
REVIEW OF VITRIFICATION MELTER DESIGN CHANGES FOR THE
WEST VALLEY WASTE SOLIDIFICATION SYSTEMS

INTRODUCTION

The purpose of this report is to document the review of design changes which resulted from the recent
identification of a problem with the slurry-fed ceramic melter (SFCM) by the West Valley Demonstration
Project (WVDP). W'VDP described their interpretation of the cause of failure and their proposed design
changes in a document, Presentation of the Planned Melter Modifications, WD:96:0020 (DesCamp,
1996), dated January 10, 1996. A subsequent memorandum dated March 25, 1996 (Rowland, 1996),
provided detailed results of WVDP analyses of root causes and contributing factors related to weld
deficiencies. The safety analysis report (SAR) on Vitrification Operations, West Valley Nuclear Services,
Inc., (WVNS)-SAR-003, Rev. 2 (West Valley Nuclear Services, Inc., 1995), was issued on June 26,
1995, after the safety evaluation review conducted by the CNWRA (Tschoepe et al., 1995) on the
previous version of WVNS-SAR-003. However, it did not contain any discussion on design changes from
the previous (FACTS) melter, which operated successfully for 5 years in previous tests.

The approach pursued by the CNWRA in reviewing the information in the January 10 and March 25,
1996, documents was twofold. In addition to a technical review of the WVDP failure analysis and plan
for modification, the CNWRA review searched for potential additional contributing factors to the failure
which had not been described in the WVDP document.

The CNWRA developed a set of questions and comments concerning the melter failure and the WVDP-
proposed "fix." These were forwarded by electronic mail to Mr. G. Comfort, Nuclear Regulatory
Commission (NRC), who, in turn, sent them to the WVDP. The questions and comments focused on
issues of potential concern which were not addressed in detail in the January 10, 1996, WVDP document.
For clarity, the forwarded questions and comments included page numbers from the WVDP document
for easy reference. The following discussion highlights results of correspondence with WVDP staff with
respect to CNWRA/NRC questions and comments on the melter failure. The Attachment to this report
contains the complete text of this correspondence.

RESPONSES TO CNWRA/NRC QUESTIONS AND COMMENTS

Initial responses from WVDP to questions and comments posed by the CNWRA were received by fax
on January 30, 1996. The responses indicated that operating temperatures experienced in the melter prior
to the failure remained within reasonable bounds. While the temperature at the trough must be sufficiently
high to maintain liquid glass (1120±50 'C), temperatures at the dam (location of failure) appear to be
adequately controlled.

Replacement of the dam cooler with a smaller pipe was not considered a contributing factor, since the
heat transfer rate was reportedly comparable due to increased air velocity to compensate for the smaller
area pipe. The air temperature at the pipe exit is controlled. The operating temperature at the outer edge
of the dam is 300 to 500 'C, depending on location.

The design change which removes the restraint at the top edge of the dam will incorporate Fiberfrax6 to
allow free expansion. The restraint at the top edge of the melter dam has been identified by WVDP as
the primary cause of the dam failure, based on stress analysis performed after the melter failure.
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Welds in the production melter had not been interpreted properly from drawings and were not fabricated
as they had been intended in the design. The cause was determined to be a transposition error during the
process of converting the drawings for digital storage in a computer-aided design program. An
independent review conducted for the WVDP (Rowland, 1996) determined that this problem was not
systemic.

TECHNICAL ISSUES

Two primary technical issues were identified in the CNWRA questions and comments. One involved the
design change for the production melter which appeared to result in reduced dam cooling capability
appeared to result. The other primary technical issue addressed the relatively low creep strength of
Inconel 690 (material of construction for the failed melter component) with respect to its expected
operating temperature. Other technical issues included questions on melter parameters prior to the failure
and weld repair procedures. In addition, the questions and comments solicited additional information on
cause of the failure, refractory cracks observed during melter disassembly, and the center nozzle installed
in the melter to remove heavy metals. Finally, results of material properties tests on Inconel 690 samples
and results of stress analyses being performed by WVDP were received as they became available
(Rowland, 1996).

