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Résumé

Ce volume décrit la deuxiéme année du projet de recherche
France—-Canada A la station expérimentale de gel 3 Caen. Les
caractéristiques des systémes de mesure et les conditions de mise en
oeuvre ont été décerites dans un premier rapport {(dossier public 82-18}.
Durant cette derniére année la circulation de 1'air réfrigéré dans le -
pipe a causé une pénétration d'un front de gel dans le sol, au préalable
2 température positive. Les changements de température, les mouvements
d'eau, la croissance d'un front de gel annulaire, les changements
morphologiques de la surface, les champs de contrainte et les
déformations du pipe qui en szont résultés, ont tous été mesuréds. Le
front de gel a pénétré de 0.3 4 0.5 m sous l'axe du pipe, au cours des
250 journées depuis le début de la réfrigération. Le contraste dans la
réfrigération et la croissance de glace dans les deux sols (de différente
susceptibilité au gel) a entrainé un gonflement différentiel du pipeline
de plus de 11 em sur une distance horizontale de 16 m. Le gradient de
déplacement vertical par rapport 2 la distance horizontale est aux
environs de 1:100 dans la zone de transition entre les deux sols.

Abstract

The report describes the second year of activities under the
Canada-France joint research program at the controlled environment
facility in Caen. The initial report (Open File 82-18) described the
initial instrumentation and preparation of the facility. 1In the past
year chilled air wag circulated through the pipe causing the previously
unfrozen ground to freeze. The ensuing changes in temperature of the
ground, the redistribution of water, the growth of a frost bulb, changes
in surface morphology and the resulting stress on and deformation of the
pipe, have all been monitored. Frost has penetrated to 0.3 to 0.5 m
below in the centreline of the pipe in the 250 days since commencement of
chilling. Differential freezing and ice aggradation in the two
lithological units of very different frost susceptability has led to a
differential displacement of the pipe of 11 cm over a horizontal distance
of 16 m. At the boundary between the two units the vertical to
horizontal displacement gradient is approximately 1 in 100.
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FOREWORD

This report describes work carried our during the second year of the

joint Canada - France project: "The Behaviour of Buried Pipelines under

Negative Temperatures"” and it constitutes the final report under

contract OSU82-00294, "Investigation of Seil Freezing in Associlation

with a Buried Chilled Pipeline in a Large-Scale Test Faciliey”

Principal Investigator p.J. Williams, Co~Principal Investigator M.W.

Smith. The report also includes the interim report for the contract:

"Analysis of Stresses Developed in Pipeline Buried ip Freezing Ground*"
Principal Investigator P.J. Williams, which terminates December 31,

1983.

Early in the year the experiment was brought into full operation.

The freezing of the ground around the Pipe caused significant

deformations. Conditions in the Pipe and ground were recorded in detail

and analysis commenced. The project ig continuing with a further period

of freezing commencing in September, following a period of summer thaw,

Readers interested in the preliminary stages of the work are

referred to earlzer reports (Burgess et al 1982, Geotechnical Science

Laboratories, 1982) on the pProject.

This report has been mainly prepared by David Halliwell and Scott

are given at the end of the report.

The France~Canada Project as a whole is Supervised by a scientifie

committee: Members affiliations indicate the contributing institutions
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project:

Jaime Aguirre-Puente, Laboratoire d'Aerothermique, Centre National

de la Recherche Scientifique;

Lucien Faugeres, Directeur, Centre de Geomorphologie du CNRS, Caen;

Michel Fremond, Laboratoire Central des Ponts et Chaussees, et

L'Ecole Nationale des Ponts et Chaussees;

Alan Judge, Earth Physics Branmch, Energy, Mines and Resources,

Canada;

*J. Parey, Laboratoire Central des Ponts et Chaussees
A. Philippe, Laboratoire Central des Ponts et Chaussees

M.W. Smith, Geotechnical Science Laboratories, Carleton University

**P,J. Williams, Geotechnieal Sciance Laboratories, Carleton
University

*Co—~Chairman (French)

