which have required pipe lifts, Alyeska did not experience any
major problems with the fuel gas line during its first decade of
operations.

In 1982, several buried pipelines were designed and constructed by
ARCO Alaska, Inc. in the 2.5-mile-Tong Waterflood Causeway at Prudhoe
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Bay. The lines consisted of two seawater supply lines (40 and 36 in.
djameter) and a 10-3/4-in. gas feeder line. The Tines were placed in
conjunction with a widening and raising of the pre-existing gravel
causeway {see attached figures}. A minimum of 3.3 ft of cover was
provided over the Tines and the lines were designed for superimposed
traffic loading due to loaded gravel bhauling trucks and heavy
crawler-supporied modules.

INTERVIEWS

Three oil-industry engineers with extensive North Slope design
experience were interviewed and results of the interviews are
summarized in the following paragraphs.

Interviewee A, an engineer with Exxon Production Research Company,
felt that burial of small-diameter flow lines would be technically
feasible but may or may not be economically feasible. The reason for
this is that there are numerous insulation systems, many of which are
expensive and all of which have their drawbacks (moisture penetration
through joints, etc.). He favored a scheme similar to that depicted
in Figure 2 in the ARCO patent (place styrofoam board stock adjacent
to the road fill, lay the flow Tines on this, extend the road shoulder
out over the lines), except that he said he would also insulate the
0il 1ines by placing jacketed polyurethane on them. If possible, he
said he would keep the piping above the water tabie.

Interviewee B, an engineer with ARCO Alaska, Inc., also suggested
placing the lines at the toe of the existing road fill, except that,
instead of burying them, he said he would support the lires on timber
sleepers providing a 1-ft air space beneath the flow lines. This air
space would effectively decouple the lines thermally from the ground
such that only conventional aboveground insulation would be required
on the piping. However, for this scheme, the piping would be
unrestrained and would need anchers and expansion loops, perhaps every
1200 ft. Interviewee B said this approach was used successfully for
the Lisburne Waterflood seawater pipeline. He recomnended that
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temperature profiles be estimated along the piping, that this might
show that, beyend a certain burial Tength, the oil temperature may
drop to ambient. (Significance of this is that, for the buried mode,
only the initial portion of the line would then need to be insulated.)
For buried insulation, Interviewee B favored 4 in. of styrofoam board
stock beneath the flow lines.

Interviewee C, an engineer with Alyeska Pipeline Service Company,
recommended that, to reduce costs, Conoco consider using HDPE
(High-Density Polyethylene) pipe for all Jow-pressure lines.
Alternately, he recommended consideration be given to developing a
prefabricated jacketed ana insulated pipe bundle to contain all three
lines (perhaps in 100-ft lengths). Buried piping at the Alyeska pump
stations and terminal consisted of jacketed closed-cell polyurethane
with 3.5-pcf density and 150-mil UV-stabilized jacket. Biggest
problem with this system, which has required considerable maintenance,
has been (1) the insulation becomes water-saturated, which greatly
reduces its thermal efficiency, and (2) observed accelerated corrosion
of the steel.

SITE CONDITIONS

WCC conducted a brief review of ground/permafrost conditions along the
road connecting Pad B to Pad D as a part of this study. Our review of
availablie irnformation sources included a report on air-photo analysis
and landform soil properties along the Trans-Alaska Pipeline System by
the State of Alaska Division of Geological and Geophysical Surveys;
the December 1883 Milne Point Project Geotechnical Report which
included information from boring logs and laboratory tests, and a
review of available black and white airphotcs of the project area,
scale 1 inch = 500 ft, taken on 8/26/83.

The Milne Point area is typical of the Arctic Coastal Plain, being
transected by north-flowing streams separated by interfluves with very
Tittle relief. The most widespread features on the interfluves are
the prominent thaw Takes which have a north-northwest orientation.
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Soil stratigraphy in the area is limited toc three distinct layers
which vary substantially in thickness. A surficial, low-density,
ice-rich organic soil layer ranges from 0 to 6.5 ft, with a median
thickness of 2.5 ft. Underlying the organics is an ice-rich, silty
fine sand, SM or SP-SM. The bottom of this low-density silty sand
layer ranges from 8 ft to 26 ft in depth with a median depth of
17.5 ft. Below the silty sand is a dense gravelly sand, SW or GW,
extending to a depth of 50 ft or more.

