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DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION 0

EXECUTIVE SUMMARY

To better ensure the reliability of DWPF remote canyon process equipment, a materials
evaluation program was performed as part of the overall startup test program. Specific
test programs included FA-04 (“Process Vessels Erosion/Corrosion Studies™) and FA-035
(melter inspection). At the conclusion of field testing, Test Results Reports were issued to
cover the various test phases. While these reports completed the startup test requirements,
DWPF-Engineering agreed to compile a more detailed report which would include
essentially all of the materials testing programs performed at DWPF.

The scope of the materials evaluation programs included selected equipment from the
Salt Process Cell (SPC), Chemical Process Cell (CPC), Melt Cell, Canister Decon Cell
(CDC), and supporting facilities. The program consisted of performing pre-service
baseline inspections {work completed in 1992) and follow-up inspections after
completion of the DWPF cold chemical runs. Process equipment inspected included:
process vessels, pumps, agitators, coils, jumpers, and melter top head components.
Various NDE (non-destructive examination) techniques were used during the inspection
program, including: ultrasonic testing (UT), visual (direct or video probe), radiography,
penetrant testing (PT), and dimensional analyses. Finally, coupon racks were placed in
selected tanks in 1992 for subsequent removal and corrosion evaluation after chemical
runs.

Test results and conclusions were numerous, so only general highlights will be reported
in this section. Predicted equipment life estimates were made and it was concluded that
with few exceptions (discussed later), all of the equipment will meet or exceed its design
basis (i.e. twenty years for major vessels; five years for vessel components such as
pumps, agitators, and coils; and one year for easily replaceable jumpers and melter top
head components. Of primary significance, UT and coupon data clearly demonstrates that
the major CPC vessels and permanent sample lines will last the life of the DWPF facility
(about forty years). Further, coupon evaluation and corrosion assessments were used to
conclude that the insulated SPC tanks would also last the life of the DWPF facility.
Significant erosion/corrosion to a degree such that the equipment life would be below
design life was observed only in the slurry mix evaporator (SME) process equipment (le.
agitator and coil) and selected melter top head components (i.e. film cooler brush,
borescope housing, and melter feed tubes).

Erosion of the SME agitator as a result of the glass frit slurry was expected based on
inspection of similar equipment at the TNX pilot facilities. Examination of the DWPF
SME agitator confirmed severe erosion on the backside of the lower blades. Since this
erosion was expected, a spare unit with a new blade design (i.e. increased use of Stellite
hard-face overlay coating to mitigate erosion) had been procured and were installed prior
to radioactive operations. Significant localized erosion was also observed on the SME
coil assembly. Areas of particular attack included the bottom inner coil near supports, the

10
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lower support structure and the cooling water downcomer pipe. Damaged areas of the
SME coil were repaired to extend the life and the coil was reinstalled. The repaired SME
coil is expected to provide an additional two years of service.

Oxidation/corrosion was observed on several of the melter top head components (i.e. film
cooler brush, borescope housing, and melter feed tubes) which would limit equipment
life. The film cooler brush bristles were severely oxidized and the bristles could be
broken off. The problem was thought to be related to the choice of material which was
clearly inadequate for the service conditions. The failed film cooler brush was removed
from service and a spare unit will be installed when, and if, required (NOTE: The film
cooler brush has never been used and no plugging of the offgas line has been experienced
at DWPF). Severe localized pitting occurred on the borescope housings as a result of
corrosive salt condensation. The lower (i.e. exposed) portion of two spare borescope
housing assemblies were subsequently coated with a diffusion based Al/Cr coating to
improve oxidation resistance and the units were installed. Inspection of the melter feed
tubes revealed apparent end grain corrosion at the very tip of the tube assembly. The
damaged end was repaired using 1690 weld metal (i.e. “buttering™) to reduce risk of end
grain corrosion. After the repair strategy was implemented, one unit was reinstalled in the
melter. Both a borescope housing and a melter feed tube with the noted repairs were
pulled for visual inspection after 2-3 months service. Results of these inspections
confirmed the suitability of the repair strategies.

Performance of the materials testing programs led to the discovery of mechanical fatigue
at welds in several jumper dip-tubes, two SPC sample pumps (cross bracing on dip
tubes), and the sludge receipt adjustment tank (SRAT) coil assembly. The design
adequacy of the attachment welds was evaluated by Structural Mechanics personnel,
which led to subsequent design changes. The failed equipment was repaired as well as
equipment with similar design features. Based on these repairs, the equipment is now
considered suitable for radioactive service.

11
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1.0 INTRODUCTION AND BACKGROUND
1.1 Abbreviations Used in Report
Many acronyms and abbreviations are commonly used at DWPF when referring to

equipment. NDE inspections and groups. For convenience, a listing of these abbreviations
is provided in Table I provided below.

Table 1 Abbreviations Commonly Used in Summary Report
Abbreviation Proper Designation
CPC Chemical Process Cell
SPC Salt Process Cell
LPPP Low Point Pump Pit
PR Precipitate Reactor
PRFT Process Reactor Feed Tank
PRCD Process Reactor Condenser Decanter
OE Organic Evaporator
OECT Organic Evaporator Condensate Tank
OECD Organic Evaporator Condenser Decanter
PRBT Precipitate Reactor Bottoms Tank
SRAT Sludge Receipt Adjustment Tank
SMECT Slurry Mix Evaporator Condensate Tank
SME Slurry Mix Evaporator
MFT Melter Feed Tank
RCT Recycle Collection Tank
MOG Melter Offgas
OGCT Offgas Condensate Tank
SAS Steam Atomized Scrubber
HEME High Efficiency Mist Eliminator
CDC Canister Decon Chamber
A&IQ Administration and Infrastructure Diviston -
Quality Control
NDE Non-destructive Examination
uUT Ultrasonic Thickness Measurement

PT Liquid Penetrant
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1.2 Background and Basis

The purpose of the DWPF Startup Test Program FA-04 was to evaluate the material
degradation mechanisms in remote process equipment. The scope of the FA-04 study
included selected critical equipment located in the DWPF canyon facilities other than the
Melter. The Melter and related top head components were to be covered under a paratlel
DWPF Startup Test Program FA-05. Due to problems with the Melter inspection device,
much of the FA-05 test program was not completed. The only exception was that visual
inspections were performed on the removable Melter top head components. At the
request of the JTG, it was agreed that all materials evaluation testing for DWPF would be
compiled into one final report. Thus, the subject report will consist of the FA-04 test
program results, supplemented by inspection data from the Melter top head components.

DWPF process equipment will be subjected to two basic wear phenomena, chemical
corrosion and abrasion due to glass frit particles. For process slurries, particularly those
with glass frit particles (e.g. SME, MFT), the overall wear rate will be determined by the
combined effects of both abrasion and corrosion. The technical term for this phenomena
is “erosion.” Wear associated with erosion is characterized by the localized removal of
the protective oxide layers by abrasion. Since such oxide layers on the material surfaces
provide corrosion protection, their continuous removal would open up the material
structure to chemical corrosion. Given the harsh chemical environment encountered in the
DWPF process (e.g. halides, mercury, elevated temperatures, etc.), corrosion was also
thought to be of considerable concern.

1.3  Development of the FA-04 Startup Test Program

SRTC provided comments and recommendations to DWPF concerning development of
an erosion/corrosion test program.[1] SRTC personnel felt that such a materials
evaluation effort was essential to the final decision to introduce radioactivity into the
DWPF process equipment, since repair of contaminated equipment is more expensive,
requires longer repair times (i.e. lead times for replacement equipment), and increases the
radiation and health risk to inspection and repair crews.

The referenced SRTC document formed the basis for the DWPF-FA-04, Process Vessels
Erosion/Corrosion Study, test plan which was approved by JTG on 06/20/90. The test
plan was revised on 10/17/95 (i.e. Revision 1) to include a test matrix to provide a scope
of inspection activities to be performed. The test matrix is provided as Table II.