**Co—Chairman (Canadian)

P.J. Willianms

Principal Investigator Avugust, 1983



1. Introduction

1.1 General

This report presents an overview of results from an on-going
Canada-France research project studying the interaction between a buried
pipeline and the surrounding soil material during freezing and thawing
conditions. The project is being undertaken in a large scale
temperature-controlled facility in Caen, Franée. This facility was
originally constructed by the French government for studying seasonal
freeze-thaw problems relating to highway construction (Philippe et al,
(1970). The facility has been refurbished and modified for its use in
the present project. A report describing the experimental model,
preparation of the test facilities and instrumentation, and related
laboratory testing has already been submitted for Phase 1 of this
project (Burgess et al, 1982).

Much of the work regarding pipe stress and soil méchanical
properties in the experimental model is being carried out under am
associated contract “Feasibility Study for Stresses in a Pipeline Buried
in Freezing Soil". A report detailing instrumentation and analytical
procedures for these aspects of the experiment has been submitted to
Department of Energy, Mines and Resources, Earth Physics Branch
(Geotechnical Science Laboratories, 1982).

This report describes the course of the experiment over the last
year, from the beginning of the freeze cycle in September 1982 to the
beginning of the thaw cycle in the summer of 1983. The collected data

are summarised to describe the important features of the experiment.
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Detailed analysis and interpretation is being carried out and will be
presented in subsequent publications. Detailed descriptions of the

experimental model and facilities are available in the earlier reports.

1.2 Background to the Experiment

This project is a response to the need for fundamental kaowledge of
freeze—thaw phenomena relating to chilled gas pipelines in arctic and
sub—arctic environments. ‘The facility in Caen, France provides a
temperature-controlled room 8m X 18m which can be filled with soil to a
depth of 2m. A 273 mm diameter pipeline is buried across a transition
between a sandy soil (slightly frost susceptible) and a silt soil
(highly frost susceptible). This indoor enviromment has two advantages
over an outdoor field site:

1) natural variations in hydrologic, thermal, and physical soil
conditions can be largely eliminated, and initial conditions can be
selected to suit the experiment;

2) the protected indoor environment allows a much more detailed and
complex instrumentation set-up, which is required to provide the
necessary fundamental knowledge for predictive models.

The experimental conditions were selected to simulate the autumn
start—up of a chilled gas pipeline in an unfrozen area (discontinuous
permafrost), with simultaneous cooling of soil at the surface and around
the buried pipe. (Air temperatures and pipe temperatures are controlled
independently). As a result of the differential heave between the two
s0ils, and the high uplift resistance of the frozen sand, stresses

develop in the pipe.



2. Experimental Conditions (September 1982 to July, 1983)

2.1 Operating Conditions

The initial conditions for the experiment called for soil
temperatures approaching 0°C at the surface, in order to miniﬁize
temperature gradients and heat fluxes once freezing had started. A
period of cooling from the surface preceded initiation of freezing, but
time constraints precluded establishment of isothermal conditions (see
Burgess et al, 1982), At the start of freezing, the water table was
located at the top of the buried pipe.

Freezing from the surface was initiated on September 21, 1982. The
air temperature in the room was lowered to —-5°C for about 6 hours,
then raised to ~0.75°C. The short, intense cooling at the start was
intended to assure nucleation of ice crystals in the soil, thus avoiding
problems of supercooling. Freezing around the pipe was initiated on
September 23, 1982 by lowering the gas (air) temperature in the pipe to
-59C for about 16 hours, after which the temperature was raised to —
29C. These temperatures of ~0.759C (room air} and -~2°C (pipe air)
were maintained for the duration of the freezing cycle except for very
short interruptions.