The two upper units are ice-rich, of low density, and are not thaw
stable. The coarse lower unit is generally thaw stable and not
ice-rich although excess ice does occur, All the soils are
permanently frozen except for an active layer extending to a depth of
1 to 1.5 ft in undisturbed areas, 2 ft deep in areas with polygons,
and about 3.5 ft where the ground surface has been disturbed. Massive
ice lenses were encountered in the upper two soil units.

The airphotos show that the road traverses areas of polygons, portions
of thaw lakes and former thaw lakes. Some recent ponding has been
caused by localized blocking of drainage. Thermokarst settlement has
likely resulted from the ponding. It appears that minor settlement
has also occurred where the margins of the thaw lakes are adjacent to
the road embankment. The ice-wedges at the borders of polygons
intersected by the road also show signs of minor thermal degradation.

Due to the high content of segregated ice and massive ice in the upper
two so0il urnits, buried warm pipelines will require an insulation
design that will prevent thermal degradation. The present road
embankment is a relatively-thin overlay which may have allowed some
thawing to occur beneath it. The extent of thawing under this
embankment needs to be identified and evaluated prior to burying a
pipeline within the road. The greatest potential for settlement is
where the pipeline alignment intersects ice wedges and shallow massive
ice lenses.
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In summary, according to the December 1983 Project Geotechnical
Report, basic stratigraphy in the project area is relatively uniform
and consists of continuous permafrost comprised of & layer of ice-rich
silty sand overlying an ice-poor gravelly sand. The silty sand layer
increases in thickness from Pad D where it is 7 to 12 ft thick to Pad
B where it is about 18 ft thick. With massive ice in the form of
wedges and lenses, the silty sand has a representative thaw strain of
18%. Not quite thaw stable, the gravelly sand has a representative
thaw strain of 5%. Mean annual ground temperature in the zrea is
about 15°F.

INSULATION COMSIDERATIONS

As the upper frozen silty sand is ice rich and needs to be thermally
protected, insulation wiil be needed to limit heat flow from the warm
pipelines to the permafrost. This insulation could either be foam
insulation on the pipelines themselves or board stock insulation
placed beneath the pipelines, or both. In addition, at Tleast a
nominal thickness of insulation will be needed on the pipelines
themselves to prevent congealing of the contained crude oil or
freezing of injection water in the event of a late-winter shutdown.
Alternatively, heat tracing could be placed on the piping for this
contingency.

A few calls to vendors were made as part of this study. Foam Sales
and Marketing of Sun Valley, California, sells polystyrene foam in 4
by by 8 ft sheets with thicknesses of 1 to 12 in. Fer a 1-1b density
and a minimum order of 300,000 board feet, 1987 Seattle price was
12¢/board foot. Assuming a 4 in. thickness to be required, to be
provided with overlapped 2-in.-thick sheets, if one sheet is placed
lengthwise on the fill slope and two sheets are placed flat at the
toe, this gives a cost per mile for this insulation of about $30,000
plus freight.

For pipe insulation, the optimal system appears to be sandwich
construction consisting of steel pipe surrounded by foamed-in-place
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urethane, coated with a waterproof polyurethane coating. Weld joints
must be made up in the field with a chemically-generic system. An
example of a two-component elastomer coating is Terra-Thane 500, which
is manufactured by United Coatings, Inc. and supplied in Alaska by
GeoCHEM, Inc.

The thickness of insulation required is normally calculated as that
needed to prevent thawing from extending below the base of the roadway
embankment. For convenience, a calculation procedure from the Milne
Pt. project design documentation is presented in Appendix B to this
report.

PRACTICAL ASPECTS

A sufficiently thick layer of gravel placed on the ground surface on
the North Slope will result in aggradation rather than degradation of
the permafrost (see Figure 2). However, a 4-ft thickness does not
quite replace the insulating effect of the original active layer and
it appears that the resulting progressive thawing is the cause of the
ponding which has been observed along the road from B Pad to D Pad.

Based on initial cost, it appears that support of the lines on timber
sleepers at the toe of the road embankment would be the least
expensive alternative. However, these would be vulnerable to damage
(e.g., due to vehicles rumning off the road in whiteouts) and they
would also pose an obstruction to passage of caribou.

As a point in favor of burial, small-diameter lines have significantly
greater flexibility and resistance to ovalling than large-diameter
Tines.

As prevailing winds are from the west, snow tends to drift along the
eastern edge of the roadway embankment. In addition to this,
installation of a guard rail to protect the pipelines can be expected
to cause additional drifting of snow on the downwind side of the guard
rail,
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It would be undesirable for the oil temperature to drop to the ambient
ground temperature. However, natural friction heating will probably
prevent this from occurring as Tlong as the pipelines are operating.
It appears that some insulation or heat tracing will be needed on the
piping for winter shutdowns.