The FA-04 test program was originally developed as a three part test program, baseline of
equipment, erosion study (primarily frit particle impact), and a final erosion/corrosion
evaluation after mercury runs. The baseline portion of this test program (FA-04.01)(2]
was completed in 1992 and a considerable amount of equipment was baselined (e.g..
tanks, agitators, coils, pumps, jumpers, etc.). Portions 2 and 3 of the test program were
combined together and performed after mercury runs. Due to schedule advantages, the
later erosion/corrosion evaluations were performed at different times. All selected DWPF
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process equipment other than for the SPC (i.e., CPC, etc.) were inspected in August-
October, 1995 and are reported under field completion report FA-04.02. The SPC
equipment was inspected in December, 1995 and January, 1996 and are reported under
field completion report FA-04.03.

REFERENCES

1. S. M. Nordwick and D. F. Bickford, “ Initial Comments and Recommendations for the
DWPF Process Vessels Erosion and Corrosion Studies,” DWP-GTG-90-0005, May 15,
1990.

2. I. L. Ramsey, “Process Vessels Erosion/Corrosion - Baseline,” WSRC §W4-3-2
(DWPF-FA-04.01), Revision 0, 1/30/92.
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14 Limitations on Field Completion Reports

Preliminary field completion reports were issued for the FA-04.02 (CPC) and FA-04.03
{SPC) equipment shortly after completion of the inspections. These reports are provided
in their entirety in Appendix 1. While these reports addressed major findings from the
inspections, they did not include a complete evaluation of the test results. This report will
provide information and data interpretation that was not available at the time the field
completion reports were issued.

1.5 DWPF Cold Chemical Runs

DWPF performed a series of cold chemical runs over a period of about eighteen months
to confirm the suitability of the process prior to radioactive operation. During this period,
sixteen batches of material were processed through the Melter in five test campaigns as
outlined below.

DWPFE-FA-13, Melter Characterization with Composite Feed (Batches 2-5)

The initial charge to the Melter was a glass frit specially formulated for melter startup.
This run was used to flush the initial startup frit from the Melter and achieve stable
operation (16 canisters produced).

DWPF-WP-14, Melter Characterization with Doped Feed (Batch 6)

This test constitutes the beginning of Waste Qualification Runs. A non-radioactive
composition doped with Nd was used to study melter mixing behavior (7 canisters
produced, corresponding to almost 1.5 melter turnovers).

DWPF-WP-15, Melter Characterization with Low Viscosity Glass (Batches 7-10)
A low viscosity (high iron) composition was used to simulate an extreme change in feed
composition {20 canisters produced, corresponding to 5 melter turnovers).

DWPF-WP-16, Melter Characterization with High Viscosity Glass (Batches 11-14)

A high viscosity (high aluminum) composition was used to simulate another extreme
change in feed composition (19 canisters produced, corresponding to 5 melter turnovers).
The last batch of this campaign also contained mercury.

DWPF-WP-17, Melter Characterization with Mercury in Initial Feed (Batches 15 & 16)
A composite feed was used to simulate return to a composite feed from high aluminum
feed (9 canisters produced, corresponding to two melter turnovers). This run
demonstrated mercury removal and the feed contained noble metals.

1.6 Report Format / Location of Reference Documents

The FA-04.01 baseline document referenced above is a large (i.e. three-inch binder) self
contained document. A second three-inch binder contains the field inspection reports
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completed under FA-04.02 or FA-04.03, the latest revision of the test plan, a test
implementing document (i.e. procedure) and complete copies of data collected during the
DWPF cold chemical runs. This document, entitled “FA-04 Materials Evaluation / Field
Reports,” will be submitted to document control (WSRC-TR-96-0197). Copies of
remaining DWPF test reports, pertinent files, data, pictures of equipment and video tapes
will be placed in “boxed storage” in document control for permanent retrieval.

The subject DWPF Materials Evaluation Summary Report will be issued as a separate
stand alone document with references to the supporting documents noted above. To
facilitate discussions, this report will be further broken down by equipment grouping
(e.g., pumps, agitators, etc.). Each of these subsections will be written to be largely self
supporting with references to the appropriate tables, figures, appendices and reference
documents.

2.0 TECHNICAL SUPPORT
2.1 Inspection Personnel - NDE

A& IQ NDE personnel performed inspections to support the DWPF materials evaluation
programs. Inspections included ultrasonic thickness (UT), liquid penetrant (PT), and
visual (both direct and remote using video equipment). In addition, non-destructive
examination (NDE) personnel assisted in interpretation of radiography results which had
been performed by Raytheon. Their inspection reports are issued as Quality Control
Condition Reports, Two Quality Control Condition Reports were issued, one for the CPC
inspections (FA-04.02) and one for the SPC inspections (FA-04.03) as outlined below.
Note that each of the Quality Control Condition Reports contained specific inspection
reports for each type of inspection performed for a given piece of equipment.

1) FA-04.02 - CPC Inspections:

Quality Control Condition Report: ~ AID-QCM-950127 (JOB No. §950513)
2) FA-04.03 - SPC Inspections: |

Quality Control Condition Reports: AID-QCM-960011 (JOB No. S950807)

The summary sections for the referenced Quality Control Condition Reports are provided
in their entirety in Appendix 2 of this report. Complete copies of the individual inspection
reports are contained in “FA-04 Materials Evaluation / Field Reports” (WSRC-TR-96-
0197). The following A&IQ NDE personnel were heavily involved in the materials
evaluation programs at DWPF: Jim Dickinson
' Jim Elder

Pat Gibbons

Bob Holmes

Judy McCall
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2.2  Materials Evaluations / Inspection Support

Personnel from the Materials Technology Section of SRTC assisted DWPF in field
inspections, data interpretation and reporting during the DWPF materials evaluation
programs. Each piece of equipment had a field inspection report which is provided in
“FA-04 Materials Evaluations / Field Reports,” (WSRC-TR-96-0197) of the material
evaluation records. In most cases, one or more materials {or welding) personnel
performed direct inspection of the equipment. Some equipment could not be directly
inspected (i.e. due to access or scheduling problems) and their review was based on
review of inspection documents, photographs and video footage. The SRTC materials
personnel provided direct input into this report, and their assessment of the material
condition of the equipment is provided in the following report sections and/or appendices.
The following SRTC materials personnel were heavily involved in the inspections.

Bill Daugherty Materials Consultation Group
Charlie Jenkins Materials Consultation Group
Glenn McKinney Materials Consultation Group (welding)
Greg Chandler Materials Technology Section
Ken Imrich Materials Technology Section

3.0 EQUIPMENT INSPECTIONS
3.1 General:

Results from the equipment inspections and/or evaluations are discussed in the following
sections. An overall summary of the equipment inspected and the results obtained are
provided in Appendix 3. These summary sections provide details on types of inspections
performed, the materials reviewer and method of review. Also, these tables provide
equipment numbers for inspected equipment which will not be repeated in the text.

3.2  Process Tanks

3.2.1 Salt Process Cell (SPC) - Reported by J. T. Gee

All of the process vessels in the SPC have insulated walls which precludes the use of
external UT measurements to monitor vessel wall thinning. The internal surfaces of the

SPC tanks, listed below, were visually inspected and documented using remote
videophotography.

SPC Vessel Inspection Report (WSRC-TR-96-0197)
PR 95-IR-06-VT-1177
PRFT 95-IR-06-VT-1181
PRCD 95-IR-06-VT-1186
OE 95-IR-06-VT-1178
OECT 95-IR-06-VT-1179
OECD 95-IR-06-VT-1185
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In addition, the condition of the vessel wall was inferred by indirect means, such as direct
inspection of components (e.g., coils, pumps, etc.) removed from the tanks and/or results
from corrosion coupon testing. All of the tanks with the exception of the OECT are
fabricated from alloy C-276. This alloy is very resistant to general and localized
corrosion. The OECT is fabricated from 304L stainless steel, which is more than adequate
for the expected chemistry for the condensate.

