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SUMMARY

A program was started in FY 1982 to evaluate the compatibility of Waste
Encapsulation and Storage Facility (WESF)-produced cesium chloride (CsCl) with
316L stainless steel (SS) under thermal conditions that may be encountered in a
geologic repository. The program is funded through the Defense High-Level
Waste Technology Program of the Department of Energy. The principal objective
of the program is compatibility testing of six standard WESF capsules at a max-
imum metal/CsC! interface temperature of ~450°C. The capsules are placed
vertically in insulated containers and allowed to self-heat to the test temper-
ature, where they are maintained for intervals from 0,25 to 6 yr. After the
required time has elapsed, each capsule is destructively examined to determine
the extent of metal attack by the cesium chloride.

Test capsule No. C-1351 was removed from its insulated container after
being held at temperature for 28,268 h (3.2 yr). The aged capsule was shipped
to WESF for sectioning. Four ring sections from the inner capsule were
returned to Pacific Northwest Laboratory {PNL}, where metallographic samples
were cut from each ring. Metallographic examination of the test samples was
provided by the Westinghouse Hanford Company's Post-Irradiation Testing
Laboratory.

The average maximum interface temperature for the 3.2-yr capsule was
445°C. Meta) corrosion in the 3.2-yr capsule was extensive throughout the cap-
sule, except in the upper portion of the capsule where the interface tempera-
ture was below 400°C. The maximum corrosion found was 460 um (0.018 in.).
Overall corrosion in the hotter portion of the 3.2-yr capsule increased line-
arly with time., There are indications that the attack mechanisms may be chang-
ing with time: intergranular attack was much more apparent in the tests of
longer duration, while pitting and a general surface attack appeared to predom-
inate in the shorter tests. In the portion of the capsule where the tempera-
ture was below 400°C, the attack was greatly reduced and did not appear to be
much greater than that observed in the shorter tests.

The compatibility data obtained to date indicate that in the hotter por-
tion of the capsule (where the metal/CsCl interface temperature is above 400°C)



the corrosion is proceeding at a Tinear rate. If metal corrosion at the higher
temperatures proceeds at a linear rate for an extended period of time, it has
serious implications with regard to the gecologic disposal of the WESF CsCl

capsules.

Estimates of long-term metal attack, assuming a linear corrosion rate,
show that corrnsion through the inner capsule wall would occur in 17 to 25 yr
depending on the initial capsule wall thickness. The actual corrosion rates
should be much Tower than the estimated values, however, for two reasons.

o The metal/CsCl interface temperature will decrease substantially over

137

long time periods as the Cs decays.

e Corrosion of the 316L SS appears to be due primarily to impurities in
the CsCl and the corrosion rate should decrease with time as the
impurities are consumed.

Nevertheless, the corrosion may still be sufficient to raise serious questions
regarding the long-term integrity of the capsule if the initial interface tem-
perature is allowed to reach 450°C, Limiting the initial maximum interface

temperature to 350°C should greatly reduce or eliminate the corrosion problem.
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1.0 INTRODUCTION

At Hanford, fission-product cesium containing 20% to 40% 13?Cs has been
recovered from the high-level waste (HLW) and converted to cesium chloride
{CsC1). Recovery of the Cs as a nitrate from the HLW and its subsequent puri-
fication takes place in B Plant. Conversion of the purified product to CsCIl,
encapsulation of the CsCl, and water storage of the CsCl capsules take place in
the Waste Encapsulation and Storage Facility (WESF}. Both facilities are oper-
ated for the Department of Enerqgy (DOE) by Rockwell Hanford Operations
(Rockwell).

The CsCl is doubly encapsulated in high-integrity Type 316L stainless
steel (SS) capsules. The CsCl is Toaded into the inner 316L SS capsuies by
melt casting. Each inner capsule, which has an inside diameter (ID) of 2 in.
(50.8 mm) and an inner length of ~19 in. (483 mm), contains up to 3 kg of CsCl.
The CsCl is prepared in small batches, sufficient to fill about seven capsules.
The impurity content of the cesium can vary from batch to batch. Each filled
capsule contains up to ~70,000 Ci of 13?Cs depending on the age of the fission-
product Cs and the purity of the CsCl.

To evaluate the potential corrosion of the capsule during geologic dis-
posal of the WESF CsCl capsules, reliable estimates of long-term attack of the
capsule material by the CsCl at disposal temperatures are required. Available
data on the compatibility of WESF-produced CsCl with 316L SS are not adequate
for making the required evaluations, The Cesium Chloride Compatibility Testing
Program was started at the Pacific Northwest Laboratory (PNL}(a) in FY 1982 to
obtain the needed data. The program will take ~6 yr to complete. The work is
funded by the long-term High-Level Defense Waste Technology Program of the DOE.
This report summarizes the program activities for FY 1986.

