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lNTROOUCTION

We understand that CanoeD plans to connect drill pads Band 0 at

Milne Point with flovi lines to carry crude oil 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 in.

Pipel ines tentatively planned fOl' the development are as follows:

Wall
Diam. Thickness
J..i..'l.,l ( ; n. ) GriJ.de--

Oil (2 ) 4 0.237 Std.

Future Injection
Water Line 6 0.718 XSS

Two operating scenarios are being considered. The first is the

immediate flow streali1 with two Itlells pumping and combined flow rates

of 1000 BPD of oil and 500 BPD of water. Under this scenario, the

injection water line would not yet be used. The produced oil and

water would be pumped through the tl'.'u 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 and pumping of 6000 BPD of fresh injection

water. Under this scenario, a 6-in.-diam water injection line will be

installed and possibly an additional 4-in. line.

Maximum expected operating temperatures are lOO°F for the oil lines

and BO°F for the injection water line. 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 lines thermally

from the underlying frozen permafrost ground and provides ready

maintenance access to them. However. it also 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 CanoeD, it may be feasible to insulate the lines
and bury them in the existing road or adjacent to the road. The

PUI"pose 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 literature reviewed, general site conditions,

insulation considerations, touches on several practical aspects, and

summarizes our conclusions and recommendations.

APPROACH

Our approach to this initial feasibility-level evaluation was as

follows. First of all, we conducted a brief review of available

1iterature on pi pel i nes in permafrost, thawi ng and thaw settl ement,

insulation systems and the like. Then, we interviewed several

knowledgeable oil industry engineers to obtain their ideas on possible

configurations for a buried flO\'1 1ine 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 pipin!] 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 criteria development.
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LITERATURE REVIDI

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 \l,lay

in Pennafrost Regions" \'Ias identified and revie\'/ed. (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 Waterflood project.

Constructed during the winter of 1976/77, the Alyeska fuel gas line

extends 147 miles from Pump Station 1 to Pump Station 4. Consisting

of un;nsulated 8- and lO-inch steel pipe, the fuel gas line was

constructed in the buried mode parallel to the Alyeska Haul Road (now

called the IIDalton Highway"). The line was constructed off a sno\'l

workpad at a typical distance of 15 ft from the toe of the roadway

fill ·slope. The ditch for the line was typically excavated in the

frozen ground using a piece of equipment called 2. uRoc Sa\'/." 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 \'lith

select (gravel) material, except that 4 in. of styrofoam board

insulation \'Iere placed above the pipe at a depth of 12 to 15 in. below

the original ground surface.

Alyeska's fuel gas line is basically an ambient line 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 ground surfact clisturbance and development of one or two

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 pipel ines were designed and constructed by

ARCO Alaska, Inc. in the 2.5-mile-long Waterflood Causeway at Prudhoe
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Bay. The lines consisted of two seawater supply lines (40 and 36 in.

diameter) and a 10-3/4-io. gas feeder line. The lines 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 lines and the lines were designed for superimposed

traffic loading due to loaded gravel hauling trucks and heavy

crawler-supported modules.

INTERVIEWS

Three oil-industry engineers with extensive

experience were interviewed and results of

summarized in the following paragraphs.

North Slope design

the interviews are

Interviewee A. ali engineer with Exxon Production Research Company.

felt that burial of small-diameter flow lines would be technically

feasible but mayor 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 ARCa patent (place styrofoam board stock adjacent

to the road fill, lay the flow 1i nes on thi s, extend the road shoulder

out over the lines), except that he said he would also insulate the

oil lines by placing jacket~d polyurethane on them. If possible, he

said he would keep the piping above the water table.

Intervie\'/ee B, an engineer with ARCa Alaska, Inc., also suggested

placing the lines at the toe of the existin9 road fill. except that.

instead of burying them, he said he would support the lines on timber

sleepers providing a 1-ft air space beneath the flow lines. This air

space would effectively decouple the lines thermally fl"Om 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 anchors and expansion loops, perhaps every

1200 ft. Interviewee B said this approach was used successfully for

the Lisburne Waterflood seawater pipeline. He recommended that
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temperature profiles be estimated along tile piping, that this might

sho~J that. beyond a certain burial length, 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 HOPE

(High-Density Polyethylene) pipe for all low-pressure lines.