Results and Conclusions:

Based on the subject inspections and evaluation, it was concluded that none of the SPC
process vessels would have experienced significant erosion/corrosion during the cold run
testing period. None of the internal vessel walls showed evidence of localized corrosion,
as would be expected for the nickel based C-276 alloy.

For these reasons, it was concluded that the SPC vessels would last the life of the DWPF
facility (i.e. 20 years).

3.2.2 Chemical Process Cell (CPC) - Reported by J. T. Gee

The CPC vessels were examined through the use of visual observations and external UT
measurements. The general condition of the tank interiors was documented by
videophotography. The following CPC vessels were inspected by NDE personnel and
documented in the referenced inspection reports contained in the “FA-04 Materials
Evaluations / Field Reports,” (WSRC-TR-96-0197) of the material evaluation records.

CPC Vessel Inspection Report (contained in WSRC-TR-96-0197)
PRBT . 95-IR-06-UT-0892 / 95-IR-06-VT-0893

SRAT 95-IR-06-UT-0842 / 95-IR-06-VT-0843 & 0844
SMECT 95-IR-06-UT-0868 / 95-IR-06-VT-0869 & 0870

SME 95-IR-06-UT-0855 7 95-IR-06-VT-0856, 0857, & 1051
MFT 95-IR-06-UT-0874 / 95-IR-06-VT-0875

OGCT 95-IR-06-UT-0886 / 95-IR-06-VT-0887

RCT 95-IR-06-UT-0888 / 95-IR-06-VT-0889 & 1047

NDE personnel provided statistical and graphical presentations of the UT data comparing
wall thickness between the original baseline and post cold run inspections. These results
are provided in Figures 1-7.

A note of caution is provided in interpretation of the UT data in the noted inspection
reports. The UT measurements (i.e. baseline and post cold chemical run condition) were
performed using different ultrasonic equipment. Also, while the location of prior UT
measurements were marked, a small change in location of the UT probe can account for
considerable difference in the reading. This is particularly true for the bottom head of the
vessels, given the physical limitations (i.e. respirator required, etc.) when accessing the
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bottom and the limited lighting. Thus, the UT data can best be used to evaluate trends.
With the exception of the SMECT, all of the CPC process tanks (listed above) are
fabricated from alloy C-276. This nickel based alloy is highly resistant to localized
corrosion such as pitting. The SMECT, fabricated from 316L stainless steel, would also
be highly unlikely to pit given a basically dilute nitric acid chemistry of the process fluid.
For these reasons, random scatter in the UT data is not considered significant.

Results and Conclusions:

Based on comparison of UT data between the baseline and post cold run test condition,
none of the referenced CPC process tanks were thought to have experienced a significant
reduction in wall thickness as a result of erosion/corrosion.

Results of remote visual (or direct visual for SME) inspections of the vessel interior
surfaces did not indicate localized areas of erosion/corrosion. This was also confirmed (as
reported in later discussions) by direct inspections of components (i.e. pumps, cotls, eic.)
removed from the process vessels.

3.2.3 Internal Inspection of SME Tank - Reported by C. F. Jenkins

Due to concerns about localized erosion from frit particles in the SME tank (e.g., supports
for coils, agitator bumper guides, tank bottom, etc.), the tank was entered to perform a
visual inspection. Inspection results are documented in an NDE inspection report, 95-IR-
06-VT-0857, which is contained in “FA-04 Materials Evaluation / Field Reports”
(WSRC-TR-96-0197). A separate report, “Inspection: Interior of SME Tank (SRT-MTS-
96-5106) was issued by the Materials Consultation Group to formally report this
inspection. A copy of this report is provided in Appendix 4.

3.2.4 Low Point Pump Pit Tanks (LPPP) - Reported by J. T. Gee

The LPPP Precipitate and LPPP Sludge tanks were belatedly added to the FA-04
materials evaluation program due to their Safety Class (“SC”) designation. For this
reason, no initial baseline evaluation had been performed on these tanks prior to cold run
processing to support the erosion/corrosion study.

The LPPP process tanks are fabricated from 304L stainless steel. This alloy is very
unlikely to corrode if the process fluid is not acidified (See discussion in Appendix 7.).
The expected condition of these tanks (i.e. pH 10, etc.) should therefore preclude
corrosion.

The LPPP vessels were examined through the use of visual observations and external UT
measurements. The general condition of the tank interiors was documented by
videophotography. The following LPPP vessels were inspected by NDE personnel and
documented in the referenced inspection reports contained in “FA-04 Materials
Evaluations / Field Reports,” (WSRC-TR-96-0197) of the material evaluation records.
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LPPP Vessel Inspection Report (contained in WSRC-TR-96-0197)
LPPP Precipitate Tank 95-IR-06-UT-0890 / 95-IR-06-VT-0891
LPPP Sludge Tank 95-IR-06-UT-0986 / 95-IR-06-VT-1069

Results and Conclusions:

Neither of the LPPP process tanks showed any evidence of erosion/corrosion based on
visual inspections. (UT data was not available to support this conclusion because of the
noted lack of pre-test baseline data.)

3.2.5 Potential for Erosion/Corrosion - General (all tanks)
- Reported by J. T.

3.2.5.1 Laboratory Corrosion Data (See Section 3.17.)

The potential for degradation of the major process vessels was considered under the
DWPF Structural Integrity Program. Concerns related to possible erosion/corrosion were
evaluated in this study. A document, “Evaluation of Potential for Materials Degradation
of DWPF Safety Class and Safety Significant Components,” was issued to report these
evaluations. This document is provided in Appendix 7 in its entirety.

Results and Conclusions:

In most cases, this study predicted that the vessels of interest in the FA-04 program would
last up to sixty years.

3.2.5.2 Corrosion Coupon Data from FA-04 Test (See Section 3.16.)

Corrosion coupon racks were placed in the PR, SRAT and OGCT prior to cold runs and
evaluated upon completion of testing. Results for the C-276 alloy coupons, which is the
material of construction for most process equipment, indicated very low corrosion rates
(i.e. less than 0.05 mils/year).

Results and Conclusion:
Corrosion coupons recovered from the PR, SRAT and OGCT, which are equivalent to the

materials of construction for these vessels, predicted very low corrosion rates and
indicated that corrosion was not a significant issue.
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PRBT TANK PRBT TANK
Tank Bottom Tank Sheil, No baseline on shell
Beottom (Old) | Bottom {New) | Change Shell (Old) | Shel (New! | Change
Ave 0.7651 0.7583| -0.0058 Ave #D1v/0! 0.4973] #VALUE!
min 0.7620 0.7520| -0.0110 min 0.0060 0.4930{ #VALUE!
max 0.7680 0.7670 0.0010 max 0.0000 0.5020| #VALUE!
Ave Dev. 0.00186 0.0028 0.0023 Ave Dev. #NUM! 0.0023| #VALUE!
Stnd Dev. 0.0019 0.0038 0.0032 Stnd Dev. #DIV/0! 0.0027 | ¥VALUE!
Botiom (Old) | Bottom (New) | Change Shell {Oid} | Shell (New) | Change
8] 0.762 0.760 -0.002 O[none 0.502| #VALUE!
0.764 0.757 -0.007 none 0.495| ¥VALUE!
0.763 0.752 -0.011 none 0.499] #VALUE!
90 0.766 Q.767 0.001 90inone 0.500{ #VALUE!
0.765 0.760 -0.005 none 0.496| #¥VALUE!
0.768 0.763 -0.005 none 0.496| #VALUEI
180 0.767 0.762 -0.005 180[none 0,498| #VALUE!
0.767 0.760 -0.007 none 0.493| #VALUE!
0.763 0.758 -0.005 none 0.494| #VALUE!
270 0.765 0.758 -0.007 270|nene 0.500| #VALUE!
0.767 0.758 -3.009 none 0.497| #VALUE!
0.764 0.756 -0.008 nane 0.496| #VALUE!
PRBT Tank Shell
0.600
0.500
0.400 -————— Shell (Old)
0.300
0.200 Shell (New)
0.100
0.000 - -
o g 2 2
d o
PRBT Tank Bottom
0.770 -
L e T T ———
0.760 == 7 = = Bottom (Cld)
0.755 va
0.750 Bottam (New)
0.745
0.740
o g 2 2
Lot o