(a) Operated for the U.S. Department of Energy by Battelle Memorial Institute.






2.0 QOBJECTIVE

The primary objective of the Cesfum Chloride Compatibility Testing Program
is to evaluate the compatibility of WESF-produced CsCl1 with 316L SS capsule
material at the temperatures that could be encountered in a geologic reposi-
tory. Sufficient short-term (6 yr) compatibility data are to be obtained with
WESF-produced CsC1 to permit useful estimates of long-term attack on the 316L
capsules at potential storage temperatures.

A secondary objective this fiscal year involved the destructive examina-
tion of 20 WESF CsCl capsules taken from the storage pool to confirm that cor-
roston by the CsCi is not a threat to continued safe storage of the capsules in
a water basin and to provide an estimate of initial capsule conditions at the
beginning of repository disposal.






3.0 TESTING CRITERIA

A number of variablies can affect the compatibility of the WESF-produced
CsC) with 316L SS in a geologic repository. The more important variables

incliude:
e 316L SS/CsC1 interface temperature
e impurities in the WESF-produced CsCl

e changes in the microstructure of the 316L SS due to thermal aging
reactions {i.e., precipitation of carbide phases, etc.)

¢ degree of contact between the 316L SS and the CsCl.

Program scope does not permit a detailed testing program to evaluate ail
of the variables that can affect 316L SS/CsC1 compatibility, especially with
r2gard to impurity effects. The limited testing program now under way was
d2signed on the following bases.

e Maximum temperatures in the geologic repository, based on estimates
made by Rockwell and PNL personnel, will not exceed 450°C at the 316L
S$/CsC1 interface.

® The WESF CsCl capsules will be pltaced in the repasitory in a vertical
orientation,

® The radiocactive compatibility tests are to be carried out with stan-
dard production WESF CsCl capsules without regard to possible varia-
tions in the composition of the CsCl between capsules.

The limitations imposed by the last requirement can significantly influ-
ence the radiocactive compatibility data obtained, since theoretical considera-
tions indicate that certain impurities in the CsCl could have a significant
effect on the capsule metal attack. Estimates of the impurity content of WESF
CsCi, based on inductively coupled plasma (ICP) analysis results, and an ele-
mentary thermodynamic analysis of the 316L/WESF CsCl1 system have been reported
(Fullam 1982)., The data obtained in the radiocactive tests now underway will



provide a measure of the metal attack for a given set of WESF capsules, but
will not provide a complete picture of how the attack may vary with changes in
the CsC1 composition,

The Cesium Chloride Compatibility Testing Program consists of seven tasks,

as outlined below.

® Task l--collection of radioactive compatibility data, lasting up to
six years, using standard WESF CsCl capsules aged at elevated
temperatures

® Task 2--heat transfer studies to define the relationship between the
surface temperature of the inner and outer capsules of the WESF CsCl
capsule

¢ Task 3--chemical analysis of the CsCl from a batch of WESF-produced
CsCl (the CsCl product from WESF is not analyzed, although the Cs
feed solution to WESF is analyzed)

¢ Task 4--thermodynamic analysis of the WESF CsC1/316L SS system
e Task 5--physical property measurements on CsCi-impurity mixtures

e Task 6--destructive examination of 20 WESF CsCl1 capsules taken from
the WESF storage pool

e Task 7--study of the pitting observed on the outer surface of some
WESF inner capsules.

The majoﬁ emphasis was and continues to be on the first task. Tasks 2 and 5
have been completed and the results have been included in the FY 1982 annual
report {Fullam 1982). Work on Task & has been completed; the results are con-
tained in the FY 1985 annual report (Bryan 1986). Work on Task 7 has been com-
pleted and the results are discussed in the FY 1984 annual report {Bryan and
Devine 1985},



4.0 RADIODACTIVE COMPATIBILITY TESTS

The radioactive compatibility tests are designed to provide the short-term
corrosion data needed to estimate Tong-term attack of 316L SS by WESF-produced
£sC1 at a maximum metal/CsC) interface temperature of 450°C. The data obtained
from the tests should meet this requirement within the limitations outlined in
the previous section. The testing procedures and initial test results are pre-
sented in detail in earlier reports (Fullam 1982; Bryan 1984; Bryan and Devine

1985; Bryan 1986) and are summarized below.

