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An automated-process gas chromatograph is the heart of a gaseous-impurities-analysis system
developed for the Oak Ridge National Laboratory Core Support Performance Test, at which
graphite core-support posts for high-temperature gas-cooled fission reactors are being
subjected to accelerated corrosion tests under t ight ly controlled conditions of atmosphere
and temperature. Realistic estimation of in-core corrosion rates is c r i t i ca l l y dependent
uoon the accurate measurement of low concentrations of CO, CO2, CH4, H2, and O2 in the
predominantly Helium atmosphere. In addition, the capital and labor investment associated
with each test puts a premium upon the re l iab i l i t y of the analytical system, as excessive
downtime or fai lure to obtain accurate data would result in unacceptable costs and schedule
delays.

After an extensive survey of available measurement techniques, gas chromatography was chosen
for reasons of accuracy, f l ex ib i l i t y , good-performance record, and cost. The gas-
chromatography system is designed to automatically perform al l sample-stream selection,
measurement, data reduction, calibration, self-diagnosis, and reporting under the control of
a microprocessor-based control unit . Digital serial communications lines which are
compatible with an on-site PDP-11/34 minicomputer fac i l i ta te automatic data logging and down-
line loading of calibration and operational data, while isolated analog output signals permit
both manual and automatic feedback control of the impurity concentrations.



INTRODUCTION

The design of the High Temperature Gas Cooled Reactor (HTGR) specifies that the reactor core
be supported f*™i beneath by an extensive system of several hundred 20-cm diameter graphite
posts. The combined action of corrosion of the graphite due to impurities in the circulating
Helium and a concentration of stress at the point of loading results in the possibility of
deterioration of the load-bearing capacity of the support structure. It is therefore of
vital importance to estimate the extent of weakening of this crucial HTGR component by
conducting full-scale engineering tests, in which the performance of the structure over its
operational lifetime in the HTGR is simulated as accurately as possible.

The Core Simport Performance Test (CSPT), carried out at Oak Ridge National Laboratory, is an
engineering evaluation of prototypic core support posts in which this testing need is
addressed. In the CSPT, full-scale graphite posts are subjected to compressive loading,
stress concentrations, high temperatures, and corrosion. The impurity concentrations are
selected to produce, after a typical six month test, an integrated graphite weight loss and
corrosion penetration which is equivalent to that expected to be caused by exposure to the
HTG2 environment in the anticipated forty-year HTGR operational lifetime. Table 1 shows the
operating conditions of the CSPT compared to those expected in an HTGR.

As in most accelerated testing programs, the accurate measurement of the pertinent variables
plays a crucial role in the CSPT, where long-term performance results are extrapolated from
short-term test data. This importance can be readily seen from the fact that each day of
testing can be considered to represent eighty days of reactor operation. Thus, an
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experimentally significant but .-.detected deviation from a nominal impurity concentration
could result in inaccurate and misleading design data. By the same tof.-in, the continuity of
test data is important to ensure that the impurity control system stability is"hoi
compromised and that experimentally significant deviations from nominal operating conditions
are recorded. Gaps in the concentration data take on an enhanced importance in the
accelerated test schedule of the CSPT. Because of the tiroe and corrosion amplification
effects, questionable results could be produced if any period of time exists during which the
the concentrations are unknown. Each six-month test represents a substantial
investment in manpower and equipment, the results of which cannot be allowed to be
invalidated by analytical instrumentation malfunctions.

DISCUSSION

After an extensive survey of available imDurity concentration measurement techniques, an
euto-nated process gas chromatograph was chosen as the prime component of the impurities
analysis system (IAS). It is considered to represent a realizable implementation of the
sometimes conflicting requirements of accuracy, speed of response, reliability, versatility,
wide measurement range, and acceptable cost.

A microprocessor-based control unit provides automatic, continuous, and unattended operation
of the chromatograph. All parameters of the system, such as cycle time, calibration
frequency, stream switching frequency, etc., are under programmable control. Program and
operational data are entered via either a dedicated front panel keyboard or from a magnetic
tape cassette. The latter feature permits the rapid initialization of the system for a given
analytical task.