Figure 1. Comparison of UT wall thickness data for PRBT tank shell and bottom before
(i.e. “‘old”) and after (i.e. “new”) DWPF cold chemical runs. .
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SRAT TANK SRAT TANK
Tank Bottom ] Tank Shell
Bottom (Oid) | Bottom (N=w) | Change Shell {Old) | Shell (New) | Change
Ave 0.7586 0.7614 0.0028 Ave 0.4856 0.4871 00015
min 0.7540 0.7580 0.0000 min 0.4710 0.4720 -0.0010
max 0.7840 0.7650 0.0060 max G.4990 0.5000 0.0040
Ave Dev. 0.0016 0.0015 0.0014 Ave Dev. 0.0064 0.0069 0.0013
Sind Dev. 0.0022 0.0018 0.0017 Stnd Dev. 0.0090 0.0093 0.0015
Bottom {Old) | Bottom (New) | Change Sheidl (Oid) | Shell (New} | Change
a 0.760 0.762 0.002 0 0.485 0.487 0.002
0.764 0.765 0.001 0.485 0.486 0.001
0.759 0.759 0.000 0.487 0.491 0.004
0.760 0.762 0.002 80 0.476 0.476 0.000
0.759 0.760 0.001 0.473 0.472 -0.001
30 0.758 0.759 0.001 0.471 0.474 0.003
0.757 0.760 0.003 180 0.499 0.499 0.000
0.757 0.762 Q.005 0.495 0.497 0.002
0.758 0.763 0.005 0.498 0.500 0.002
0.754 0.758 0.004 270 0.486 0.486 0.0C0
180 0.760 0.761 0.001 0.485 (0.487 0.002
0.759 0763 0.004 0.487 0.490 0.003
0.759 0.762 £.003
0.761 0.763 0.002
0.755 0.760 0.005
270 0,760 0.763 0.003
0.759 0.760 .00
0.757 0.760 0.003
0.759 0.762 0.003
0.757 0.763 0.006
SRAT Tank Shell
0.500 = =
0.490 —————— £ . o
0480 — z -———— Sheli (Old)
S 3
0.470 S
Shell {New)
G.460
0.450
e & 3 =
- o~
SRAT Tank Bottom
0.765 o
MNP NN
' RS S / N ————— Bottom (Old)
0.755 St hX
Bottom (New)
0.750 i
0.745
° 8 2 2
Lnd ™

Figure 2. Comparison of UT wall thickness data for SRAT tank shell and bottom before

(i.e. “old”) and after (i.e. “new”) DWPF cold chemical runs.
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SME TANK SME TANK
Tank Bottom Tank Shell
Bottom (Oid) | Bottom {(New) | Change Sheil (Old) | Sheli (New) | Change
Ave 0.7469 0.7502] 0.0033 Ave 0.5034 0.5044; 0.0010
min 0.7400 0.7450{ -0.0020 min 0.4890 0.4910[ -0.0010
max 0.7540 0.7600 0.0060 max 0.5150 0.5160] 0.0040
Ave Dev. 0.0038 0.0039| 0.0019] | Ave Dev. 0.0077 0.0076] 0.0011
Stnd Dev. 0.0045 0.0046 0.0024 Stnd Dev. 0.0089 0.0088| 0.0014
Bottom (Old) | Bottom (New) | Change Shell (Old) | Shell (New) | Change
0 G.747 0.745 -0.002 0 0.494 0.4956 0.002
0.743 0.748 0.003 0.500 0.504 0.004
0741 0.746 0.005 0.492 0.493 0.001
0.744 0.747 0.003 0.492 04917 -0.00%
0.753 0.751 -0.002 (.489 0.491 0.002
90 0.751 0.753 0.002 90 0.505 0.505; 0.000
0.748 0.751 0.003 0.514 0.514 0.000
0.740 0.745 0.005 0.512 0.515 0.003
0.740 0.746 0.006 0.513 0.513 0.000
0.743 0.748 0.005 0.512 0.512 0.000
180 0.754 0.757 0.003 180 0.502 0.502 0.000
0.754 0.760 0.006 0.513 0513 0.000
0.749 0.755 0.006 0.515 0516 0.001
0.744 0.749 0.005 0.515 0.515{ 0.000
0.749 0.752 0.003 0.513 0.515 0.002
270 0.749 0.751 0.002 270 0.500 0500 0.000
0.744 0.745 0.001 0.501 0.502( 0.001
0.745 0.746 0.001 0.496 0.496] 0.000
0.748 0.752 0.004 0.496 0.496 0.000
0.752 0.758 0.006 0.495 0.488| 0.003
0.503 0.506| 0.003
SME Tank
0.520
0.510 "’:“_}“‘\\/ S i
0.500 —= . / \‘_,_\\ Z | ——- - Shell (Old) i
0.480 e Shell (New) -
0.480 | J
0.470 |
e & 8 2
-~ [a]
0.760
.
0.750 S S = Bottor (Oid) |
__,,_J ™ 4 RN ;
F'r“-—-_ //" \\\ ,// \/ \‘f’/ :
0.740 : Bottom (New) i
0.730 —
° 8 2 2
- o

Figure 3. Comparison of UT wall thickness data for SME tank shell and bottom before
(i.e. “old”) and after (i.e. “new’) DWPF cold chemical runs.
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SR T AINK

SMECT TANK

Tank Bottom Tank Shet!
Bottom (Old) | Bottom (New) | Change Shell (Old} | Shell (New}| Change
Ave 0.8900 0.8869] -0.0032 Ave 0.5229 0.5224; -0.0005
min 0.8650 0.8620] -0.0140 min 05110 0.5110] -0.6020
max (.9020 0.8020] 0.0010 max 0.5350 0.5330f 0.003C
Ave Dev 0.0085 0.0080] 0.0025 Ave Dev. 0.0074 0.0071} 0.C010
Stnd Dev. 0.0109 0.0114] 0.0035 Stnd Dev. 0.0084 0.0079] 0.0014
Bottom (Qid) | Bottorn (New}]| Change Shell (Old) | Shell (New}| Change
0 0.880 0.874{ -0.008 0 (.530 0.529{ -G.001
0.865 0.864] -0.001 0.530 0.530 0.000
0.870 0.862] -0.008 0.526 0.526 0.000
0.879 0.8741 -0.005 80 0.519 0.517] -0.002
0.877 0.876{ -0.001 0.515 0.514] -0.001
90 0.902 0.898| -0.004 0.511 0.511 0.C00
0.902 0.898| -0.004 180 0.519 0.519 0.000
(.800 0.886| -0.004 0.518 0.517] -0.001
0.897 0.894 -0.003 0.511 0.514 0.003
0.896 ) 0.89 -0.005 270 0.533 D.533 0.000
180 0.893 0.891] -0.002 0.535 0.533] -0.002
0.888 0.888 0.000 0.528 0.526] -0.002
0.895 0.896| 0.001 ]
0.902 0.902 0.000
0.901 0.8981 -0.003
270 0.897 0883{ -0.014
0.887 0.886] -0.001
0.889 0.886| -0.003
.890 0.889; -0.001
0.890 0.891 0.001
SMECT Tank Shell !
!
0.540 5‘
0.530 ‘f, —— AT | 3
0526 S £ — Shell {Old)
: — m
0510 ———— Shell (New)
0.500
0490 - —
° 8 g g
- 4
n
SMECT Tank Bottom ‘
0.820 E
0.900 T <~ | ——— Botom (Old)—l
0.880 — pE ‘
0.860 S ~ Bottom (New) !
0.8400 g —— 5 e —
2 2 S