4,1 TESTING PROCEDURES

In the thermal aging tests, six standard WESF CsCl capsules are placed
vertically in individual insulated containers and aliowed to self-heat to a
maximum metal/CsCl interface temperature of 450°C. The capsules are maintained
at temperature for nominal times of 0.25, 0.5, 1, 2, 3, and 6 yr. The original
schedule called for the Tast capsule to be thermally aged for 32,000 h but the
time has been extended to 52,800 h {6 yr).

When thermal aging of a capsule is completed, it is removed from the insu-
lated container, cooled, and sectioned. Four samples are cut at specific loca-
tions from the inner capsule for metallographic examination.

In addition to the thermal aging tests, two WESF inner capsules were sec-
tioned and subjected to metallographic examination immediately after being
filled with CsC1 in the normal WESF manner. The data obtained provided a meas-
ure of the metal attack that occurred when the capsule was Toaded with molten
cesium chioride. The two "zero-time" capsules serve as controls for determin-

ing the metal attack resulting from capsule filling operations.

The CsC1 capsules used in thermal aging tests are typical WESF production
capsules., These capsules were fabricated and filled with CsCl in accordance
with all pertinent Rockwell-WESF, DOE quality control (QC) and quality assur-
ance (QA) requirements.

A1l capsule components used in the tests were fabricated in the usual man-
ner with one additional step. To accurately determine the extent of metal



corrosion by the CsCl, it is necessary to know the initial wall thickness of
the inner capsules at the points at which the samples are taken for metallo-
graphic examination. Therefore, the wall thickness of each of the eight inner
capsules used in the tests was measured at 18 locations, as shown in Figure 1,
before the capsule was filled with CsCl. A number and lgcation Tine were
etched on the capsule outer surface to show where each measurement was taken.
An ultrasonic technique was used to determine the wall thickness to within
0.0001 in. The results obtained show that the wall thickness of an inner cap-
sule is fairly uniform over the length of a capsule along any given longitudi-
nal surface element, with the thickness variations rarely exceeding 0.003 in.
over the capsule length. The 316L SS tubing used for the capsules is not con-
centric, however, and differences in wall thickness of up to 0.015 in. were
observed at diametrically opposite locations on a capsule. Because of the
these variations, the initial wall thickness of an inner capsule is only accu-
rately known at the exact location where a thickness measurement is made.

During testing, each capsule is held in the insulated container in a ver-
tical position. Because of the confiquration used, a substantial temperature
gradient exists between the middle and end of each capsule. Calibrated
chromel-alumel thermocouples are used to measure the temperature profile of the
outer capsule. Temperature readings are taken periodically. The inner cap-
sule/CsC1 interface temperatures are calculated from the measured outer capsule
temperature using the procedure described in the FY 1982 annual report {Fullam
1982). The insulated containers holding the capsules are designed to give max-
imum metal/CsCl interface temperatures of 450°C. Because the capsule tempera-
ture is dependent on decay of the radiocactive cesium, the temperature will
gradually decrease with time as the cesium decays.

When thermal aging of a test capsule is completed, it is removed from the
insulated container and cooled, and the outer capsule is opened., The inner
capsule is removed and sectioned for metallographic examination. Four ring
sections are cut from each capsule at Tocations where the wall thickness is
known {see Figure 2). A metallographic sample is then taken from each ring
section at the point where the wall thickness was measured. Ring Section 2
(see Figure 2) is removed from the capsule at the point of maximum metal/CsCl































































can be seen that reducing the maximum interface temperature to 350°C should

essentially eliminate the corrosion problem.

4.2.3 Estimates of Long-Term Metal Attack

Safe disposal of the WESF CsCl capsules in a geologic repository requires
containment of the chloride until the radiocactive cesium decays to an innocuous
tevel. Corrosion of the capsule by the cesium chloride at the temperature
regime encountered in a repository can threaten the integrity of the WESF cap-
sule. By making some conservative assumptions, the short-term compatibility
data obtained to date can be used to estimate long-term corrosion of the WESF
316L SS inner capsule by the CsCl under proposed repository conditions,

It was assumed that the maximum metal/CsCl interface temperature in a
repository would be limited to 450°C. The compatibility tests were designed to
give the same initial maximum interface temperature. For the reasons discussed
in Section 4.1, however, precise control of the interface temperature profile
in each capsule was not possible. Therefore, the average interface temperature
profile of a thermally aged capsule varied significantly from capsule to cap-
sule, Because each aged capsule was sampied at the same locations, the average
interface temperatures for the samples taken from the same capsule location
varied over a substantial range {see Table 2). Despite these temperature vari-
ations, the compatibility data obtained to date indicate that corrosion of the
316L SS at a specific capsule location proceeds at a linear rate when the
interface temperature exceeds about 400°C. This can be seen in Figure 8, where
the corrosion data for the Ring 2 samples have been presented.
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