For both room and pipe temperatures, the temperature of the
circulating air was controlled rather than the ground surface or
pipe surface temperatures. Surface temperatures were measured, but were
not considered in adjusting the control systems. Room temperature was
measured near the centre of the room using a thermocouple and a

thermometer placed in a beaker of anti-freeze (which damped the
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4. .
temperature fluctuations). A thermocouple exposed directly to the air
at the same location supplemented the damped value, giving an indication
of the short-term variability. The exposed thermocouple fluctuated by
up to + 2°C (higher during defrost cycles); while the damped

measurement showed that temperatures averaged over a period of a few
hours were stable to + 0.5°C. Some variation in room temperature

could be seen due to large changes in outside air temperature. Pipe air
temperature was measured at the two extremities, and the two values
averaged. These two values were found to differ by up to ZOC, due to
the flux of heat into the pipe. Generally this difference was less than
1°C. This difference would reverse each time the direction of air

flow through the pipe was reversed (every 4 hours). The average pipe
temperature was generally controlled to + 0.5°C. Variations in pipe.
temprature for periods of more than an hour were negligible (except
during defrost cycles, when no air circulated).

During the first 2-3 weeks of operation, mechanical and frosting
problems with the cooling systems caused several interruptions and
irregularities in room and pipe temperatures. Occasional problems with
the pipe refrigeration system persisted on a minor scale throughout the
freeze cycle.

The water table was maintained at the top of the pipe by adding
water at the base of the soil, through the hydraulic system. This was
continued until the end of November {(about 70 days after initiation of
freezing) at which point it was decided to lower the water table to a
depth of approximately 30cm below the base of the pipe (approximately 90

cm below the surface, or 60 cm below the original water table.) This was
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necessitated by the rapid rate of frost heave which was causing concern,
as was the small rate of frost penetration to that time due to high
water content. This was interpreted as being due to the continuing
growth of a single ice lens adjacent to the pipe which, it was felt, was
not the situation desired for the initial freezing cycle. Addition of
water was halted, and for several weeks the water table was allowed to
drop slowly, this being intended to halt the growth of the lens. 1In
late December, pumping commenced in order to accelerate the drop of the
water table. The new level was reached in lare January 1983, and the
addition of water was started again in mid-February to maintain this
position. This level remained the same to the end of the freezing
cycle. Throughout the experiment, occasional abrupt chahges in water
level were noted, possibly due to infiltration of water from outside the
building during or after rainy periods, but generally the water levels
were regulated to + 3 cm.

On June 8, 1983 the room temperature was raised to + 19C for 24
hours, then to + 4°C to end the freeze cycle and commence to thaw the
soil from the surface downward. Pipe temperature was left at —-20C in
order to maintain an annulus of frozen soil around the pipe. These
conditions are expected to be continued until September, 1983, when a
new freezing cycle is planned to commence. During the first week of
thaw, problems were encountered maintaining the pipe temperature at
~20C. The increased relative humidity in the warmer room led to rapid
frosting in the pipe refrigeration system, inadequate refrigeration and
poor circulation of the air in the pipe. This problem was rectified by

modifying the defrost cycle. Further problems with pipe temperatures



were encountered in July, when a period of 30-35°C outside

temperatures caused repeated overloads of the pipe refrigeration system.
The system underwent numerous automatic shutdowns which required

manual resetting. On several occasions, this occurred during the night,

and the system would be off for several hours.

2.2 Instrumentation and Readings

During the course of the experiment, a large number of readings
were taken on a regular schedule. These readings were then supplemented
by occasional measurements using additional instruments or procedures.
Measurements taken on a regular basis are summarized in Table 1. Most
thermal measurements were taken and recorded automatically, but all
other measurements were performed manually. A number of microcomputer
programs were written — mostly by French staff members in Caen - to
stock a compilation of all data on floppy discs. Tbe data will be
transferred to magnetic tape for transmission to Canada.

After 10 months of continuous operation, nearly all sensors were
still operating normally. Twelve thermistors (eleven in the silt) had
been lost due to leads breaking as the soil heaved, and several markers
for surface levelling had been disturbed. The capacitance probes for
water content measurement mentioned in Burgess =t al (1982) Functioned
only for a short period, and problems were encountered with one frost
tube.

