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Abstract 
Reliable instrumentation will be needed to 

monitor the performance of future high-level waste 
repository sites. A study has been made to assess 
instrument reliability at Department of Energy (DOE) 
waste repository related experiments. Though the 
study covers a wide variety of instrumentation, this 
paper concentrates on experiences with geotechnical 
instrumentation in hostile repository-type environ
ments. Manufacturers have made some changes to 
improve the reliability of instruments for reposi-
tories. In this paper, we will review the failure 
modes, rates, and mechanisms, along with manufacturer 
modifications and recommendations for additional 
improvements to enhance instrument performance. 

Intrpfljction 
In June 1981, the U.S. Nuclear Regulatory 

Commission [NRCJ published proposed rules requiring 
tne measurement of specific geotechnical parameters 
for nigh-level nuclear waste repositories. To pro
vide guidance in complying with these proposed rules, 
the Geological, Environmental, anc Radiological F v d c 
Measurement System Evaluation Project of the Lawrence 
Livermore National Laboratory (LLNL) has been con
ducting studies for the NRC Office of Research. 

The purpose of one of the studies is to examine 
the reliability of instrumentation which may be used 
at future waste repository sites. Using stuoies of 
instrument reliability and failure mechanisms and 
on-site observations, this paper reports on the 
status c' instrument reliability in specific areas 
of waste repository instrumentation and identifies 
needeo gectechnical instrumentation improvement. 
Site visits to Department of Energy (DOE) waste 
repository experimental sites dave yielded first
hand observations of problems and progress maae by 
DOE experimenters in solving some of these problems. 
The major sources of instrument-tiur. experience 
reported herein was obtainer ,'rom individuals, and 
reports of their work on the Stripa Project conducted 
by the Lawrence Berkeley Laboratory, the Climax Spent 
Fuel Test conducted by the Lawrence Livermore National 
Laboratory, tne BwTP Project conducted by Rockwell at 
it's Hanforo Operations site, ant) RE/SPEC at Avery 
Island, Louisiana. 

Instrumentation will play an important part in 
monitoring the operation and integrity of future 
high-level waste repositories. Once a repository is 
built, instrumentation will be vital to ensuring the 
integrity of the site by monitoring critical geo
logical, environmental, and radiological.parameters. 

Due to the long operational phase of the 
repository, instrumentation selected for use should 

be the most reliable state-of-the-art instrumentation 
available. The following figure illustrates the 
repository time line. 
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During the course of tne LLNt stuoy, it was 
found that geotecnnical instruments appeared to nave 
numerous reliability problems. In tne following 
sections we discuss some general findings, tne types 
of problems encountered, improvements maue by manu
facturers, and areas where improvements are still 
neeoeo to enhance and improve performance ano 
reliability. 

A major problem which has contributed to poor 
instrument.performance has been the transfer of 
technology from instruments oesigneo for ambient 
temperature civil engineering applications into nigh 
temperature hostile environment repository applica
tions. This technology transfer is a logical first 
step; however, many of the instruments have not pro
ven to be adeouate in tne more hostile environments. 

General Finoinqs 

The more sophisticated electronic oata acouisi-
tion systems and computer-based control ano monitor, 
ing systems performed well in most repository related 
experiments. Raaiological monitoring ano environ
mental monitoring systems al>o performeo reliably. 
The geotechnical instrumentation appeared to be tne 
weakest link in repository instrumentation. 

One of the major problems was the impact of tne 
high temperatures encountered in the repository 
simulated experiments. Many instruments reouireo 
large corrections to acouiree qata aue to tne effects 
of the high thermal environments. The large tem
perature corrections in some cases exceeoeo the 
actual measurements. 

Other failure mechanisms wnich plagued the 
applications of geotechnical instruments incluoea 
water intrusion and corrosion. In the short-term 
experiments, these mechanisms createo a number of 
reliability problems ano could prove to be a major 
problem in future long-term applications of instru
mentation in high-level nuclear ,<aste repositories. 
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Multiple Position Borehole (Rod) Extensometer (MPBX) 

The rob extensometer is a common device for 
measuring Manges in axial length along a borehole. 
The reliability information presented here was gained 
from fiela °xperiences involving 125 multiple posi
tion rod extensometers at four 00E experiment sites. 