SUMMARY

The WVDP responded to all comments and questions submitted by NRC/CNWRA. Some additional
information was submitted after initial responses elicited further comments and questions by
NRC/CNWRA. The CNWRA has evaluated WVDP responses and has determined that the technical
issues raised by CNWRA/NRC comments and questions have been adequately resolved. Events at the
WVDP associated with the melter failure have resulted in increased awareness of melter reliability
concerns during hot operations and an improved database on melter performance.
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ATTACHMENT

EVALUATION OF RESPONSES TO
NRC/CNWRA QUESTIONS AND COMMENTS FOR FURTHER INFORMATION

ON THE WVDP MELTER FAILURE

NOTE: Following are WVDP responses to questions and comments forwarded by NRC, along with
CNWRA evaluations of those responses. Verbatim WVDP responses appear underlined. Some additional
responses were received to respond to certain evaluations of initial WVDP responses, and these are
included along with final evaluations.

FAILURE ANALYSIS

1 . Concerning the weld failure mechanism, several of the contributing factors attributed to the weld
failure appear to be unchanged in the proposed fix. Examples: (i) Temperature gradient across the
dam and intense temperatures at the trough interface causing a local plastic deformation plus
greatly reduced strength of Inconel at high operating temperatures (p. F-10). Another factor
intended to be improved in the "fix" is removing the restraint at the top edge of the dam (which
reportedly contributed to the failure), but it is unclear from the January 10, 1996, document
(Presentation of the Planned Melter Modifications, V.A. DesCamp, WD:96:0020) how this is so.
It appears that the top of the dam is welded to the pour trough. Per Table H-i, Row 1, expansion
joint at top of dam will be added in the "fix," as described further in 14 of p. F-26.

WVDP Response: The discharge chamber and the trough must be maintained at
temperatures near that of the molten glass so that the glass will not solidify prior to
reaching the canister. We cannot decrease the temperature at the trough. As part of the
design fix, Fiberfrax will be placed at the top of the dam and on the end so that the
surfaces will be free to expand.

CNWRA Evaluation: The WVDP response indicates that the stresses induced by
restraint of the dam will be alleviated by use of the Fiberfrax, and the response is
accepted.

It appears that "lack of reinforcing gussets" (p. F-10, 11; and p. H-9) contributed significantly
to the failure, when a transposition error occurred during generation of the production melter
drawings (p. H-9).

CNWRA Evaluation: No response from WVDP is required since this is a comment
and not a question.

2. Did the melter parameters appear within reasonable bounds during the processing leading up to
the failure? Since Inconel strength to rupture typically falls dramatically with temperature, any
over-temperature operation could have been a factor (and, more importantly, could be a factor in
future melter performance).

WVDP Response: Temperatures in the melter discharge were 1150 'C + 50 'C prior
to the failure.
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CNWRA Evaluation: The responses to this question and the following two questions
indicated that operating temperatures experienced in the melter prior to the failure
remained within reasonable bounds. While the temperature at the trough must be
maintained at a temperature sufficient to maintain liquid glass (1120+50 'Q,
temperatures at the dam (location of failure) appear to be adequately controlled, and
the response is acceptable.

3. The production melter was designed with a smaller cooling pipe traversing the sides and bottom
of the dam than the FACTS melter (27% reduction in area). This pipe is intended to cool the
outside edges of the dam and freeze any glass that may migrate to the outer edges. (p. F-14)
Could this reduced cooling capability have increased the local temperature of the Inconel, at which
point its strength would have been significantly less such that failure could occur? On p. F-28,
trough cooling for the West Discharge is indicated as "not required." Also, on p. H-7, The
reduction in dam cooler piping size is evaluated as "no impact."

WVDP Response: No. the change in pipe size did not increase the temperature of the
dam. The heat transfer rate from the smaller diameter pipe is comparable to that from
the large pipe due to an increase in air velocity which offsets the reduction in surface
area. The temperature of the air exiting the pipe is controlled.

CNWRA Evaluation: Since the rate of heat transfer is mitigated by an increase in air
velocity, the concern with respect to dam cooler capability is eliminated and the
response is acceptable.

4. What is the operating temperature for the Inconel 690 at the outer edges of the dam?

WVDP Response: 300 'C to 500 'C. depending on the location.

CNWRA Evaluation: The WVDP response provides the requested information and
is accepted.