The biggest problem with use of urethane as belowground pipe
insulation is saturation and attendant loss of thermal effectiveness
as a result of penetration of water.

The greatest anticipated traffic loads on the buried piping will
result from moving drill rigs. For example, the Nabors 27E wheeled
rig weighs on the order of 1 toc 2 million pounds. A general procedure
for evaluating effects of superimposed traffic Toads on buried piping
has been developed and presented by Thomas and Manikian {1985).

Bundling of 1lines, although it is attractive as a concept, does not
appear to be amenable to the phased construction envisioned by Conoco.

COMCLUSIONS

Based on the foregoing discussion, burial of small-diameter fliow lines
with relatively Tow flow rates at Milne Point appears to be feasible.

Along the existing gravel road between Drill Pads B and D, subsegils
consist of continuous permafrost which has apparently experienced some
surface thawing as a result of the thin gravel overlay and some
ponding of drainage. The upper frozer siity sand is ice-rich and
needs to be protected thermally. This will require insulation.

Figure 3 shows two apparently-feasible alternative configurations for
the buried pipelines. Alternative A consists of a 9-ft widening of
the roadway, followed by excavation of a 3-ft deep trench 2 ft wide
for the buried piping. The piping would be well insulated to prevent
additional subgrade thawing and a minimum 1 ft of cover would be
provided. In addition, a guard rail would be provided to keep traffic
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off the pipelines. Drawbacks of this scheme include (1) excavation
could be difficult if the embankment is frozen, (2} sidewalls could
cave in if the embankment 1is thawed, and (3) the bottom of the
excavation could be at or near the water table.

Similar to the concept presented in the ARCC patent, Alternative B
consists of constructing a small gravel berm at the toe of the present
embankment, placing styrofoam board stock on the berm and up the
slope, laying the pipelines as shown with a 1limited thickness of
surrounding insulation or heat tracing, and then widening the roadway
by 6 ft, thereby burying the pipelines.

RECOMMENDATIONS

The following recommendaiions appear to be appropriate in 1ight of the
above discussion and conclusions.

¢ To avoid drifting snow, it will be best to keep the pipelines on
the west side of the roadway.

. Several expleratory borings should be drilled along the
alignment, including installation of thermistor strings, to check
present thermal regime (extent of thawing) and subsurface
conditions.

¢ A thermal analysis should be conducted to determine required
insulation thicknesses. First of all, a one-dimensional analysis
should be conducted to obtain a profile of operating temperature
along the lines. Then, a two-dimensional analysis should be
conducted, transverse to the pipelines, modelling thawing in and
beneath the embankment.

] Detailed costing needs to be done to see which of the two
proposed alternatives is more cost-effective.

10
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. At least ¢ ft of cover needs to be provided if there will be

traffic over the pipelines.
] Consider installing culverts in areas of ponded drainage.

] To save on costs, consider using HDPE pipe for low-pressure

lines.

. Monitor the pipelines after they are installed, especially in
thermokarst areas.
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COMBINATION ROADWAY AND FIFELINE WAY
IN PERMAFROST REGIONS

BACKGROUND OF THE INRVENTION

Heretofore in laying pipelines over permafrost re-
gions, in order to prevent melting the permafrost by
heat transfer from the pipeling, the pipeline have been
either elevated in the air or buried in the permafrost and
cooled by artificial means.

Although supporting pipelines over permafrost, or
providing permafrost cooling by artificial means in the
buried case, is very good for maintaining the permaftost
frozen even in summer months, it can be desirable in
some situations for aesthetic, environmental, or even
operstional purposes 10 have the pipeline buried in
roadways or berms constructed for this purpose.

SUMMARY OF THE INVENTION

According 10 this invention, one or more pipelines
can be essentially bured yel without disturbing or
thawing the underlying permalrost, even in summer.

Accordingly, it is an object of this invention to pro-
vide a new and improved method for laying pipelines in
permafrost regions.

Other aspects, objects and advantages of this inven-
tion will be apparent to those akilled in the art from this
disclosure and the sppended claims.

BRIEF DESCRIFTION OF THE DRAWING

FIG. 1 shows a cross-sectional view of the combina-
tion roadwey and pipeline way of this invention.