The most serious problem during the course of the experiment arocse
with the_temperature data acquisition system (Solartron Orion) used for

thermocouple readouts. The system was arranged to provide cold junction



AHIHDS NOILVINFWMALSNT T HT9VL
™ (yoes s98end ¢)
*gjusuodwod ureils TIe 893139501 g
3Insesw S9139s0y "ATUC UIBRIlS (@3prag-zrey)
TeUOIXSTJ Soinsesw a3pIiq JITEH Foam lod ssmyl 7 sited 77 ga8end ureaig
uoriemrxoidde sousIayIIpP (yo®e? spoIx ¢)
ajyury Sursn  o8ned 2anieaano, yoam 1dd sdu0 sjuyrod 47 {ad1d uo spoa) sinjyeasany
: jusmainsesu vy3uy Wyeau 1ad souo Spol g7 (°drd uo spoi) uorienoy
*3utdsaans y1edytidg ¥oam aad adu0 spox f7 (2d1d no spoa) Burrreas UOFIBWIOFSQ
adyg
*Juajuod
a2lems USZOIJUn DTIJIWR[OA JO [E2T2I24 9
juswainsesw O[1sulemoxloByry yoam 19d IDUO  [BIUCZTIOY QF {(gaq1) 43lswolosyzay uremWOQ SWIL
: *31d jo aseq woly
padund 10 3B pappe i23eBM JO
QmWNToA pepio2al osty +adpd
3Y3 pue SIOIBIFIUDA WOOI B3IY]
3yl JO Yoe® WOIJ IJBM IS01JPp
pRinsesm pue paloarlon Aep Aisa® 1931BH FO [PAOWSI/UCTIIPPY
Wyoom Iad soamyl ¢ 0z $12]13WOISUL]
*SY[enm [013uod g ul sSuipeax
Aq pejuswarddns Lireorporiag Lep Lioas 7T 819]19WOZI 1] 2180T0aPAH
*94p oruedio jo afueyo Inoyod
Aq yadep 38013 @3®OIPUY woan I1od semyl ¢ G ssqny jsoi1g
yoem Iad sowyy ¢ G7 1038 fmIay]
*sardnooowiay]
se wa3s4s swes Aq peey sxnoy § L1949 [ §93BI4 Xn[J4 3IESYH
“m93SAS
Sut3801-81BpP UOLIQ VOAIABTOG
Aq ArrEoT2RPWOINE pPEOY sinoy 4 L1249 09T °xoaddy (uejueisuo)/uoiy) safdnodomasyg TEmIaY]
slusmon s8utpeay jyo Aousanbaiyg Iaquny ludweINSeay 10 10Suag Jo 2d4] awmTEoy



(@, INOD) mﬂmmom NOIIVINHHOYISNI T F14VL

*€geT ‘aunp
UF MBY] JO SY23M M83 3ISATF ay3 Buranp pue ‘zgg[ ‘19qo32(Q pue Jequaideg uyr Suizeosag
JO s¥o®m M97 1811y Sy3 Buranp Lriuenbsay oxow uewe; siom sfuipeay *jusmriadxa
°431 JO uUOplBINp Y3 JO Isow I9a0 [edIdLl ST axay uaard Surpesa Jo fLousnbaay eayj
"(Z86T) Te 19 8I0WI[TR( pue (286T) T® 3° ssofang

998 ‘S9d1A9p JuBWEINsEOW pue juswede[d l0Suss JO. uotridpadsep poyyelap ® 101 *g'N

*UOTIBWIISD DARIY

1108 I0J sasdIem apraocad
SOSIP DAd perang *4irsuep
[FO0s IB103 JOo sarTrjyoad

S3ATH  *8IEP 03 SUOp s§yjuow 4 SUOFIIVS-SSOID 7
SI1URWIINSEIW JO §188 ¢ L[uQ L1249 °xo0addy Uf safr3oad g §9q01] £Ley euues
y99u 1ad ssmry ¢ ST S[T®) 8aINssalg YlaBy [2I0TH