5. The "tensile tests and metallography tests" planned for the exposed Inconel dam (pp. F-29 and
F-31): it is assumed that consideration will be given that possible corrosion and microstructure
changes (e.g., carbide precipitation, sensitization, precipitate coarsening) contributed to the
failure. The results of these tests will be of interest as soon as they are available. Note reference
to "surface oxidation" on p. F-19, 19.

WVDP Response: The tests showed yield and tensile strengths over that of nominal
values for Inconel 690. and elongation of 35% as compared to 46% for new material.
The elongation was measured using a flat test sample. A round bar would produce higher
values. Carbon precipitation. which occurs near the surface, is removed by grinding
during weld preparation. (See Attachment A.)

CNWRA Initial Evaluation: Two contributors to lesser elongation (flat plate sample
vs. round sample and surface carbon precipitation) were considered in the response,
but other microstructure changes (sensitization and precipitate coarsening) were not.
This needs further discussion and response. No Attachment A was received.
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WVDP Response: The metallurgical analysis of a section of the subscale melter dam, that
was exposed to similar temperatures, showed carbon precipitation in the surface layer
(.002 inch) of the Inconel plate. The WVNS consultants concluded that this would not
be a problem if the surface were ground prior to welding, which was accomplished. All
weld qualifications were performed with used Inconel that was exposed to 1100 'C
temperatures. All NDE tests of the qualification welds (bend, visual, dye-penetrant,
macro) were satisfactory.

CNWRA Evaluation: WVDP response closes this issue.

6. Were discharge heaters functioning as expected before failure? From pp. H-3, -4, and -7, it
appears that replacement of discharge area thermocouples with removable thermowells and
replacement of discharge heaters with new CALRODO heaters had no deleterious effect. The new
heaters are shorter, and Note 7 on page H-3 indicates that "discharge heater interference" was
apparently fixed with the new heaters.

WVDP Response: Yes.

CNWRA Evaluation: Since discharge heaters were functioning as expected, the
WVDP response indicates that this is not an issue of concern.

7. Has WVDP verified that the cause of the fluid stream oscillations and pressure fluctuation in the
melter was migration of glass through failed seal welds (nominal pressure is 5 in. WC neg, range
is 15 in. WC neg to 5 psig, p. D-2)?

WVDP Response: The oscillations were partially caused by glass blockage in the melter
pour spout, and also because of pressure fluctuations. The pressure fluctuations are being
addressed separately.

CNWRA Initial Evaluation: This needs further discussion and response. Pressure
fluctuations may be related to excessive fill rate.

WVDP Response: Several factors were affecting the pressure fluctuations in the melter
besides that noted above (original order of responses provided supplementary 2/22/96
response to item 8 before this response). The resolution to these pressure fluctuations are
being addressed by a separate task team.

CNWRA Evaluation: This issue is resolved with the WVDP commitment to address
factors other than loss of an exhaust suction blower which may have influenced the
pressure fluctuations in the melter. The results of this task team's work are of
interest, especially with respect to control of pressure fluctuations so that the
vitrification process is not at risk.

8. What was the canister fill rate before and during the pressure fluctuation?

WVDP Response: The canister fill rate is 5+2.5 Kg/min. Instantaneous fill rates during
pressure fluctuations are not measured.
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CNWRA Initial Evaluation: The WVDP response indicated that the canister fill rate
is 5+2.5 Kg/min, or 300±150 Kg/hr (instantaneous fill rates are not measured). In
WVNS-SAR-003, Rev. 2, p. C.6-15, the fill rate is given as "an average of
25-45 kg/hr through the throat of the discharge duct." The average fill rate
indicated in the response to the question is more than 8 times that indicated in the
WVNS-SAR-003, Rev. 2. Also, the allowable fluctuation described in the response
(±50%) is greater than that indicated in the SAR (±28%).

WVDP Response: The high feed rate, 5+2.5 Kg/min, was the result of a sudden reversal
of pressure in the melter caused by loss of an exhaust suction blower while the melter
was in a test configuration. The pressure in the melter went from a negative pressure to
positive, and similar to a manometer, the glass poured over the weir of the trough.
WVNS does not feel that this had any effect on the weld failures, since the discharge
section of the melter is maintained at the same temperature as the glass. The stress
analysis showed that the primary cause of failure was the result of no capability for the
dam to expand at these high temperatures.