The four major components of these MPBXs are: 
(1) the anchor, (2] the anchor-to-head rod connection 
mounted inside a waterproof flexible conduit, (3) a 
rod tensioning system, and (4) a head assembly which 
can include displacement transducers. The 112 
extensometers installed in basalt and granite 
experiments used hydraulic anchors and electronic 
sensors, while the 13 extensometers installed in the 
Avery Island salt experiments used mechanical anchors 
and dial gauge readouts. Extensometers with three, 
four, or six anchor positions were used, as shown in 
Table 1. ye will concentrate on experiences with 
those systems used in the basalt ana granite experi
ments. 

Two types of electronic sensors have been used: 
linear potentiometers and linear variable differen
tial transformer (LVDT) type transducers. Of the 
315 LVDTs used in basalt and granite experiments, 
there have been no confirmed catastrophic failures 
reported. However, tnere has been one reported 
experience indicating complete failuri in attempts 
to use LVDTs in experiments at one of the salt sites. 

Patrick et al. (19f.l) has reported the failure 
of 23 linear potentiometers from a total of 56 
transducers (i.e., 41X) used on 14 four-anchor rod 
extensometers at one experiment located in granite. 
Another 60 linear potentiometers on similar extenso
meters, at the same site but in parallel drifts, 
have performed without failure. The failure mode 
was a nonlinear change in the electrical resistance 
of the potentiometers with time, resulting in the 
data acquisition system recording erroneous indica
tions of several millimeters of displacement (some 
indications exceeding 5 mm). All of the failed 

transducers were on vertically installed extenso
meters located in the main canister arift, and all 
were located 1.4 to 2,0 m from the heat sources. It 
is also worth noting that there was a high ' ilure 
rate of vibrating wire stressmeters located in the 
same general area. A number or" tests have been 
conducted to determine the cause of failure of the 
potentiometers, and a number of possibilities 
prevail, but no definite cause has been loentifieo. 
Tna linear potentiometers on extensometers where 
failures occurred have been replaced with \ selection 
of other linear potentiometers, LVDTs, anc electro
magnetic proximeters to evaluate their performance 
under similar conditions. 

Hydraulic anchoring systems, in which a copper 
bladder is inflated against the borehole wall tD set 
each anchor, were used on MPBXs in the granite and 
basalt experiments (see Table 1). It was felt that 
hydraulic anchors would provide good compliance to 
borehole deformations. Grouting was used in the 
granite experiments to supplement the anchors. At 
Stripa the boreholes were completely filled with 
grout (Schrauf et al., 1979), and at Climax, the 
grout columns were interrupted by closed-cell foam 
rubber expansion joints to isolate axial displace
ments (Brough and Patrick, 1982). Of the 370 anchor 
sy.items where hydraulic pressures were monitored, 
approximately lib (i.e., 31J) have gone to zero 
pressure or failed to maintain a minimum pressure 
over a 24 hour period. It has not been individually 
determined whether the failures were in tne bladders, 
hydraulic tubings, or fittings. A few anchor systems 
failed when initially inflated and a few more failed 
with increased hydraulic pressures during heating, 
however, the majority of failures have occurred unoer 
controlled pressures as the experiments progressed. 
Some of the bladders may simply have burst into voids 
or fractures intersecting the boreholes, which is 
more likely in a highly fractured media. Other 
pressure failures may have occurred at fittings or 
in tubing, or in the bladder surface within the 
borehole, which is more likely where grouting old 
not surround the nyortulic system. Both of these 

Table 1 . R u l t l n l e Posit ion Borehole (Rod) ExtensDKter (BPBI) Fa i lure Rate 

Transducers Anchors 

User [Media) 
No. used 

and 
Posi t ion! 

Total 
Posit ions Slope Period 

Type 
No. 

Failed 
(1) 

I 
Failed Type 

Loss of 
Pressure 

I 
Loss 

BWIP-NSTF 
(Basa l t ) 

21-4 p t . 
1.3 p t . 

29-3 p t . 
} 87 

8? 

Ver t . 

Hor iz . 

460 days 

1 
LVDT 

1 
D 

0 

Hyoraulic 

1 1 
1 87 50% 

Ufl l -Cl imax 
(Grani te) 

l a .a p t . 
4-3 p t . 
8-6 p t . 

56 
12 
48 

Ver t . 
Hor i z . 
Inc l ine 

365 days Linear 
Pot. 

23 
0 
0 

411 Hydraulic 
& Grouted 

• } 
17 3UJ 

(2) unknoiin 

LBL-Stripa 
(Gran u e j 

17-4 p t . 
18-4 p t . 

68 
72 

Ver t . 
Hor i z . 