*81afe] [T0S JO 1UamzAOW
SATIBTAI 21BDTIput ‘yalusy
SNOTIEA JO Saqnl Palsay ‘yosm aad eoup s188 4 ur g¢ (9a®3y TT05) saqny Surdodssayw],

‘yyuom 1ad souno

sjurod [Ty -yooM glalsmeIey
‘WN1Ep SPISINO PIXI] 1ad souo sueyrlvos 110§
01 paduszagex sjurod [y ~88S010 7 pUB SYXY sjurod gz7 (®0eJans uo siurod) Surrysssy Te0184yg

ERRETTGTeTY _ s8urpesy jo Adusnbaig Ioquny JUSWRINSEIY 10 I0Suag jo adil SmHey




o o2 ) Jlgh == ) {2 Lo o

compensation on the connectors at the rear of the instrument. During a
perlod of particularly cold weather in Caen in February, it becanme
evident that temperature readouts in the pit were showing diurnal
variations which could not be real. Testing indicated that the problem
originated in the data acquisition system, due to rapid changes in

temperature in the instrumentation room. Improved temperature

" regulation in the room greatly reduced the problem of variations, but

continued testing indicated that the method of cold Junction
compensation was inadequate. Efforts continued until June to ameliorate
the temperature conditions around the connectors of the data system, but
it was eventually concluded that all cold junctions would have to be
transferred to an external reference point. The series of tests carried
out indicated that overall accuracy of the thermocouple readouts during
the period described in this report was likely no better than several
tenths of a degree. |

Supplemental readings not presented in Table 1 ineclude; temperature
soundings in small-diameter plastic tubes embedded in the soil,
temperature measurements in plastic cups filled with antifreeze placed
at various positions on the surface (to monitor areal variations in air
temperature), measurement of the growth of fissures at the surface due
to differential settlement during thaw, gravimetric determinations of
water content versus depth prior to thaw, and thaw depths determined by
probing with a small diameter rod. The results of some measurements
indicated possibilities for other, future measurements: for example,
problems encountered during gamma ray measurements around the pipe, as a

result of horizontal deformation of the access tubes, suggested a
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possible means of measuring horizontal heave components.
Several examples of data collected during this period, along with a
qualitative discussion of some of the more salient features, is given in

the following section.

3. Data Presentation

3.1 General

The data presented in this section has been chosen to illustrate
-some of the more important results of the experiment between the start
of the freeze cycle in the fall of 1982 and the end of the contract
period on June 30, 1983. Since eight of the nine months during the
period were occupied by the freeze cycle, primary empﬁasis has begn
given to the period between the start of the freezing on September 22,
1982 and the beginning of the thaw on June 8, 1983. A complete analysis
of the results of the thaw period of the experiment will be discussed in
later reports. A location Plan of the experiment arrangement is shown
in fig. 3.1, showing instrumentation and location of cross—section with

particular instrumentation.

3.2 Thermal Regime

The analysis of the thermal regime during the course of the
expériment was complicated by the unreliability of some of the
temperature measurements as recorded by the data acquisition system.
(See Sectionm 2.2). The figures relating to the thermal regime represent

the best estimate from all of the available thermal data. The accuracy
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of individual temperature measuremznts was found Lo be only about
+ 0.2°C,

Figures 3.2 and 3.3 present the changes in the thermal gradients
beneath the centre line of the pipe during the freeze cyele, Although
isothermal conditions near 0°C were desired at the start of the freeze
cycle, time constraints limited the cooling of the two soils. As shown
on the figures for September 22, 1982, the temperatures in the two soils
were slightly warmer than desired, with the silt being warmer than the
sand.

The progression of the 0°C isotherm beneath the centre line of
the pipe in the sand and the silt is shown as Figure 3.4. This
figure shows the relatively slow progression in the silt and the more

rapid progression in the sand.