Alternately, he recommended consideration be given to develop;r~g a

prefabricated jacketed and 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.

SlTE CONDlTIONS

wee conducted a brief review of ground/permafrost conditions along the
road connecting Pad B to Pad 0 as a part of this study. Our review of

available information 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 1983 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

little relief. The most widespread features on the interfluves are

the prominent thaw lakes which have a north-northwest orientation.
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Soil stratigraphy in the area is limited to 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

1ayer ranges from 13 ft to 26 ft in depth wi th a medi an 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 blo upper units are ice-rich, of low density, and are not tha\'I

stable. The coarse lower unit is genE:rally tha\,,' stable and not

ice-rich although excess ice does occur. All the salls 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. f~assive

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 massiv~ ice in the upper

two soil units, 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 alloloJed 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 ;s relatively uniform

and consists of continuous permafrost comprised of a layer of ice-rich
silty sand 0"1t .-lying an ice-poor gravelly sand. The silty sand layer

increases in thickness from Pad 0 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 tha\" stable, the gravelly sand has a representative

thaw strain of 5%. Mean annual ground temperature in the ~rea is

about 15°F.

INSULATION CO~!SIDERATIOrIS

As the upper frozen silty sand is ice rich and needs to be thermally

protected, insulation will 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 least a

nominal thickness of insulation will be needed on the pipelines

themselves to prevent congealing of the contained crude oil or

freezing of injection ~Iater 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-lb density

and a minilJlum order of 300,000 board feet, 19B7 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 ~Ia terproof polyurethane coati ng. Weld joi nts

must be made up in the field \'/ith a chemically-generic system. An

example of a two-component elastomer coating is Terra-Thane 500. which
;s manufactured by United Coatings, Inc. and supplied in Alaska by

GeoCHEI'I, 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 ca,lculation procedure from the Milne

Pt. project design documentation ;s 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 0 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 \'lOuld be vulnerable to damage

(e.g., due to vehicles running 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

lines.

As prevailing winds are from the west, snow tends to drift along the

eas tern edge of the roadway embankment. In add it i on to th is.

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

ra i 1 .
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It would be undesirablE:: for the oil temperature to drop to the ambient

ground temperature. However, natural friction heating will probablj'

prevent this from occurl"ing as long as the pip.elines are operating.

It appears that some insulation or heat tracing \'lill be needed on the

piping for winter shutdowns.

ThE:: biggest problem with use of urethane

insulation is saturation and attendant loss of

as a result of penetration of water.

as belowground pipe

thermal effectiveness

The oreatest anticipated traffic loads on the buried piping wil 1

result from moving drill rigs. For example! the Nabors 27E wheeled

rig weighs on the ordel' of 1 to 2 million pounds. A general procedure

for evaluating effects of superimposed traffic loads on buried piping

has been developed and presented by Thomas and Manikian (1985).

Bundling of lines, although it is attractive as a concept, does not

appear to be amenable to the phased construction envisioned by Conoco.

CONCLUSIONS

Based on the forE::going discussion, burial of small-diameter flow lines

with relatively low flow rates at Milne Point appears to be feasible.

Along the existing gravel road between Drill Pads Band 0, subsoils

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, silty 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 pipel ines. 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

9
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off the pipelines. Drawbacks of this scheme include (1) excavation

could be difficult if the embankment is frozen, (2) s;de~lalls could

cave in if the embankment is thawed, and (3) the bottom of the

excavation could be at or near the water table.

Similar to the concept presented in the- ARea patent, Alternative B

consists of constructing a small gravel berm at tile toe of the present

embankment, placing stj'rofoam board stock on the berm and up the

slope, laying the pipelines as shown with a limited thickness of

surrounding insulation or heat tracing, and then widening the roadway

by 6 ft, thereby burying the pipel ines.