550 days 

1 
LVDT 

i 
0 
0 

- \ } 11 i\ 

PE/SPEC-Avery 
( S a l t ) 

13-6 p t . 78 - 1000 days Dial Mechantea' i 2 f a i l u r e s 2 .61 (3) 

(1) Erroneous readings. 

(2) used hydraulic anchors with check values and no pressure monitoring. Anchors were also grouteo, 
(3) Suspicious readings, possible anchor movement. 
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two possibilities may explain the higher incidence 
of anchor pressure failures in the basalt experi
ments (Table 1). Oespite the number of anchor system 
pressure failures, there have been only two cases 
reported where anchor slippage may have occurred. 

Milder et al. (1982) reported that the majority 
of rod extensometers in waste isolation projects 
used Superinvar (a nickel-cobalt steel alloy) roa;, 
because at temperatures below approximately I50°C to 
ZOO'C, Superinvar has a low coefficient of thermal 
expansion relative to mild steel. However, mild 
steel rods were used in some cases where only 
moderate temperature rises were expected. It was 
also recommended that Superinvar rods be put through 
the full HIT three-cycle heat treatment to reduce 
hysteresis. For accurate measurements at elevated 
temperatures, the thermal expansion characteristics 
of the roas must be carefully determined. This is 
particularly important with Superinvar where the 
thermal expansion is non-linsar with temperature. 
During use, temperatures must be measured at a 
sufficient number of points along the rods to provide 
a temperature profile adeduate for thermal expansion 
corrections. 

Friction, or "stictioi", within extensometer 
systems has also ueen reported as a problem that has 
resulted in a stick-slip response at the sensors. 
Tests Jone at Stripa releasee as much as 80 urn of 
stored rod displacement by lightly rapping the 
ex'.ensometer head assemblies. A routine was then 
instituted to periodically rap each instrument heao 
to continuously release the friction (Binnall, 1980). 
Several latora.'piy tests nave followed to determine 
sources of this vnction, ana a number of design 
improvements have been made in later extensometers 
to help -ecuce the problem. 

Cases of failures in the waterproof conduit 
•.ystffii have peer, observed, allowing water or 
moisture to reach the rods. In some cases, rusty 
wate>' has flowed from the rod conduit into the heao 
assemblies Causing damage there and indicating the 
possibility of rod oxidation and corrosion. There 
nave been no confirmed catastrophic rod failures, 
.ino only two cases reported wnere either a rod or 
jncnor aiglit have failed; however, rod corrosion and 
anchor system corrosion must be carefully consioered 
•here long-term reliability is required. 

Despite the numerous problems, most of the 
'IPEXS used in the DOE experiments have been fairly 
reliable considering they were not designed to last 
for several years, nor to operate unattended and 
unmaintained in a repository-type environment. 
However, it must be noted that trie performance 
experienced to date would be unacceptable for 
repository monitoring where it is expected that 
long-term monitoring, tens of years, will be 
reouirea (Wilder et al., 1982). 

Numerous improvements have been made since the 
first extertsometers were installed at Stripa. The 
latest designs have yet to be tested in actual 
repository experiments. Attempts have been made to 
reduce friction with every design iteration; some of 
the latest include an individual conduit for each 
rod. Improved anchor systems have also been designed. 
Weil designed mechanical, grouted anchors may ulti
mately be the best solution. At least one of the 
latest designs includes rods that can be easily 
decoupled from the anchor for removal or for move
ment to a second level at the anchor to aid in 
eitensometer calibration. 

There is still need for additional improvements. 
This includes transducers that can function reliably 
and accurately at actual repository temperatures. 
Moisture intrusion and corrosion problems must be 
solved. Also needed is a method to perform a simple 
in-situ calibration; the ideal calibration woulo 
move the rod at the anchor end to simulate actual 
rock displacement. At least one manufacturer 
(European) produces a single rod extensometer with a 
transducer located at each anchor for multiple posi
tion measurements. Unfortunately, the present oesign 
is not suitable for use in a repository environment, 
but the basic idea has a number of merits. 

USBH Borehole Deformation Gauge 
The three-component borehole deformation gauge 

was originally Developed by the U.S. Bureau of Mines 
for short-term use at ambient temperatures to measure 
in-situ stresses by the overcoring method (Hooker et 
al., 19)4), ano is highly reliable in that applica
tion. The gauge is typically used in a 3B mm bore
hole to measure three components of diametrical 
change 120° apart. Deformations are measured by 
strain gauges mounted on three pairs of opposed 
cantilever beams, whicn in turn are coupled to the 
borehole wall by six pistons 60° apart. Laboratory 
tests in aluminum and steel have yielded accuracies 
of D.002 mm ana sensitivites of (J.001 mm. 