FIG. 2 shows a cross-sectional view of the combins-
tion roadway and pipeline way of this invention when
built over & prior existing roadbed.

DETAILED DESCRIPTION OF THE
INVENTION

More specifically, F1G. 1 shows permafrost 1 whose
upper surface 2 has a combination roadway and pipeline
way 3 thereon. Roadway 4 is a irapezoidal ghaped pile
of material such as grave] or any other desired roadway
construction malerial with an upper travel surface 5 and
boflom surface 6 which contacts the surface 2 of parma-
frosi 1. Side area 7 of the roadway, which side area can
extengd from the center § of the roadway to the outer
edge 9 of the roadway, but preferably is closer to outer
edge 9 than center 8, carries embedded therein at Jeast
one pipeline shown in FIG. 1 as two separate pipelines
10 and 11.

Roadbed 4 is longitudinally extending as are all roads
and, similarly, pipelines 10 and 131 are also longitudi-
nally exiending and are essentially Jongitudinally paral-
lel to the longitudinal axis of roadbed 4. Longitudinally
extending insulation means 12, with its longitudinal
edges 13 and 14, is carried in roadbed 4 and between the
underside of pipelines 10 and 11 and the upper surface 2
of permafrost 1. Edges 13 and H are Iaterally displaced
beyond the outer sides of pipelines 10 and 11 by dis-
tances 15 and 16, respectively. Distances 15 and 16 are
suflicient in length (based on the dimensions of the
materials and olber physical characteristics of the spe-
cific structure) to prevent substantial amounts of heat
radiation from passing from pipelines 10 and/or 11
wround edges 13 and 14 and into permafrost 1.

Il desired, pipelines 10 and 11 are surrounded by a
particulate bed of material 17 which is finer in particle
siz¢ than the material of roadbed 4 and provides a better
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bed for the pipelines. If the pipelines are insulated
around their outer surfece, a3 is often the case, it can be
desirable 10 employ bed 17 because the finer particuiate
matter making up bed 17 will be less likely to pierce or
otherwise damage the insulation on the pipelines then
the coarser material in roadbed 4. Thus, pipeline bed 17
can be employed for better Joad distribution and/or
protection of the pipeline or pipelines contained therein.

To better maintain bed 17 around pipelines 10 and 11,
bed 17 can be surrounded by a longitudinally extending
contsinment means 18 which is perforated for drainage
of water or other liquids therethrough. The shielding
protection provided by pipeline bed 17 can also help
¢liminate the need for corrosion protection. Whether or
not pipeline bed 17 it employed, corrosion protection
for the pipeline can be used.

Insulation 12 can be any well known thermal insula-
tion such as polystyrene foam, or other materisl suitable
for the purpose intended, and serves the desirable func-
tion of thermally insulsting the pipelines from the per-
mafrost by refllecting heat up towards the upper sur-
faces of the roadbed. Additionally, such insulation sub-
stantiplly retsrds the formation of ground water ther-
moesyphons which increase heat transfer from the pipe-
lines by convection.

FIG. 2 shows permafrost 1 with opper surface 2
wherein 2 previously existing or prior roadbed 20 was
already in place and over which was constructed new
roadbed 21. Roadbed 21 conuwins in its side area, (which
is outside prior roadbed 20) pipelines 22 and 23. Pipe-
lines 22 and 23 are surrounded by fine particulate pipe-
line bed 24 conteined in perforated containment means
25. Pipeline bed 24 rests upon insulation means 26
which is curved upwardly on inner side 27 to conform
to the outside slope of pre-existing roadbed 20,

EXAMPLE

A toadbed is constructed essentially as shown in
FIG. 2 wherein each pipeline is surrounded on its outer
surface by polyurethane insulation which in tum is

_encased on ils ouler surface by a polyethylene jacket.

The pipelines are completely surrcunded by sand and
enclosed in s perforated containment means and sup-
ported on a formed polystyrene insulation means 26.
The remainder of roadbed 21 is formed from gravel.

Reasonable veriations and modifications are possible
within the scope of this disclosure without departing
from the spirit and scope of this invention.

The embodiments of this invention in which an exclu-
xive property or privilege is claimed are defined as
follows:

1. A combination roadway and pipeline wey for use
over permafrost comprising a longitudinelly extending
roadbed whose batlom Area rests on seid permafrost, at
least one longitudinally extending pipeline embedded in
a side ares of said roadbed and extending essentially
parallel 10 said roadbed, Iongitudinally extending insula-
tion means having longitudinel edges, said insulation
means being carmied in said roadbed between said pipe-
line and said permefrost, said insulation means extend-
ing laterally from both sides of said pipeline a distance
sufficient to prevent substantial amounts of heat radis.
tion {rom passing from said pipeline around said adges
of said insulation means and into said permafrost.