RECOMMENDATIONS

The following recommendations appear to be appropriate in light of the

above discussion and conclusions.

• To avoid drifting snow, it ~1i1l be best to keep the pipel ines on

the west side of the roadway.

• Severa1 exploratory bori ngs shou1d be dri 11ed 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 pi pel ines I modell i ng thawing in and

beneath the embankment.

• Detailed costing needs to be done to see \oJhich of the bm

proposed alternatives is more cost-effective.

10
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• At least 2 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
, ; nes •

• Manitol' the pipel ines after they are installed, especially in

thermokarst areas.
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According 10 this invention, one or more pipelines 20
can be essentiall)' buried yet without diSlurbing or
thawing the underlying permafrosl, even in lummer.

Accordingly, it is an objec1 of this invention to pro
vide I new and improved method for laying pipelines in
permafrost regions. 2~

Other aspec~, objects and advantages of this inven
tion will be apparenl 10 those akilled m the U"I Crom this
disclosure and the appended claims.

COMBrNATION ROADWAY AND PIPELINE WAY
IN PERMAfROST REGIONS

BACKGROUND OF TIlE INVENTION

Heretofore ttl laying pipelines over pmnafroJl. re
Jions, in order 10 prevenl melting the pennalroat by
heal transfer from the pipeline, the pipeline hive been
eilher elevated in the air or buried in the permafrost and
cooled by anificw mean~.

AlthouSh lupporting pipelinec over permafrost, or
providing permafrost cooling by artificial means in the
buried case, is very good for maintaining the permafrost
frozen even in lummer months, il can be desirable in
lOme lilualions for aesthelic, environmental, or even
operalional purposes to have the pipeline buried in
roadwlYS or berms constru~ for thi5 purpoac.

SUMMARYOFTIlEINVE~"ON
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bed for the pipcliocs.. If the pipelines. are insuilled
around their QUler surface, U ii oflen the C&5C, it can be
desirable to employ bed 17 beca~ the finer particulate
Nller uak.ini up bed 17 will be lea likely to pierce or

, otberwile damage the wul.lion on the pipc:linet. than
the coaner mlt.erial in roadbed 4. TbUl, pipeline bed 1"1
can be employed for better load diJlribution and/or
prOlcctiOll oflhe pipeline or pipelines conLlincd therein.

To better maintain bed 17 around pipelines 10 and 11.
10 bed 17 can be lurrounded by • longifudinally c:a:lendinB

conlainmenl means 18 whit::h is perforaled for drainage
of waler or Olher liquid§ therethrough. The thielding
protection provided by pipeline bed 17 can .1so help
eliminJle the need for corrosion protection. Whether or

15 aot pipeline bed 17 u. employed, corrosion protection
for the pipeline can be used.

insulation 12 can be any well known thennal insula
tion luch as polystyrene foam, or olher malerial suiLllble
for the purpose intended, and 5erves lh~ d~irabl~ func
Don of thermally insulating Ih~ pipelines from th~ per
mafrosl by renecting heal up towards the upper sur
faces of the rO&dbed. Additionally, luch insulalion sub
ItUltiaJly retards the formation of ground water th~r

lD05ypbons whicb incrc.a.se heat tnnsfer from th~ pipe
lines by convection.

FIG. 2 Ihows pennafrost 1 with upper surface 2
wherein I pr~viousl)' existing or prior roadbed 20 was
already in place and over which was constructed n~w

BRIEF DESCRIPTION OF TIlE DRAWING 30 rO&dbed 21. Roadbed 21 contains in its side area, (which
FIG. 1 shows I cross-sectional view of the combina- is oUlSid~ prior roadbed 20) pipelines 22 and 23. Pipe-

lion roadwl)' aDd pipelin~ wly of~ i:JlVention. lines 21 and 23 ar~ IUrTounded by fine paniculate pipe-
FlG. 2 shows I c~-ICCt.iOca.l viC'Vo· of the combina- lin~ bed U contained in perforlled containment mean~

lion road .....a)' and pipeline way of this invention wh~n 2.5. Pipeline bed U rests upon insulation means 26
built over a prior ewting roadbed. J~ which is curved upwardly on inner 5.ide 27 10 confonn

10 the outside a10pe of pre-nisling roadbed 20.