DOE experimenters elected to use USBH gauges at 
Stripa and BWIP to make borehole oeformation measure
ments for in-situ stress change calculations, The 
experiments, unlike previous applications of this 
gauge, were longer term (about 2 years) ana in 
hostile environments, A number of modifications 
were made to meet the anticipated hign temperatures 
(up to ZOO'C); however, gauge deficiencies still 
resulted in high failure rates as shown in Table 2. 

Table 2. USBM Gauge Failure Rates 

So. % 
User Qty. Failed Failed Perioo 

BUIP-NSJF 2C 1S(1) 66*, ISO oays 
LBL-Stripa 30 19 634 550 oays 

(I] Failed or suspect (Oeju, Nov. 1981) 

The failure rates are actually worse than indi
cated by the table. Hany of the faileo gauges were 
repaired and reinstalled, failed again, and were 
repaired a second or even third time. 

The major factors affecting USBM gauge survival 
have been attributed to moisture ana corrosion. 
Even small amounts of moisture within the gauge can 
affect the strain gauge reaoings. There have been 
cases where large amounts of water have entered the 
gauges causing catastrophic failures. A number of 
failures nave been attributed to corrosion of the 
wiring, connections, ano strain gauges. There have 
also been signs of corrosion of some of ttie internal 
mechanical components, such as at tlie piston/canti
lever, interfaces. Though there has been no evidence 
of external corrosion of the gauge's stainless steel 
body, corrosion has attacked other external compo
nents such as pistons ana centering springs, corro
sion of the pistons can reouce the effective piston 



length and be interpreted as borehole deformation, 
and failure of a centering spring can allow the gauge 
to pitch in the borehole, also affecting measurements, 

USBM gauge accuracy and reliability are also 
affected by temperature. There have been cases '.here 
thermal expansion of epoxies have broken very fine 
strain gauge wires. Gauge sensitivity and offset as 
a function of temperature and giuge thermal expansion 
are relatively easy to characterize; however, sensi
tivity and offset are subject to long-term drift 
which is greatly influenced by temperature. The 
magnitude of drift is not predictable and must be 
quantified by some method such' as periodic recali-
oration in o.uer to accurately measure deformation 
(wilder et al., 1982). 

As gauges have been removed ano rebuilt, a 
continuous progression of improvements have been 
made and new Designs have evolved: moisture 
barriers have been improved, electrical connectors 
have been replaced with electric feed-through pins, 
electrical cables have been made more water tight or 
replaced with more water tight cables, internal com. 
ponents have been coated with mpisture barriers, 
strain gauge mounting techniques have been improved, 
ann improved strain gauge adhesives have been usea. 
One improved version included filling the gauge body 
with a silicone oil to displace moisture, which 
appears to have increased gauge life. 

The most likely locations for water intrusion 
into Che gauge are at the pistons mi the cable. 
One of the latest designs, yet untested, provides a 
bellows between the pistons on th» outside and the 
internal cantilevers. It also includes a water 
tight flexible stainless ste:l conduit welded to the 
gauge for the electrical cable. One other recent 
improvement is that the gauge can now be manufac
tured from titanium which reduces its weight by 13% 
(Rogue, 1982). 

Despite the many significant w.provereits, the 
'JS3M gauge is still not at that point where it can 
be used unattenoed over long periods of time in a 
reoository environment. The corrosion and moisture 
intrusion proDlems must Be eliminated, and the bng-
term drift proDlems greatly reouceo. Additionally, 
some techniques should be employed so that in-situ 
ca'ibrations can be performed. Previous investi
gators have used a gauge with cantilevers activated 
by internal air pressure. The USBM gauge should 
continue to De developed unless a more promising 
instrument cones along. 
Vibrating Hire Stressneter (VMS) Gauge 

The vibrating wire stressmeter operates on the 
principal that a change in tension on a wire causes 
a Change in its fundamental period of vibration. 
The gauge body consists of a hollow steel cylinder 
with a highly stressed steel wire stretched across 
its diameter. In use, the cylinoer is installed in 
a borehole and substantially preloaded in the 
direction of the wire axis by means of a slioing 
weoge and platen assembly, Lhus forming a rigio 
inclusion. Stress changes in the surrounding rock 
slightly diform the cylinder causing changes in the 
natural period of vioration of the wire (Hawkes ana 
Bailey, 1973). The natural period is measured, 
periodically, by electromagnetically »xcitino the 
steel wire and monitoring it for 100 oscillations. 