Figure 4. Comparison of UT wall thickness data for SMECT tank
before (i.e. “old™) and after (ie. “new”) DWPF cold chemical runs.

shell and bottom
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MFT TANK MFT TANK
Tank Bottom Tank Shell
Bottom {Old) | Bottom (New) | Change Shell (Qid) | Shell (New) { Change
Ave 0.747C 0.7536 0.0068 Ave 0.4966 0.5030| 0.0064
min 07410 0.747Q -0.0010 min 0.4880 0.4850| 9.002G
. max 0.7530 0.7630] 00110 max 0.5040 05110] 0.0110
Ave Dev. 0.0032 0.0041 6.0024 Ave Dev. 0.002¢9 0.0028| 0.0021
Stnd Dev. 0.0037 0.0049 0.0031 Stnd Dev. 0.0037 0.0038| 0.0028
Bottom (Old) | Bettom {New) | Change Shell (Old) | Shelt (New) ! Change
0 0.753 0.763 0.010 0 0.494 05031 . 0.009
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Figure 5. Comparison of UT wall thickness data for MFT tank shell and bottom before
(i.e. “old”) and after (i.e. “new”) DWPF cold chemical runs.
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OGCT TANK OGCT TANK
Tank Bottom Tank Shell
Bottom {Old) { Bottom {(New) | Change Shell (Old) | Shell (New) | Change
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max 0.7550 0.7620] 0.0120 max 0.5290 0.5300| 0.0050
Ave Dev. 0.0013 0.0013{ 00022 Ave Dev. 0.0157 0.0149| 0.0011
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Figure 6. Comparison of UT wall thickness data for OGCT tank shell and bottom before
(i.e. “old”) and after (i.e. “new””) DWPF cold chemical runs.
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RCT TANK
Tank Bottom
Bottom (Old) | Bottom (New) | Change |
Ave 0.7812 0.7758| -0.0053
min 0.7720 0.767C| -0.0210
max 0.7900 0.7870 £.0080
Ave Dev. 0.0037 0.0039 0.0058
Stnd Dev. 0.0050 0.0053 0.0083
Bottom (Old) | Bottom {New)| Change
0 0.778 0.775 -0.004
Q777 0.778 0.001
0.772 0.775 0.003
90 0.779 0.787 0.008
0.781 0.782 0.001
0.790 0.772 -0.018
180 0.788 0.767 -0.021
0777 0.772 -0.005
0.782 0.776 -0.006
270 0.782 0.775 -0.007
0.786 0.780 -0,006
0.781 0.772 -0.009
r RCT Tank Bottom
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Figure 7. Comparison of UT wall thickness data for RCT bottom shell before (i.e. “old”)
and after (i.e. “new”) DWPF cold chemical runs.
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3.3 Process Cooling/Steam Coils
3.3.1 Removable Coils - Reported by W. D. Daugherty

The removable coil assemblies from four tanks (SRAT, SMECT, SME and MFT) were
inspected. Each of these coil assemblies is of similar design. The SMECT cooling coils
are constructed of Type 316L stainless steel, while the other coil assemblies are
constructed of Hastelloy C-276. The SRAT and SME coil assemblies incorporate both
steam and cooling coils while the SMECT and MFT coil assemblies provide only
cooling. '

Results and Conclusions:

Two of the coil assemblies (SME and MFT) showed local degradation due to erosion. In
each of these, the patterns of wear were the same, although the SME coils experienced
greater wear than the MFT coils. No indications of corrosion were observed on any of
the coil assemblies.

The coil assemblies were examined through the use of visual observation and ultrasonic
thickness measurements. The local erosion and general condition of the coil assemblies
were documented by photography, videophotography and (for the SME) replication of
eroded areas of support structures. The SME coils are shown in Figure 8. The areas of
significant wear on the SME coil assembly include the following (the MFT coil was worn
similarly, but to a lesser degree):

* The bottom portion of the downcomer for the inner coil (which extends below the
coil itself) was worn smooth with a high degree of polish. The welds between elbows
and straight pipe sections were virtually flush with the base metal (no relief remaining)
on the sides towards the coil ID, and with reduced relief towards the coil OD. Wall
thinning by up to 40% was measured ultrasonically on the downcomer pipe. (Similar
measurements on the MFT downcomer pipe revealed 15% wall thinning.)

+* The bottom portion of the downcomer for the middle coil (which extends below the
coil to a lesser extent than for the inner coil) had a lesser degree of wear/polish, but
followed the same trends described for the inner coil downcomer. UT thickness
measurements show a minimum thickness in this area on the SME coil of about 9%
less than the nominal wall thickness.

» The lower coil support structures (4 locations) had significant erosion patterns with
loss of 50% or more of the support member cross section in some places. The same
erosion pattern was seen at each of the 4 Jocations, with significant metal loss at three
areas (see Figure 9). The supports for the inner and outer coils are connected by a
.straight bar (towards the inner coil) and a semicircular bar (towards the outer coil).

The straight bar was deeply grooved adjacent to the vertical support coming down
from the inner coil, and adjacent to the joint between the straight and semicircular bars.
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The third area with significant metal loss was on the supports for the middle coil.
These supports consist of two small vertical bars (~1/4 x 1/2 inch cross section) which
come down to meet a horizontal bar cantilevered from the outer coil support. The
lower portion of the two vertical bars and the end of the horizontal bar they attach to
was heavily eroded. The maximum metal loss of the vertical bars was just above the
attachment weld, with at least 1/2 of the cross section gone. Replicas were made of
these three areas on the supports at the 180° position (as identified for UT thickness
measurements).

UT thickness measurements were also taken at other locations on the cooling coils and
showed no significant wall thinning. The coils are fabricated from 2 inch Schedule 40
pipe, with a nominal wall thickness of 0.154 inch. The minimum wall thickness measured
away from the locations noted above for all four coil assemblies is 0.142 inch, within
10% of the nominal thickness. The UT data are provided in inspection reports 95-IR-06-
UT-0866, 95-IR-06-UT-0879, 95-IR-06-UT-0873 and 95-IR-06-UT-0851 for the SME,
MFT, SMECT and SRAT coils respectively.

Wall thicknesses measured during the FA-04 program were consistently less than those
measured in 1990 during baseline inspections. Although this suggested that general wall
thinning might have occurred, further investigation revealed that the difference is due
primarily to advancements in ultrasonic test equipment and calibration techniques [AID-
QCM-950127, "Quality Control Condition Report, Nov. 16, 1995, J. G. Dickinson].
Direct comparison of previous and current techniques revealed a consistent bias in the
previous equipment/procedures that led to overestimating the thickness of small bore pipe
walls by about 0.01 inch. Taking this into account, there was no significant change in
wall thickness of the coil assemblies except as already noted.

The observed wear patterns on the SME and MFT coil assemblies are consistent with the
predominant flow patterns in these tanks. An agitator located inside the coils provides
constant mixing of the tank contents. The lower blades are oriented vertically to drive the
slurry outward, while the upper blades are canted to establish a downward flow.
Together, the upper and lower blades set up a circulation pattern that includes rotation
around the tank, upward motion outside the coils, and downward motion inside the coils.
With the lower agitator blades at an elevation near the bottom of the cooling coils, the
bottom portion of the downcomers and lower support structures are located in a region of
relatively high flow velocity and turbulence. The presence of glass frit in the SME and
MFT distinguishes these two coil assemblies from the SRAT and SMECT coil
assemblies. With no abrasive material present in the other two tanks, those coil
assemblies experienced no significant erosion.

The condition of the SME and MFT coil assemblies was documented by NCR (35-NCR-
05-0215 and 95-NCR-05-0221, respectively). In both cases, additional C-276 matenal
was added to increase the remaining service life. In addition, a Stellite coating was added
to the SME coil support frame surfaces that are exposed to direct impact by the frit slurry.
Both coil assemblies were then returned to service. :
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Based on the lack of degradation observed on the SRAT and SMECT coil assemblies, no
significant limitations to their service life are identified. They are expected to continue
operating for the life of the facility. Erosion due to the glass frit is expected to limit the
service life of the SME and MFT coil assemblies. The MFT coil assembly, with the less
severe erosion, is expected to serve an additional 5 years. The benefit of the Stellite
overlay placed on the SME coil support structure cannot be quantified, but at least 2 years
additional service is expected. The coils should be inspected at that point to determine
the remaining service life.