2. A combination roadway and pipeline according to
claitm 1 wherein said pipeline is carried surrounded in a
bed of fine particulate matter,
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3. A combination roadway and pipeline sccording to
claim 2 wherein said particulaie matter is essentinlly
sand,

4. A combination roadway and pipeline according to
claim 2 wherein said particulate matier is surrounded by
2 longitudinally extending containment means which is
perforated for drainage.

§. A combination roadway und pipeline according to
claim 1 wherein waid roadbed is built over » prior road-
bed and said pipeline it lnid essentially paraliel to the
outer edge of seid prior roadbed and outside said prior
roadbed, said prior roadbed and pipeline being both
covered by said roadbed.

15

23

33

45

55

63

4

. A combination roadway and pipeline sccording 10
claim 3 wherein said pipeline is carried surrounded in »
bed of fine particulste matter.

7. A combination roadwsy and pipeline sccording 10
claim 6 wherein said particulste matier is essentintly
aand.

$. A combination roadway and pipeline according to
claim % wherein said particulate matter is surrounded by
a longitudinally extending conlsinmen! means which is
periorated for drainage.

9. A combination roadway and pipeline according to
clnim 1 wherein said pipeline is insulated on its outer
surface.
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Appendix B

CALCULATION PROCEDURE
FOR INSULATION THICKNESS

61/28



SECTION B ~ SPECIAL DESIGN BURIAL FOR CASED

ROAD AND WILDLIFE CROSSINGS

The Milne Point Project-vwill--require at-lezst four roasd crossings
and two crossings for migrating wildlife. Criteria call for
;Besé é;;s;;ﬁg; to be buried and capa>le of long-term performance
vith little or no thaw settlement. The insulation svstem planned
fer the:project is not suitable for direct burial in permafrost
or gravel £ill without 1long term degradation of the insulation.
A-césed‘bu}iéé géction is thereiore required in erder to maintain
an air ;;éce. éround fhe insulation jacker. The casing also

serves to protect the insulated pipeline from heavy wheel loads

at road crossings.

The prelipinary design for these buried crossings is shown in
Exhibit 5. A cover depth over the casing of 3 feet (127 cm) is
proposed with a bedding layer of 1.5 feet (46 ¢m). The bedding
serves two purposes. First, elevation of the casing is necessary
to prevent water from standing or flowing in the annulus between
the insulated pipe and casing. Second, the 1.5 foot of bedding
allows thaw beneath the <cesing without accompanying thaw
settlement (if 32°F or 0°C isotherm remains within

gravel}.

An  evaluation was made of the ©proposed design using =a
steady-state quasi-static thermal solution developed by Hwang et

al, 1980. This method is suitable for preliminery design and



evaluation of insulated pipelines. It is probably suitable for
final design where the pipeline insulation factor for worse case
conditions c¢learly exceeds the calculated required insulation
factor. Since the quasi-static solution assumes a constant
initial temperature without accounting for the variation of
ground surface temperature, the results for most cases can only
be considered preliminary. In order to develop 2 final effective
design, other analytical methods, =such as two dimensional
simulation, may be regquired to properly evaluvate the effect of

seasonal ground temperature variation.

Results of Evaluation

The Milne Point Project special design crossings were evaluated
assuming the use of gravel bedding so that the 32°F (0°F)

isotherm will remain within stable material thereby preventing
thaw settlement. Using Exhibit 51 as required input data, the

evaluation was made in five parts.

1. Calculate insulation factor (IF) for cased crossing
assuming mno insulation wvalue for air in eannulus of
casing. DBecause the outside of the insulation jacket is
not equal to the radius of the casing (Ro) an
equivalent thermal conductivity must be calculated for
insulation plus annulus,

Therefore:

Equal. g ~ 0.026W/(m-K) (16.5cm)
INS 7.6cm

0.0565 W/ (m-K}



_ lée.5cm

=5 = =t
/RO 35.6cm
= 0,46
Egual.K
- INS _ 0.0565%W/ (m*K)
Kl 2.95W/ (mK)
= 0,019

Frowm Exhibit 52 the insulation factor for the cacsed

crossing = 33
IF = 33
2, Calculate insulatioen factor for cased crossing assuming
dry still air im annulus of <casing. The thermal
conductivity of dry still adir is 0.016 ¥W/(m K), but for

evaluation assume the eir has a higher thermal

_conductivity equivalent to polyurathane (0.026 W/(m K).