Although VKS gauges have proven reliable in a 
wide variety of geotechnical applications, numerous 
problems have been encountered with their use at 

elevated temperatures in waste isolation experi
ments. The hostile environments have resulteo in 
excessively high failure rates as shown in Table 3. 
The primary cause of failures has oetn either mois
ture leakage into the gauge oody-cavity or into the 
electromagnetic coil assembly; or possibly entrappeo 
humidity in the gauge at the time of manufacture 
(Hilder et al., 19B2). The mechanism of failure 
within tne body-cavity has been identified as corro
sion, especially to tne wire itstlf (Patrick et al., 
1981). In addition *o failures, internal corrosion 
involving the wire C I N influence tne basic calibra
tion and response of the unit. 

Table 3. VWS Gauge Failures 
no. % 

User Qty. Faileo Faileo Perioo 
Li) 

BW1P-NSTF 40 31(2) 7U8 45U days 
LUIL-Climax IB 13 72* 36b oays 
LBL-Stnpa 26 t> 271(3) J50 days 
SE/SPEC-Avery 84 24 29* 1001) oays 

(1) Quantities initially installed, not including 
replacements 

(2) Faileo or suspect (Deju, Nov. I9ul). 
(3) Fo.r g au ae: removeo early are not included in 

this calculation. 

Asi"e from the internal corrosion prod lens, 
numerous other problems have plagued the performance 
of tne VWS gauges. Gauges used in the earlier 
experiments, conoucteo at Stripa, also experienceo 
severe externa] corrosion of the mil a steel oooies. 
To avoid tnis proolem, BHIP ano Climax experimenters 
suggested improvements in oesign whicn incluoeo 
addition of a b mil electroless nickel platiny on 
tne inside and outside of tne gauge body to innioit 
corrosion. However, u-ring seals were still useu. 
It was later oiscoverea that plating the inside of 
the gauge body may nave exaceroatec tne wire corro
sion proolem by removing a rustaole surface within 
the gauge which otherwise might nave acteo as a 
"getter" for small amounts of water (Patrick et al., 
1982). The manufacturer has subseouently designed 
ano tested a hermetically sealed, evacuateo version 
of the gauge in which the cavity containing tpe 
steel wire is sealed ny electron-beam welding thin 
stainless steel cups inside the body. Concurrently, 
the manufacturer developea a new technique for 
sealing the electromagnetic coil assembly. Nine of 
these gauges have been in use at Climax since dune 
1981, with no reported failures, ano others are in 
use in BW1P experiments. 

Other problems arise in tne complexity of the 
data analysis. Gauge response is a function of rock 
mooulus ano roc«/gauge moouli interactions, which in 
turn are temperature and measurement mstory depen
dent. Thermal expansion characteristics of tne rock 
ano gauge must be taken into account. Operating at 
elevated temperatures can require corrections to 
field data several times larger than tne expected 
in-situ stress changes. It has also been observed 
that misalignment between the platen, wedge, gauge 
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body, and borehole can cause wioe measurement varia
tions. Measurements are also sensitive to gauge 
preload, body corrosion, modulus change in the 
steel, and localized rock crushing and microcracking 
under high inclusion forces. Installation setting 
teelniaues need to be improved and gauge drift 
problems decreased. 

Though significant improvements have been made 
tu the vibrating wire stressmeter, it is obvious 
that there are still numerous problems to be solved 
before the gauge can be effectively used to measure 
stress for long periods in a repository environment, 

Thermocouples 
Thermocouples have been the principal tempera

ture measuring device used in nuclear waste isolation 
experiments. A total of 1310 type K (Chromel-Alumel) 
ana type E (Chromel-Constantan) thermocouples »ere 
installed at the three DOt experiment sites in granite 
and basalt (see Table 4 ) . These devices are mechani
cally simple and rugged, and have been relatively 
re 11 ill) le In operation over the periods of the experi
ments (I.I/it to 3 years). 