3.3.2 Fixed Coils - Reported by J. T. Gee

The PR and OE vessels in the SPC contain fixed steam coils. As a result of the higher
temperatures, corrosion of the steam coils is expected to be higher than that for the vessel
wall. Thus, corrosion of the steam coils could be life limiting for the vessel. Note that
both of these coils are fabricated from alloy C-276 which has a high degree of corrosion
resistance.

Both of the fixed coils were visually inspected using remote video probe techniques. The
inspection reports are documented in “FA-04 Materials Evaluations / Field Reports”
(WSRC-TR-96-0197) under the following inspection report numbers:

Fixed Coils Inspection Report (contained in WSRC-TR-96-0i197)
PR 95-TR-06-VT-1177
OE 95-IR-06-VT-1178

Results and Conclusions:

While no evidence of significant localized corrosion was noted, this would not rule out
the possibility of significant general corrosion which could occur when steam is flowing
in the coils.

Corrosion of the PR and OE steam coils was considered under the DWPF Structural
Integrity Program and results were documented. The document is provided in Appendix 7
in its entirety. This evaluation, based on laboratory coupon data at elevated temperatures,
suggested corrosion rates of up to 5 mils/year. This would limit the useful life of the
vessels (i.e. breach of corrosion allowance) to about twelve years. This evaluation was not
realistic in that the steam coils will be at elevated temperatures for only a few hours per
batch cycle when steam flow is present. It was therefore concluded that accelerated
corrosion of the fixed coils would not significantly reduce the expected life of the PR and
OE vessels.
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Figure 8. Lower portion of SME coil assembly (inspected in detail in FA-04 program)
showing coils, downcomer pipes, and lower support structure. N
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Figure 9. Detail of erosion pattern at SME coil assembly lower supports. Negative
WSRC-FM-95-0044-15.



DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION 0

3.4  Sample Pumps

3.4.1 PR, SRAT, SME, MFT, and OGCT Sample Pumps
- Reported by K. J. Imrich

As part of the FA-04 Inspection Program the 1.5 inch vertical cantilever shaft sample
pumps from the PR, SRAT, SME, MFT, and OGCT were visually inspected for
evidence of erosion and/or corrosion. The pumps are used to collect samples for
analytical analysis from their respective process vessels. A typical Chemical Process
Cell sample pump is shown in Figure 10. The impeller and impeller housings were
fabricated from CW7M, a cast version of Hastelloy C-276, except for the housings
and impellers from the SME and MFT, which were fabricated from cast Stellite 6
(AMS-5373B). All other sample lines were constructed from Hastelloy C-276.
Visual inspection of all the pumps did not reveal any evidence of serious corrosion or
erosion. . The following table includes a list of inspections that were performed and
documented by Administration & Infrastructure Quality/Quality Control (A&IQ/QC).

Sample Pump A&IQ/OC Inspection Report Numbers
PR 95-IR-06-VT-1173
PR 95-1R-06-UT-1175
PR 95-IR-06-PT-1174
SRAT 95-IR-06-VT-0847
SRAT 95-IR-06-UT-0846
SRAT 95-IR-06-PT-0845
SME 95-IR-06-VT-0860
SME 95-IR-06-UT-0859
SME 95-IR-06-PT-0861
MFT 95-1R-06-VT-0987
MFT 95-IR-06-UT-0877
MFT 95-1R-06-PT-0876
OGCT 95-IR-06-VT-1044
OGCT 95-IR-06-UT-1046
OGCT 95-IR-06-PT-1045

The individual reports were compiled in the report entitled, “FA-04 Materials
Evaluation / Field Reports”, document number WSRC-TR-96-0197. Measurements
recorded during the FA-04 inspection were compared to baseline data. The following
is a summary of the various inspections.

Results and Conclusions:

The pumps were fabricated by Lawrence Pumps Inc. and were generally similar in
design. Design life of the pumps is five years. Although all the pumps were visually
inspected, only the SME sample pump will be shown in this report. It was chosen
because it was exposed to the harshest environmental conditions. The SME pump
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consists of a feed, return, and sample lines. No evidence of corrosion was observed
on these lines or any external component. Figure 11 shows the strainer and suction
line going the pump. The restriction nozzle assembly is shown in Figure 12. Both the
strainer and restriction nozzle are located near the bottom of the of the vessel where
the slurry would most likely abrade external portions of the pump. However, no
evidence of external erosion was observed. The pump housing was disassembled and
the internal parts were visually inspected (Figure 13a). Only a minor amount of
erosion was found around the outlet region (Figure 13b). Otherwise the housing was
in excellent condition. Figures 14a and 14b show side and bottom views of the
impeller. Some erosion was observed on the spiral ribs on the bottom of the impeller
but was insignificant. Overall the SME, PR, SRAT, MFT, and OGCT sample pumps
were in excellent condition and should not be adversely affected by either erosion or
corrosion over their five year design life.

3.4.2. Erosion of Sample Line Pick-up Points - Reported by J. T. Gee

In each sample pump, the sample required for analytical testing is pulled from a larger
recirculating loop (one and one-half inch diameter) and is routed through small diameter
pipe (i.e. half inch diameter) to the appropriate sample cell. SRTC personnel were
concerned about erosion of the “sample line pick-up” where the liquid sample (i.e.
containing glass frit) enters the smaller sample line going to the analytical sample cell.
Figure 15 shows the block assembly on the SME sample pump containing the noted
sample line pick-up point. This is typical for all CPC sample pumps. Any significant wear
at this critical pick-up point as a result of erosion could conceivably impact the
characteristics of the material entering the sample line. It was feared that if this occurred
the sample may not be truly representative of the tank contents. Since the chemical
analysis of the process streams is very critical for ensuring glass chemistry, anything that
impacted the reliability of the sample quality could not be tolerated.

The sample line pick-up points for the SME and MFT sample pumps were radiographed
before (baseline) and after cold chemical runs to monitor degradation. Special precautions
were used to ensure that the radiographs performed after cold chemical runs were shot as
close as possible to the baseline radiographs.

Results and Conclusions:

Radiographs for the sample line pick-up points (two comparisons for the SME and MFT
sample pumps) were evaluated by Mr. Jim Dickinson of A&IQ NDE. He is a level III
radiography inspector and is considered a site expert in radiograph interpretation. It was
his conclusion that there was no discernible differences between the two sets of
radiographs and therefore no wear had occurred (Reference: Appendix 2, NDE *“Quality
Control Condition Report for CPC,” AID-QCM-950-127).
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Based on the radiograph evaluations of Mr. Dickinson, it was concluded that there was no

evidence of erosion of the sample line pick-up points for the SME and MFT and as a
result, degradation of sample quality as a result of wear was not expected.

3.4.3 Mechanical Fatigue of Sample/Transfer Pumps - Reported by J. T. Gee

Failure of vendor reworked SMECT process pumps as a result of mechanical fatigues at
pump dip tube cross bracing, led to decision to inspect selected process pumps under the
FA-04 materials program.

3.4.3.1 CPC Pumps
The following process CPC pumps were inspected using PT and results documented in
the referenced inspection reports. These reports are contained in the “FA-04 Materials

Evaluation / Field Reports” (WSRC-TR-96-0197) document.

CPC Process Pumps Inspection Report (contained in (WSRC-TR-96-0197)

MFT Feed Pump 95-IR-06-PT-0996

MFT Sampie 95-1R-06-PT-0876
OGCT Sample 95-IR-06-PT-1045
SME Transfer 95-IR-06-PT-0858
SME Sample 95-IR-06-PT-0861
SRAT Sample 95-IR-06-PT-0845

SMECT Transfer 95-IR-06-PT-0871

Results and Conclusions:

No evidence of mechanical fatigue at welds was indicated by the PT examination. Note
that the CPC pumps had been reworked at SRS to improve the support structure (i.c.
bracing).