3.3 Hydrologic Regime

Water content profiles beneath the centre line of the pipe have
been determined from Time Domain Reflectometry (T.D.R.) probes installed
in the two soils. Figures 3.5 and 3.6 show the distribution of the
unfrozen water during the freeze cycle of the experiment. These
profiles show a significant drop in the water content in a zone 100 -
- 200 mm beneath the position of the 0°C isotherﬁ. This phenomenon
appears to be a result of dessicationxof the soils beneath the frost
line as water migrates under cryosuction forces towards the zone of ice
formation.

Water content profiles as determined by the T.D.R. probes were

found to be relatively unaffected by the lowering of the water table
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Figure 3.2 Generalized temperature profiles beneath centreline of pipe. Sand section AA.

(Best fit profiles derived from thermistor and corrected thermocouple observations).
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Figure 3.3 Generalized temperature profiles beneath centreline of pipe. Silt section BB.
(Best fit profiles derived from thermistor and corrected thermocouple observations).
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UNFROZEN VOLUMETRIC WATER CONTENT Buf (cmBCm'3, %)
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Figure 3.5 Unfrozen water content of sand beneath centreline of pipe.
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Figure 3.6 Unfrozen water content of silt beneath centreline of pipe.
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carried out near the beginning of January. This is likely the result of
the high capillary rise in the silt, maintaining approximately saturated
conditions and the deeper depth of frost penetration in the sand which

almost reached to the water table.

3.4 Pipe Deformation

Deformation of the pipeline began during the first Eew weeks of the
freeze cycle when differential heave between the silt and the sand began
to occur. As shown on Figure 3.7 this caused an upward displacement of
the pipe in both éoils with pipe deformation occurring in the transition
zone between the two soils.

Determination of the state of stress within the pipe has been
carried out according to the procedure outlined in the report,
Geotechnical Sciences Laboratories, 1982. Build up of stress within the
pipe is shownLit four periods during the freeze cyclg on Figures 3.8,
3.9, 3.10 and 3i11. Figure 3.11 indicates that a maximum stress of
about 115 MPa or about 507% of the yield stress was present near the end
cf the freeze cycle.

A comparison of the various methods of measuring pipe stress has
been shown on Figures 3.9 and 3.11. A qualitative appraisal of these
results indicate that the strain gauges are the most reliable method of
measuring stress. The curvature device and the angle plates which
directly monitor movement of rods fixed to the pipe, secem to be
functioning as expected, however significant scatter is present in some
of the results. This is likely a result of disturbance to the vertical
rods and in the case of the angle plates, movement of individual

plates.
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3.5 Physgcal Soil Parameters

The relative movement of the surface of the two soils has been
shown on Figure 3.12 -~ 3.18 which are a series of surface contour maps
indicating net heave. These plots illustrate the undulating nature of
much of the surface of both soils and the roughly synuetrical heave over
the pipeline axis.

Observations with the telescopic heave tubes show these to be
working satisfactorily and the observed heaves are in accordance with
frost penetrations depths. Because total frost penetration in the silt
is only 30 cm, relatively few of the observations can be used to
interpret possible strain of already frozen ground. As yet these
readings give no indication of such strain, but the renewed frost
penetration in September and subsequently, will allow further study of
this.

The limited frost penetration also means that only two of the
installed Glotzl cells show any significant effect due to frost heave
generated pressures.

The programme of observatiomns for these and other parameters being
obsarved at Caen is summarised in Table 1.

Work on tﬁe determination of the creep parameters of the frozen
ground, which is particularly important for analysis of pipe stresses,
has been initiated at Ecole Polytechnique. These observations must be
extended to include a range of temperatures, and these studies are

continuing.
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4, Continuation of the Experiment

4,1 Experimental Conditions

Current planning calls for continuwation of the thaw cycle until
early September, 1983: the room temperature is being maintained at
+4°C and the pipe temperature at —2°C. 1In September, a second
freeze cycle will commence with room temperatures slightly below
freezing and a significantly colder pipe temperature.