As shown in Table 4, three types of thermo
couple wire coverings were used: Inconel-600 and 
304-stainless steel sheaths "here higher tempera
tures were expected, and Teflon (type TFE) insulation 
•here initial calculations predicted temperatures 
below 20U'C. 

particular operating condition. Intergranular 
corrosion of 304-stainless steel sheatns necessi
tated replacement of 60 thermocouples installed in 
12 sand backfilled boreholes in close proximity to 
two full-scale heaters. Only 23 of these completely 
failed, but all were replaceo with (5u) Teflon 
insulated and (10) Inconal-60U sheathed thermo
couples. Had the replacements not been mane, it has 
been predicted that 48 thermocouples would probably 
have failed as shown in Table 4. All of the 
failures occurred within the first lot) days of 
experiments that ran for nearly 600 days. Upon 
removal at the end of the experiments the Inconel 
sheathed replacements also showed signs of corrosion. 
Three observations should be noted here. First, all 
sheathed thermocouples used at Stripa had been heat 
treated to stabilize their thermal-electric charac
teristics, inaavertently making tne sheatn material 
more sensitive to intergranular corrosion (Binnall, 
1980). Second, only those thermocouplss in sand 
backfilled holes were effected by corrosion. Third, 
since the Stripa experiments were well oelow the 
water table, the corroded thermocouples were ini
tially in a wet, heated environment. 

Some of the Teflon insulated thermocouples at 
Stripa developea water leakage at the STV coated 
junctions. This causeo no problem in itself, but in 
some of the grouted boreholes, head pressure forced 
water along the thermocouple wire between layers of 
insulation and into the electronics enclosures. 
Even so, temperature readings seemed to remain valio 
when compared with predicted data. 

Taoli e 4. Thermocouple Fai lure Rates 

User Type Qty. 
NO. 

Failed 
% 

Failed Clad Ref. 
(1) (2) 

BW1P-NSTF K 72 0 - I BTD 
E 371 0 - T RTD 

LLNL-Climax K 482 0 - I RTD 
!.BL-StriDa K 385 48 12.5% I,T,S IPR 

TOTAL 1310 4a 3.7% 

Another phenomenon was observed at two experi
mental sites when small quantities of water were 
captured in closeo bottom thermocouple tubes. This 
resulted in a boiling and condensing cycle within 
tne tubing, which caused thermocouple readings to 
oscillate erratically between 100'C and the valla 
tempcatures. This continued until the tubes were 
cleareo of the moisture. 

wilder et al. (1982), makes the following 
design recommendations' resulting from experiences 
with thermocouples in DOE experiments: 
. use thermocouple sheath and insulation material 

that will survive the environmental conditions 
witnout corrosion or decomposition. 

!M ! -• inconel-600 sheath 
T = Teflon (TFE) insulation 
S = 304-stainless steel sheath 

(2) RTD = 3TD monitored isothermal blocks 
IPR = Ice point reference. 

Experience has shown that temperature accuracies 
of 1'C or 2S of reading, whichever is greater, are 
easily obtained. With computer-based thermocouple 
conversion routines that include a complete tempera
ture measuring system calibration, these accuracies 
are improved to better than 0.5°C or 0.5%, whichever 
is greater. Thermocouple litmts-of-error and indi
vidual calibration criteria have been .selected to 
meet specific accuracy reduirements.. Experiences to 
date have shown that the selected TCs and tempera
ture references have been sufficiently accurate and 
stable to meet application reauirenents (Milder 
et al., 1982). 

Ibsrs nave been no catastrophic failures of 
thermocouples under normal operating conditions at 
either Climax or SKIP. Catastrophic failures, 
however, were experienced at Stripa under one 

. use grounded junctions in enclosed sheaths. 

. Obtain all thermocouple wire from single material 
melts. 

. Retain control samples of thermocouples to check 
long-term stability. 

, Install tubing whenever possible for traveling 
thermocouples. Take care that this tubing ooes 
not collapse auring installation or grouting. 

. Thermocouples snoulo be removable for recalibra-
tion and/or replacement. 

. Provide a means to drain or remove moisture from 
long thermocouple wells (tubes). 

. Provide periooic loop resistance measurements to 
verify that TCs have not electrically openeo or 
Shorted somewhere along their length. 

Conclusions 

Geotechnical instruments originally designed for 
laboratory and civil engineering applications nave 



been useo for scientih*. measurements in nigh 
temperature repository experiments. The use of 
modified, off-the-shelf instruments, with a minimum 
investnent in design improvements and testing 
programs, have resulted in excessively high failure 
rates. Manufacturers have made numerous improve
ments in their instrument designs resulting from the 
experiences in 00E repository experiments. Even so, 
it appears that further significant improvements in 
geotechnical instruments, testing programs, and 
measurement and analysis techniaues are needed 
before these instruments can be used with confi
dence, over long 'jeriods, in high-level nuclear 
waste repositories. 
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