3.4.3.2 SPC Pumps
The following SPC pumps were inspected using PT and results were documented in the
results documented in the referenced inspection reports. These reports are contained in

the “FA-04 Materials Evaluation / Field Reports” (WSRC-TR-96-0197) document.

SPC Process Pumps Inspection Report ( contained in WSRC-TR-96-0197)

PR Sample 95-IR-06-PT-1174
PRFT Sample 95-IR-06-PT-1182
PRFT Transfer 95-IR-06-PT-1184
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Results and Conclusions:

The PR sample pump contained four PT indications (i.e. mechanical fatigue cracks) at
welds on the cross bracing as partially shown in Figure 16. As a result the PRFT sample
and PRFT transfer pump were removed and inspected. The PRFT sample pump (identical
to PR) contained two PT indications and the PRFT transfer pump none.

The SPC process pumps were “as-received” from the vendor and had not been reworked
at SRS. The fact that the SPC pumps had not been reworked to improve structural support
is thought to be the primary difference in the performance of the CPC and SPC process
pumps. The damaged SPC sample pumps were repaired as referenced in the FA-04.03
Field Completion Report.
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Figure 10. Photograph showing typical Chemical Process Cell sample pump (WSRC-
F\-96-308-16).
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Figure 11. Photograph of the strainer and suction line from the SME sample pump
(WSRC-FM-95-0006-8). Note welds and strainer show visible signs of significant

erosion.
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Figure |2. Photograph of the restriction nozzle assembly from the SME sample pump
(WSRC-FM-95-0006-9). Degradation resulting from corrosion or erosion was not
observed on the metallic components or the alumina nozzle.



DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION O

<\

~ample Poump

Figure 13a. Photograph of the impeller housing from the SME sample pump showing

inlet and outlet regions (WSRC-FM-95-0006-1).
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Figure 13b. Photograph of the impelier housing from the SME sample pump showing

outlet region. Arrow indicates region of minor erosion observed around the ouilet of

impetler housing {WSRC-FM-95-0006-2).
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Figure 14a. Photograph showing a side view of the impeller from the SME sample
pump (WSRC-FM-93-0006-32).
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Figure 14b. Photograph showing a bottom view of the impeller from the SME sample
pump 1 WSRC-FM-95-0006-34).
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Figure 15. Photograph showing the block assembly on the SME sample pump that

contains the “sample line pick-up poi
sample line going to the sample cell 1
going back into the tank.

nt” (WSRC-FM-96-380-1), where the smaller
s removed from the larger recirculating loop
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Figure 16. Photograph showing horizontal indications in PR sample pump
(WSRC-FM-96-380-7) which were determined to be caused by fatigue.
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3.5 PR, SRAT, SME, and MFT Agitator Blades - Reported by K. J. Imrich

The DWPF has operated with non-radioactive simulated waste solutions for
approximately fourteen months. Because of the erosive/corrosive nature of processing
frit/sludge/slurry mixtures and several process changes since the materials of
construction were selected, the FA-04 erosion/corrosion evaluation program was
performed on the DWPF feed preparation system prior to radioactive operations. As
part of this program the agitators from the Precipitate Reactor (PR) Tank, Sludge
Receipt and Adjustment Tank (SRAT), Slurry Mix Evaporator (SME), and Melter

Feed Tank (MFT) were removed and evaluated for evidence of erosion, corrosion and’

cracking. Agitator blade assemblies, constructed of alloy Hastelloy C-276, are used in
the feed processing vessels to adequately mix the viscous frit/sludge/slurry mixtures
for proper sampling and processing. They consist of two sets of blades, an upper set
of curved hydrofoil blades (three or four blades) and four lower flat rectangular
blades. Design life of all the agitators is five years. Nondestructive evaluations
(NDE), consisting of ultrasonic thickness testing (UT) and liquid penetrant testing
(PT) were performed to identify and quantify the degree of general corrosion, erosion
and cracking resulting from twelve months of operation. Thickness measurements
using calipers were also taken at specific locations around the blades to document
some of the irregular wear scars and to verify UT measurements in these areas. The
following table includes a list of inspections that were performed and documented by
Administration & Infrastructure Quality/Quality Control (A&IQ/QC).

Agitator A&IOQ/QC Inspection Report Numbers
PR 95-TR-06-VT-1176
SRAT 95-IR-06-VT-0848
SME 95-IR-06-UT-0862
MFT 95-IR-06-VT-1118
MFT 95-IR-06-VT-0878
MFT 95-IR-06-PT-1117

The individual reports were compiled in the report entitled, “FA-04 Materials
Evaluation / Field Reports”, document number WSRC-TR-96-0197. Measurements
recorded during the FA-04 inspection were compared to baseline data. The following
is a summary of the various inspections.

Resuits and Conclusions:

Precipitate slurry is processed by a hydrolysis reaction of cesium and potassium
tetraphenylborate with formic acid in the PR. This chemical process removes
mercury and organics. Since the slurry does not contain any abrasive particles,
erosion is not a major concern with this system. The PR agitator is the only one
having four upper hydrofoil blades (Figure 17a). A large dent was observed on the
top edge of one of the lower blades (Figure 17b). The dent was mechanically induced
and should not adversely affect its performance. Degradation due to corrosion or
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erosion was not observed. Therefore, this agitator 1s expected to perform
satisfactorily for at least five years.

Washed sludge and bottoms product from the PR are reacted with nitric acid in the
SRAT. Although the sludge processed in the SRAT contains some solids, it is not
very abrasive. Corrosion is again the major concern. The agitator from SRAT
consists of three upper hydrofoil blades and four rectangular lower blades (Figures
18a and 18b). Visual inspection of the SRAT agitator showed a minimal amount of
erosion on the back side of the lower blades near the attachment tabs (Figure 18c).
The tabs are approximately 3 " thick and are used to secure the blades to the hub. No
evidence of corrosion or cracking was observed. Upper hydrofoil blades were also in
excellent condition. Overall the SRAT agitator was in excellent condition and should
perform satisfactorily for its five year design life.

The sludge/slurry from the SRAT is next fed to the SME where it is mixed with glass
frit and concentrated to the proper solid content for the melter. This mixture is more
abrasive than those in the PR or in the SRAT, therefore, both erosion and corrosion
are concerns in this vessel. The SME agitator 1s similar in design to that of the SRAT
(Figure 19a). -Minor erosion was observed on the léading edge and tip of the upper
hydrofoil blades (Figure 19b). Deep wear scars, approximately 50% through wall,
were observed on the back sides of the lower agitator blades. Severe erosion of the
blades was observed at the corners of the attachment tabs (Figure 19c). Severe
erosion of the blade was also observed above the tab and on the lower edge of the
blade. The degree of blade thinning is shown in Figure 19d. Tips of these blades
experienced some minor wear. Two of the four attachment tabs were beveled at the
ends, however; beveling did not minimize the erosion (Figure 19c). Only a slight
rounding of the edges was visible on the front sides of the lower blades (Figure 19¢).
No evidence of cracking or significant corrosion was observed on any of the blades.
The SME agitator blade, as originally designed, experienced severe degradation and
will not survive more than two years of continuous operation.

The adjusted slurry from the SME is finally sent to the MFT where it is held until it is
ready to be fed into the melter. An agitator, similar in design to those in the SRAT
and the SME, is used to keep solids in suspension (Figure 20a. Wear patterns, similar
to those on the SME agitator blades were observed on the MFT agitator blades.
Figures 20b and 20c show wear patterns on the upper hydrofoil and lower blades,
respectively. Erosion of the MFT agitator blades was more severe than on the SRAT
agitator blades, but, less severe than on the SME agitator blades. No evidence of
corrosion or cracking was observed. The MFT agitator should perform satisfactorily
for its five year design life.