CNWRA Evaluation: The WVDP response indicates that the high feed rate resulted
from pressure fluctuation in the melter. Since the pressure change was not directly
related to the melter dam failure, a recurrence of such pressure fluctuation would
not result in a similar melter failure. Also, redundancy of components in the off-gas
ventilation system should preclude the pressure fluctuation condition during hot
operations for more than a short period of time. In-cell ventilation is designed to
adequately control effects of any potentially hazardous conditions to maintain
radiological releases and exposures within evaluation guidelines for an accident
during hot operations, per WVNS-SAR-003, Rev. 2.

9. Has mechanical vibration been considered as a potential contributor to failure?

WVDP Response: Yes. We do not believe that mechanical vibration is a contributing
factor.

CNWRA Evaluation: Since mechanical vibration has been considered and determined
by WVDP not to be a potential contributor to failure, the response is acceptable.

STRESS ANALYSIS

10. What is the maximum stress computed for the new design, and how does that compare to material
yield strength and material creep strength at operating temperature (1050 'C in tests, and 1200 'C
rating for melter)?

WVDP Response: The maximum computed stress is 32,500 psi during initial heatup at
a dam surface temperature of 500 'C. The time to failure at this temperature and stress
load is greater than 11 years.

The maximum stress decreases as heatup continues due to the annealing process. The rate
of heatup is controlled to keep the maximum stress within published allowables. For
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example, after 210 hours of heatup, the maximum stress has decreased to 5600 psi at a
temperature of 1000 'C.

At the end of heatup, the total strain produced by plastic deformation and creep is less
than the acceptance criteria of 10%.

CNWRA Evaluation: The WVDP response is accepted since it indicates that material
creep strength at operating temperature has been taken into account in analyses that
indicate that the melter life is expected to be significantly greater than the
vitrification campaign.

11. Will the tensile tests described in ¶4 of p. F-29 be performed at temperatures representing
operating temperature as well as room temperature?

WVDP Response: The tensile tests on the exposed Inconel 690 were conducted at room
temperature. Data from tensile tests performed at temperatures representing operating
temperature is being used in the stress analysis.

CNWRA Evaluation: Since the stress analysis uses data from tensile tests performed
at temperatures representing operating conditions, the WVDP response is acceptable.

12. Was the production melter Inconel plate strength at temperature specified when it was purchased?
Were these the same specifications as for the FACTS melter?

WVDP Response: Both melters were fabricated from Inconel 690 that were specified by
ASTM Spec. The vendor for Inconel 690 will not supply Inconel with specified strengths
at these temperatures.

CNWRA Evaluation: The ASTM specification for the Inconel 690 plate provides
adequate control to ensure acceptable material quality. The WVDP response is
acceptable.

13. Have stress calculation analyses shown (or will analyses show) that the melter will survive thermal
cycling as required by DC-005 (p. D-1)?

WVDP Response: The computer model considers welding stresses initially, and then
brings the dam/trough up to temperature at the specified rate. Stresses in the dam are
relieved through annealing or are accommodated by allowing thermal expansion during
heatup.

CNWRA Evaluation: The response indicates that the melter will survive thermal
cycling as required by DC-005, and it is, therefore, acceptable.

14. The results of the stress analysis described in Attachment K (p. F-43) will be of interest as soon
as they are available. It is assumed that the analysis will include high-temperature creep as a
potential failure mechanism.
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WVDP Response: Yes.

CNWRA Evaluation: Inclusion of high-temperature creep as a potential failure
mechanism in the stress analysis described in Attachment K satisfies the need
identified in this comment.

WELD REPAIR PROCEDURE

15. Since superalloys with greatest ductilities typically show greatest resistance to creep, fatigue crack
growth, and thermal cycle fatigue (ASM Metals Hdbk, Desk Ed.), has this been considered when
choosing the less ductile weld filler rod material?

WVDP Response: The vendor for Inconel 690 has been consulted at length on this
problem. They recommend Inconel 52 weld rod for welding Inconel 690.

CNWRA Evaluation: The WVDP response is accepted.

16. On p. F-34, the max allowable base metal removal of .020" cannot be verified by "clean/bright
metal," only the minimum allowable removal can be determined in this way. Acceptance criteria
("no cracks") should include minimum thickness after preparation for welding.