¢ = 0.46
. _
& = _INS _ 0.026W/(m°K)
Kl 2.95W/ (m-X)
= 0,0009

From Exhibit 52 the insulation fector £for the cased

crossing = 70

IF e 70

3. Calculate insulation factor required for cased crossing

using steady-state thermal solution to prevent thawing of

permafrost soils:
K, (T.-T_)
Thermal ratio = a = thTG_mF}
1'"p *F

_ 0.97W/(m-K) (-8.6°C)
2.95W/ (m-X) (82°C)

-0.034

8-3



(—x

_ _ 127cm _
H = Bg/Ry = 35 %em = 3-6

D /R _ 4d6ecm - 1.3

s’7o 7 35.6cm

Required insulation factor for steady-state condition

from Exhibict 53 = 50
IF = 50
4, Calculate dinsulation thickness required for —cased

crossing to prevent thawing of permafrost assuming no

insulation value for air in casing annulus:

_ 1 1
Ip = 1n ()
1
5 = 1n ( i- )
- I
F
1
- In (3m73%)
50
= 0.0123
King = K18
= 2.95W/(m<K) + 0.0123
= 0.0363W/{(m-K)
Thickness = 0.026W/(m-K) .
Polyurathane 0.036W/ (m-K) 16.5cm
Required _ _ :
Thickness = 1l.8cm = 4.7 inches

5. Calculate thickness of bedding required to maintein

32°F (0°C) isotherm within gravel assuming no



insulation value for air in casing annulus:
From Exhibit 53 determine Ds/Ro required £for an

I

F 33, a = 0.034, and e 3.57
Required Ds/Ro = 3,5
Ds = 35.6 3.5
Required bedding = 125 ¢cc = 4.1 feet
The air present in the casing annulus will have some impact on
the calculated depth of thaw, but the actual thaw depth will be
difficult to establish with this type of apalysis since air
circulation will be present in the annulus during summer (when
air temperatures are above freezing) and no eir circulation is

expected during the winter ({when e2ir temperatures are coldest)

due to snow blocking end of casing.

The option of adding approximately 2 inches of insulation to the
pipe would require a special order of insulated pipe. An
alternative would be the addition of polystyrene board insularion
below the casing. The width required for a planer insulation
break would be a minimum of three casing diameters (7.0 feet) to
either side of the casing. Insulation thickness for the board
stock would be greater thanm 2 inches dwe to the increased
distance from the insulated pipe and due to the higher thermal

conductivity of polystyrene insulation,

The option of increasing the gravel bedding thickness beneath the
casing appears unrealistic. Addition of an additional 2.6 feet
of gravel bedding thickness would increase the already nearly 7

foot embankment to nearly 9.5 feet, Insulation may be a better



choice.

For finzl design a wmore detailed two-dimensional analysis 1is
needed to determine if insulation below the casing is required
and if so what insulation thickness is optimum for Ilong-term
performance. The preliminary steacdy-state thermal anzlysis does
not cleerly indicate whether or not additional 4dinsulation is

necessary.

B=6



Exhibit 51
MILNE POINT PROJECT SPECIAL DESIGN BURIAL

CASED ROAD AND WILDLIFE CROSSINGS

TF=O °C

OiL TEMPERATURE=T,=82°C

MEAN ANNUAL GROUND TEMPERATURE =Ty= -8.6 °C
PIPELINE RADIUS=r, =17.8 cm

CASING RADIUS=R,=35.6 cm

CASING WALL THICKNESS =1.3 cm

DEPTH TO CASING CENTERLINE=h,=127 cm

INSULATED PIPE RADIUS =25.4 cm

INSULATION THICKNESS =S =7.6 cm

GRAVEL THICKNESS BELOW CASING=D=46 cm

CASING ANNULUS=8.9 cm

POLYURETHANE THERMAL CONDUCTIVITY=K;,,=0.026(w/m-k)
GRAVEL THERMAL CONDUCTIVITY=K,;22.95 w/(m-k)
PERMAFROST THERMAL CONDUCTIVITY =K70.87 w/(m-k)



Exhibit 52~

Insulation Factor vs. Thickness Ratio
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Exhibit 53

Thermal Ratio vs. Insulation Factor for Steady-State

Thaw Depth
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