During the course of the thaw period, extens;ve fissures up to 3-
4mm wide developed along the axis as a result of settlement of soil on
either side of the pipe. Im addition, foot traffic during readings
tended to compact the soil along frequently travelled paths. Sheets of
porous geotextile were placed on the soil surface to reduce the
disturbance, but variations in soil density near the surface are likely
important. Some form of compaction will probably be necessary prior to

starting a second freeze cycle.

4.2 Equipment Modifications

As a result of the first year of operation, several modifications
to equipment and instrumentation are planmed. The primary concern is an
improvement of the thermocouple readout system (Solartron Orion data-
logger) mentioned in Section 2.2. Tests to determine the best way to
provide adequate cold junction compensation were carried out in June and
July, 1983, and a method has been selected using an external 0°C
reference. Tests using all recoverable thermocouples suggested that the

selected method would provide an overall accuracy of better than
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0.1°C. Conversion of all thermocouples to this new configuration had
been started in July, for completion prior to September. Conversion
could be carried out without removing the thermocouples from their
locations in the pit.

To supplement existing temperature sensors, personnel at
Laboratoire Centrale des Ponts et Chaussees (Paris) are working on a
semi-automated system to provide temperature profiles im the small
diameter plastic "wells". A major advantage of this form of sounding is
the ability to alter the sampling increment with depth, to provide a
more detailed and more precise determination of the 0°C isotherm.

Consideration was being given in Paris to obtaining a more precise
angle level for measurement of the slope (rotation) of the rods attached
to the pipe. The current device is not sufficiently accurate to
calculate curvature {and thus stress) in the pipe. It is likely that
this system would require a fixed plate on each rod, instead of the
current use of a moveable plate, in order to provide cansistent
results.,

An overhaul of the pipe refrigeration system, with particular
reference to defrosting procedures, is intended prior. to September. Ice
accumulation problems encountered at the beginaning of both the freeze
and thaw periods were never completely solved, and this problem would
likely be accentuated if a colder pipe temperature is used in September.
The ventilation system in the cold room will also likely be slightly

modified, in order to improve temperature uniformity.



34

ADMINISTRATIVE NOTE

During the year covered by this report July 1, 1982 to July 1, 1983
the success of the France ~ Canada cooperative project has become
evident, with the obtaining of a full sa2t of observations of pipe and
ground behaviour during a ten-moath freezing period.

On the Canadian side, Margo Burgess and Gilles Lemaire were
involved in an intense period of work prior to commencement of cooling
of the pipe. After their departure Scott Dallimore remained at Caen for
a period of four months as field project manager and was succeeded by
David Halliwell for a six month period. The work of both resident
Canadians was praised by the French. During the year the Principal
Investigator (P.J. Williams) made Ffive visits from his temporary
position in Cambridge, England. Several visits were also made by M.W.
Smith, and by several scientists not directly involved in the work but
interested in the Canadian involvement. The French student resident at
Caen, Bernard Cotte, terminated during June and a replacement is
expected for September.

Work continued on the creep properties of the two soils with
samples shipped from Caen, to Centre d'Ingénierie Nordique, Ecole
Polytechnique. Gilles Lemaire, who has been responsible for the initial
creep tests, has also prepared a thesis relating to pipe—ground
interaction. Dr. B. Ladanyi has been a consultant for the project in
these aspects. Dr. W.H. Bowes has been a consultant for analysis of
pipe behaviour.

Several formal visits were made to the facility by senior French
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personnel from the contributing French organizations. The project has
been the subject of several favourable articles in French newspapers.

There was no cost overrun with the contract in spite of a number of
unforeseen requirements and a continuing high level of inflarion
throughout the period, in France. Increases in cost of certain budget
items were fortunately balanced by savings on other items - especially
living costs which were reduced by the obtaining of a small apartment
for the resident Canadian personnel.

The project has already provided a substantial and unique
experience for five Canadian graduate students. The value of the
Canadian expgrtise 50 gained, will become more evident in the future.

In addition to this educational role the project has now supplied
valuable data for elucidating important problems relating to frost heave

of pipelines in cold regions.
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