WVDP Response: We agree. Ultrasonic testing was conducted on both dams. The metal
dam thickness ranges from .280 to .300 inches. which is more than the nominal.
Grinding has been very minimal.

CNWRA Evaluation: Since WVSDP recognizes the potential for overgrinding and
monitored the process to ensure that the dam thickness remains acceptable, this issue
is closed.

17. Preheat to 200 'F as indicated in various places on pp. F-34 through -41 is inconsistent with the
50-70 'F in Fig. F-1, p. F-15 and bottom paragraph of p. F-14 ("codes don't require"). In
addition, slow cooling prior to liquid penetrant tests is indicated. Has INCO Alloys International
suggested these preheat and slow cooling procedures? If so, what is their rationale for the
inconsistency?

WVDP Response: Areas to be welded are preheated to 200 'F, even though this step is
not required by the code. The original welds were preheated to 50-70 'F. INCO was
consulted on this procedural change.

CNWRA Evaluation: Although no rationale for the inconsistency in preheat
temperatures is given, since INCO Alloys was consulted, there appears to be no
reason for concern with respect to the preheat temperature for welding.

REFRACTORY CRACKS

18. Greater allowable brick defects are specified for the production melter vs the FACTS melter (p.
H-7, last entry). Was there any brick fracture noted along these defects during production melter
disassembly?
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WVDP Response: Camera. stereoscopic, and boroscope investigations inside the melter
cavity, trough, and air lift have not shown any detrimental cracking; in fact, the melter
cavity refractory is in good shape.

CNWRA Evaluation: The WVDP response is accepted.

19. Please provide a rationale to describe why stress cracks which appeared in the East Trough
refractory are or are not a cause for concern for melter life.

WVDP Response: After partial removal of the refractory, an inspection was made by
independent experts. As a result, we made the decision to remove all discharge chamber
refractory and recast it now.

CNWRA Evaluation: After expert consultation, removal and recasting of all discharge
chamber refractory was decided upon. No response was provided to the question of
whether or not this could be repeated in subsequent experience and be a cause for
concern for melter life. However, in the WVDP response to another question, they
indicated that extensive inspections were conducted on the melter cavity refractory
and it was in good condition at the time of the failure.

MISCELLANEOUS

20. Please describe design rationale for locating center nozzle to remove heavy metals (p. H-4, item
13).

WVDP Response: The nozzle was located over the center of the melter, which is the
lowest point in the bottom of the melter cavity, so that we could evacuate any and all
glass/solids from the melter if required.

CNWRA Evaluation: The WVDP response provides the rationale for nozzle location
and is, therefore, acceptable.
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Evaluation of Errors in 5706-001-601 *f

To: Bruce Mabrito
To: Narasi Sridhar
CC: Linda Hearon
From: Wesley Patrick
Subject: Evaluation of Errors in 5706-001-601
08-05-96 05:33 PM

Per our discussion this morning, Bruce, I have been
examining a couple of documents to determine where in the
process the errors might be occuring. The subject document
received rather strong negative commentary from NRC,
although they accepted it. Following is an assessment based
on examination of the available review packet and marked up
text. Each of the three NRC comments are addressed.

1) The duplicated phrase does not appear in the original
text that was reviewed. No comments were made in the entire
paragraph, so no change was required or (I surmise)
anticipated by the CNWRA reviewer. Someone introduced an
unrequested, undocumented change.

2) The "general disjointedness" cited by the NRC reviewer
is, in my view, an accurate assessment. However, it is
perhaps an overstatement or over-reaction to a document that
is only two pages long, including references. No comment was
made by the programmatic reviewer regarding the
cohesiveness of the document. I would note, too, that the
EM determined that no technical or format reviews were
necessary and that a "low" edit level was appropriate.
Generally speaking, technical reviewers are charged with
such matters as readability and logical organization of a
document.

3) The NRC commenter is correct. The Introduction states
that a "twofold" approach was used but only the results of
the first approach were reported on in the body and summary
of the document. No comments were made on this omission by
the CNWRA reviewer.

Please retain this analysis for incorporation in any root
cause analysis and associated actions that may be
appropriate.

The entire packet has been returned to Linda Hearon.

Wes.
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