The chromatograph operates on a cycle time of roughly ten minutes. Immediately after a
sample is injected, the stream selection valve is switched to the next stream to be measured
to maximize the time that is available for a fresh sample to flush the sampling system.
Provision exists for sequentially sampling three streams (Fiqure 1): the actual core support
post test environment, the calibration stream, from which calibration constants are
automatically calculated, and an impurity injection line. Software auto-zeroing of the
chronatoqraph detector reading is performed before and after the elution of each peak,
obviating the need for a zero reference gas.



The analytical section of the chromatograph consists of a 2 meter Chromosorb 102 colurn and a
2 meter Molecular Sieve 5A column, with another 2 meter Chromosorb 102 column serving as a
moisture stripper. This latter column is periodically backflushed to remove the accumulated
moisture. Detection is via a filament-type thermal conductivity detector having a dynamic
range of approximately 10^. The repeatability specifications of the chromatograph are shown
in Table 2. These values represent the maximum error observed in 95% of the readings taken
on a sample gas of constant composition over a 24 hour period, as determined by a thorough
quality control testing procedure.

The results of the analysis and system status information are presented on a printer and
simultaneously transmitted to an on-site PDP-11/34 minicomputer for logging. Data can also
be logged on the cassette tape mentioned above. Chromatographs are presented on a strip
chart recorder, while a six-pen recorder displays the results of the chromatogrpahic analysis
as concentration trend data.

Not all impurities of interest to the CSPT lend themselves to chromatographic analysis. Of
particular experimental interest are trace H2O and trace O2. Sudden influx of either cf
these components due to an equipment malfunction or leak could seriously jeopardize the
experimental results by oxidizing the graphite at a much greater than desired rate.
Therefore, continuous measurement and rapid transient detection of the concentration of these
components become necessary. Additional problems exist in chromatographic analysis of H2O
and O2. Moisture is fairly intractable regarding sorption; qood quantitative chromatographic
peaks are the exception rather than the rule. Coincident elution of O2 with amounts of Ar
which tend to be present in the makeup Helium interferes with the accurate detection of *race
0 2.

For these and other considerations, separate analyzers were chosen for H2O and Op. For
accurate trace H2O measurement, flow-through electrolytic analyzers are used, which typically
have accuracies on the order of +5% of reading. To Drovide a relatively rapid indication of
H.2O transients, capacitance sensors are utilized. These capacitance devices suffer from
reduced accuracy at trace levels, but their in-situ installation capability yields quick
response for this important measurement, and they are highly reliable.

race r|? ."•i.'.sure'rient is performed usina flow-throuqh open-cathode electrochemical fuel cells.
ese in^Vu'"ents hue a lower ranqe of 2 ppm full-scale with a sensitivity of +0.01 ppm.

:'•:'.•; set of fl'ialvtical results serves in verify that the experimental conditions sre
• • - • ] , ••••<•' ̂ .re ?.lso t'ie h^sis of any needed control action. The control



(Figure 2) is to simply vent the loop environment to reduce the concentration of the most
profusely generated constituent and hold it at its specified level. Helium and impurities
are made up from bottled sources and from a moisture generator.

CONCLUSION

The impurities analysis system for the CSPT was designed using proven, reliable technology to
ensure that the results of this accelerated full-scale engineering test provide meaningful
HTG3 design data. This is achieved by providing continuous, automated gas chromatographic
analysis with extensive self-diagnostic and communication capabilities, and by usinq
alternative continuous analyzers to quantitate constituents for vhich chr&natoqraphy proves
inapplicable.

Impurity Concentrations (ppmv)

COMPONENT

H20
H2
CO
co2CH4
02
He

HTGR

0.20
2.0
2.0
1.0
?

6
Balance

CSPT

0 TO 1,000
0 to 30,000
0 to 30,000
0 to 10,000
0 to 30
1

Balance

Table 1. Impurity Concentrations

Component Repeatability, % Full Scale

H2 +4
CO 74
C02 T5
CH4 ^10
0 2 +10

Table 2. Gas Chromatoqraph Repeatability