'.

DETAILED DESCRIPTION OF THE
INVENTION

More specifically, FIG. 1 ahaws permafrosl J wbose
upper surface 2 has a combination roadway and pipeline 40
WIY 3 thereon. Roadway 4 is a trapezoidal maped. pile
of malerial such 1.5 gravel or aDy other desired roadwlY
construction material with an upper tnvellurface 5 aDd
boftom surface 6 which contacts the surface 2 of perma
fros. J, Side area 7 of the roadway, whicb side area can 45
extend from tbe cenler 1 of the roadwly to the outer
edge 9 of the roadway, but preferably is closer 10 OUler
edge 9 !han center I, carries embedded therein II leasl
one pipeline shown in FIG. J 1.5 two separat~ pipelines
10 and 11. 50

Roadbed 4 is longitudinally ellending as are all roads
and, 5imi.Iul)·, pipelines JO aDd 11 are also longitUdi
nally extending and are essentially longitudinally paral-
lel to the longitudinal axis of roadbed 4. Longitudinall)'
eXlending insulltion means 12, with its longitudinal 55
edges 13 and 14. is carried in roa.dbed 4 and belween the
underside of pipelines 10 and 11 and the upper surface 2
of permafrost 1. Edges J3 and 14 are laterally displaced
beyond the outer sides of pipelines 10 and 11 b)' dis
lanCC'lo J5 and 16, respectively. Distances 15 and 16 are 60
lufficient in length (based on the dimensions of the
malerials and other physical characteristics of the a:pc
cific structure) 10 prevent substanlial 1JD0unu of beal
radiation from passing from pipelines JO and/or 11
around edges I3 and J4 and inlo permafrost 1. 6~

If d~ired, pipelines JO and 11 ar~ surrounded by I
paniculate bed or material 17 which is finer in particle
AU thlll the- material of roadbed 4 and provid~ a beller

EXAMPLE

A roadbed is constructed essenlially as shown in
FIG. 2 wherein each pipeline is &UTTounded on its OUler
Alrface by polyurethane insulation which in lurn is
encased on its outer surface by a polyethylene jacket.
The- pipelines are completely surrounded by sand and
a1c1osed in • pcrfOJ"lled containment means and sup
poned on a foamed polystyren~ insulation means 26.
The remainder of roadbed 21 is formed from gravel.

Reasonable variations and modificalion~ are possible
within the ICCpe of this disclosure without depaning
from the spiril and scope of this invention.

The embodimenu of tbis invention in which an exclu
sive property or privilege is claimed are defmed IS
follows:

I. A combination roadwa)' and pipeline WBy for use
over permafrost comprising a longitudinally extending
roadbed whose bonom area rests on said permafrost, at
least one longiludinally extending pipeline embedded in
I aide area of said roadbed and eXlending essentially
panJlello said roadbed, longitudinally extending insula·
tion means having longitudinal edges, said insulation
means being carried in said roadbed between said pipe
line and said pennafrost, said insulation means extend
ing laterally from both sides of said pipeline a distance
lUfficient to pr~venl substantial amounts of beat ndiB·
lion from passing from said pipeline- around said edg~

of said in~ulation means and into said permafrost.
2. A combination roadwa)' and pipeline Iccording to

claim 1 wherein said pipeline is carried surrounded in a
bed of fine- partiCUIBte- mailer.
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3. A combin.llion roadway and pipeline according to
claim 2 ....herein laid particulate matter i5 euentiaJly
undo

4. A combination roadway and pipeline according 10
claim 2 wherein uid particulate mailer illurrounded by 5
• longitudinally ell.endina containment means which is
perforaled ror drainage.

S. A combination roadway and pipeline according to
claim 1 wherein u.id roadbed iI built over I prior road· 10
bed and said pipeline u. laid essentially parallel to the
outer edge of u.id prior roadbed and outside said prior
roadbed, said prior roadbed and pipeline being both
covered by uid roadbed.

4
,. A combination roadway and pipeline according 10

claim ! wherein &aid pipeline is carried lurrounded in •
bed of (me particulatC' malter.

7. A combin.uion roadw.y and pipeline according 10
claim , wherein JAid particulate mailer u. essentially
undo

•. A combination roadway and pipeline according to
claim 5 wherein laid particulate mattcr is lurrounded by
• longitudinally c:lleT1ding conl.l.inmenl means which is
perforated for drainase.

t. A combination roadway and pipeline accordins to
claim J wherein uid pipeline is insulated on its OUler
.unace.

• • • • •
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(
SECTION 8 - SPECIAL DESIGN BURIAL FOR CASED

ROAD AND ~ILDLIFE CROSSINGS

The Milne Point, Projec-t- \o."-ill---r-equi·r-e at -least four roed crossings

and two crossings for migrating '•.'ildlife. Criteria call for

these crossings to be buried and capa~le of long-term performance

~ith little or no thaw settlement. The insulation system planned

for the project is not suitable for direct burial in permafrost

or gravel fill '.dthaut long term degradation of the insulation.

A cased buried section is therefore required in order to mgintain

(

an air space around

serves to protect the

at road crossings.

the insulation jacket. The casing also

insulated pipeline from heavy ,",'heel loads

The preliminary design for these buried crossings is sho\>n in

Exhibit 51. A cover depth over the casing of 3 feet (127 em) is

proposed 'With a bedding layer of 1.5 feet (46 em). The bedding

serves two purposes. First, elevation of the casing is necessary

to prevent water from standing or f10'Wirig--in the annulus between

the insulated pipe and casing. Second, the 1.5 foot of bedding

a110-\r,'s thaw_ beneat.h the casing 'Without accompanying thaw

settlement (if 32°F or OOC isotherm remains 'Within

gravel).

An evaluation was made of the proposed design using a

l st.eady-state quasi-static thermal solution developed by H'Wang et

aI, 1980. This method is suitable for preliminary d-esign and

8-1



final design where the pipeline insulation factor for worse case
(

evaluation of insulated pipelines. It is probably suitable for

conditions clearly exceeds the calculated required insulat.ion

factor. Since the quasi-static solution assumes a constant

initial temperature without accounting for the variation of

ground surface temperature I the results for most cases can only

be considered preliminary. In order to develop a final effective

design, other analytical methods, such as dimensional

(

simulation, may be required to properly e\'aluBte the effect of

seasonal ground temperature variation.

Results of Evaluation

The Hilne Point Project special design crossings \Jere evaluated

assuming the use of gravel bedding so that the 32°F (OoF)

isotherm '... ill remain within stable material thereby preventing

tha"" settlement. Using Exhibit 51 as required input data, the

evaluation was made in five parts.

1. Calculate insulation factor (IF) for cased crossing

assuming no insulation value for air in annulus of

casing. Because the outside of the insulation jacket is

not equal to the radius of the casing (R
o

) an

equivalent thermal conductivity must be calculated for

insulation plus annulus.

Therefore:

l
Equal. = 0.026"/(rn·K) (16.5crn)

7.6cm

= 0.0565 W/(rn·K)
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= SiR
o

16.5cm=
35. Gem

(
= 0.46

= Equal.K1NS
K1

= 0.019

= 0.0565N/(m·K)
2.95N/(m.KJ

From Exhibit 52 the insulation factor for the c8Eed

crossing = 33

2. Calculate insulation factor for cased crossing assuming

dry still air in annulus of casing. The thermal

conductivity of dry st.ill air is 0.016 \I'j(m K), but for

evaluation as 5 ume the air has a higher thermal

(

.conductiv_~_~y equivalent to polyurethane (0.026 W/(rr. K) .

•
~ ~ 0.46

6 = KINS
K1

= 0.0009

= 0.026N/(m·K)
2.95W/ (m·K)

From Exhibit 52 the insulation fector for the cased

crossing "" 70

3. Calculate insulation factor required for cased crossing

using steady-state thermal solution to prevent thawing of

permafrost soils:

Thermal ratio '" a =
K2 (TG-T

F
)

K1 (Tp-TF )

l
= 0.97N/(m·K) (-8.6°C)

2.95W/(m·K) (82°CI

= -0.034
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( jJ = ho/Ro
127cm 3.6= =35.6crn

Ds/Ro
46cm 1.3= =35.6crr;

Requi:-ed insulat.ion factor for steady-state condition

from Exhibit 53 : 50

4. Calculate insulation thickness required for cased

crossing to prevent tha ....'ing of permafrost assuming no

insulation value for air in casing annulus:

I =F
1e In (_I_

I-

(
e = In

( _1_1
1-

1
In (1-.46)

= 50

= 0.0123

= 2.9SN/(rn·K)

= 0.0363N/(rn·KI

0.0123

{

'--

Thickness 0.026N/lrn·KI .
16. ScmPolyurathane =

0.036t'/(;n·KI

Required
= 11.8cm = 4.7 inchesThickness

5. Calculate thickness of bedding required to maintain

32°r (DoC) isotherm within gravel assuming no

8-4



(
insulation value for air in casing annulus:

FroI!l Exhibit 53 determine Ds/R required for an
o

IF = 33, a = 0.034, and

Required Ds/R o c 3.5

Ds c 35.6 3.5

c 3.57

(

Required bedding = 125 em = 4.1 feet

The air present in the casing annulus ",.. ill have some impact on

the calculated depth of thew, but the actual the ...· depth ..... i11 be

difficult to establish ""ith this type of analysis since air

circulation ...... i11 be present in the annulus during summer (when

air temperatures are above freezing) and no air circulation is

expected during the ...·inter (when air temperatures are coldest)

due to snow blocking end of casing.

The option of adding approximately 2 inches of insulation to the

pipe ~ould require a special order of insulated pipe. An

alternative would be the addition of polystyrene board insulation

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 than 2 inches due 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. Addit.ion of an addit.ional 2.6 feet

l of gravel bedding t.hickness ","auld increase the already nearly 7

foot embankment to nearly 9.5 feet.

8-5
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(

c

l

choice.

For final design a more detailed tl,,'o-dimensional analysis is

needed to determine if insulation belD,", t.he casing is required

and if so .... hat insulation thickness is optimum for long-term

performance. The preliminary steady-state thermal analysis does

not. clearly indicate whether or not additional -insula'tion is

necessary.
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Exhibit 51

MILNE POINT PROJECT SPECIAL DESIGN BURIAL

CASED ROAD AND WILDLIFE CROSSINGS

S

Kelr?

....... K1 D'D TF )- ...
........ :II .. '........ ..~ ....

TF=0 °c
OIL TEMPERATURE =T. =82· C
MEAN ANNUAL GROUND TEMPERATURE =TG= -8.6 °c
PIPELINE RADIUS=,. =17.8 em
CASING RADIUS=Ro=35.6 em
CASING WALL THICKNESS=1.3 em
DEPTH TO CASING CENTERLINE = ho=127 em
INSULATED PIPE RADIUS =25.4 em
INSULATION THICKNESS =S =7.6 em
GRAVEL THICKNESS BELOW CASING=D=46 em
CASING ANNULUS=8.9 em
POLYLJRETHANE THERMAL CONDUCTIVITY: K1n.=O.026(w/m.kl
GRAVEL THERMAL CONDUCTIVITY= K, =2.95 w/(m·k)
PERMAFROST THERMAL CONDUCTIVITY =KiO.97 w/(m·k)
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.Exhibi t 53

Thermal Ratio V5. Insulation Factor for Steady-State
Thaw Depth
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