To ensure that the SME and MFT agitators perform satisfactorily for their five year
design life, replacement agitators with a modified lower blade design were installed
prior to start of radioactive operations. This new design incorporates additional use of
Stellite hard face coating (i.e. weld overlay) to mitigate erosion. Hard facing was
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applied around the entire attachment tab, approximately four inches in front of the tab,
and around the outer edge of the blades. Hastelloy C-276 blocks were attached to the
end of the two blades for balance (Figure 21). Hydrofoil blades were not hard faced.
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Figure 17a. Photograph of the PR upper agitator blades (WSRC-FM-96-0357-7).
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Figure 17b. Photograph of the front side of a PR lower agitator blade. Arrow
indicates mechanically damaged area {(WSRC-FM-96-0357-11).
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Figure 18a. Photograph of the SRAT upper agitator blades (WSRC-FM-95-0048-16}.
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Figure 18b. Photograph of the SRAT lower agitator blades (WSRC-FM-95-0048-12).
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Figure 18¢c. Photograph of the back side of a SRAT lower agitator blade (WSRC-FM-
935-0048-19). Arrow shows location of minor erosion on the blade near the corner of
attachment tab.
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Figure 19a. Photograph of the SME agitator showing both the upper hydrofoil and
the lower rectangular blades (WSRC-FM-95-0064-35).
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Figure 19b. Photograph of the top side of a SME agitator hydrofoil blade (WSRC-
FM-95-0048-7). Wear was observed on the leading edge and tip of the blade.
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Figure 19¢. Photograph of the back side of a lower SME agitator blade showing
severe wear of the blade at corners of the tab and upper edge of the blade near the hub
(WSRC-FM-95-0065-45). Wear was observed on the bottom edge and at the tip of
the blades. Arrow indicates beveled region of tab.
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Figure 19d. Photograph of the upper edge of a lower SME agitator blade (WSRC-
FM-95-0006-11). The original nominal blade thickness was 0.375 inches.
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Figure 19e. Photograph of the front side of a lower SME agitator blade (WSRC-FM-
95-0006-22). Only slight rounding of the blade edges was observed on the front
sides.
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Figure 20a. Photograph of the MFT agitator showing both the upper hydrofoil and

the lower rectangular blades (WSRC-FM-95-0066-12).
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Figure 20b. Photograph of a MFT agitator hydrofotl blade (WSRC-FM-95-0066-16).
Minimal erosion was observed on these blades.
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Figure 20c. Photograph of a MFT agitator lower blade (WSRC-FM-95-0066-46}.
Erosion is visible on the blade at the corner of the attachment tab.
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Figure 21. Photograph of the replacement MFT agitator showing the Stellite hard
facing applied on the lower blades (WSRC-FM-96-0071-9).
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3.6  Erosion of Melter Feed Loops - Reported by G. T. Chandler

Inspection Results

The inspections performed on the melter feed loop components are summarized in Table
II. In general, no significant findings were reported. One location in the piping
associated with the MFT feed pump #1 was significantly thinner than the remainder of
the piping. The nominal thickness for this pipe is 0.154 inches. Four thickness
measurements around the circumference were made at this thin spot. All 4 measurements
were at or below 0.139 inches. While this is a straight run of pipe, the low values were
obtained at or near a reducer. Based on available pre-service baseline data, this area had a
reduced wall thickness (i.e. possibly due to reducer design) when received. For this
reason, it is concluded that wall thinning did not occur as a result of erosion. Other pipe
sections and fittings associated with the MFT feed pump #1 had acceptable wall
thicknesses of 0.141 inches or greater, except for one measurement of 0.135 inches on the
extrados of an elbow immediately downstream from the pipe section with the lowest
measurements. Based on review of the other UT data at this location, the low value is a
result of thinning due to pipe bending. This is acceptable as is further discussed in section
3.13. ‘

The MFT Recirculating Feed Pumnp #1 was also inspected for evidence of erosion and/or
corrosion. The pump housing was disassembled and the internal parts were visually
inspected. The housing and impeller are constructed of cast Stellite 6. The MFT Feed
Pump #1 housing and impeller are shown in Figures 22a & 22b. Significant thinning and
wear scars were observed on the pump impeller. Significant wear was also observed
around the outlet region of the pump. The mechanical lifetime of this pump is expected
to be five years. Erosion/corrosion of this pump is not expected to reduce this lifetime.

Table III. Summary of Melter Feed Loop Inspections

Component Name Equipment Number Type of Docurnentation
Inspection
MF loop #1 DT assy (7.6)DT VT 95-1R-06-VT-0991
PT 95-IR-06-PT-0992
#1 MF loop/return to tank (7.1TP)3Y(7.6DT)1 VT 95-IR-06-VT-0990
MFT #! feed loop line strainer  (7.1TP)3X North VT 95-1R-06-VT-0884
Melter feed line jumper 257(1.2TP)3 VT 95-IR-06-VT-0882
UT 95-IR-06-UT-0881
Melter feed system to return (7.2TP)3V{7)y7 VT 95-IR-06-VT-0989
loop to tank jumper
MFT #2 feed loop line strainer  (7.2TP)3X South VT 95-IR-06-VT-0885
#2 MF loop / return to tank (7.2TP3V(7.6DT)2 VT 95-IR-06-VT-0989
MFT feed pump #1 $350-170-011-00-P VT 95-IR-06-VT-0994
UT 95-IR-06-UT-0995
PT 95-IR-06-PT-0996
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Figure 22a. Inner housing of Melter Feed Pump No. 1 (arrow indicates wear scar)
(Negative WSRC-FM-96-0068-6).
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Figure 22b. Side view of impeller from Melter Feed Pump No. 1 indicating thinning
(Negative WSRC-FM-96-0068-4).
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3.7 Jumper Degradation Issues - Reported by W. L. Daugherty

Inspection Results:

Table IV summarizes the inspections performed on the various jumpers (not including
jumpers specifically included in other sections of this report, such as melter feed loop
jumpers). Inspection methods include visual and ultrasonic inspection. In most cases, the
visual inspections were performed by A&IQ/QC either directly or by video probe. Tapes
made from video probe inspections were also reviewed by Materials Technology
personnel. No significant degradation was observed on any of the jumpers scheduled for
inspection. However, fatigue failures of several jumper diptubes (not scheduled for
inspection, but removed in preparation for other inspections) were found.

The three CDC jumpers received direct visual examination, with no reportable
indications noted. The SRAT condenser to MWWT jumper was inspected remotely by
video probe. Some scale-type debris and mercury was noted inside the pipe. The PRBT
to SRAT feed jumper was inspected remotely by video probe. In addition, the orifice
plate at one end received direct visual examination by Materials Technology. No
indications were noted, and no significant wear was observed on the orifice plate.

Ultrasonic thickness measurements were made on several jumpers, as noted in Table IV.
These measurements were generally consistent with the nominal pipe dimensions.

Diptubes extend to various of the DWPF process vessels to fulfill a number of functions.
These tubes are a part of jumpers and can be removed. Typically, the diptubes extend
some distance (up to about 14 feet) into the vessel and either hang freely or are restrained
from excess motion by guides inside the tank. During inspections for the FA-04.02 test
program, problems were discovered with four damaged dip tubes. Two diptubes in the
SMECT failed as a result of fatigue, while a third diptube in the SMECT probably failed
as a result of fatigue, but was not examined:

* The diptube on jumper (10)4Y-4 is of pipe-in-pipe construction, with the outer pipe
(1.5 inch Schedule 80) almost completely broken off at a circumferential weld. This
diptube carries condensate from the GC sample cooler. (refer to photographs WSRC-
F-95-0044-42 through 48)

* The diptube on jumper (11.1C)3-(10)2 is a 2 inch Schedule 40 pipe, which separated
at the fillet weld attaching it to the jumper block. This diptube carries condensate
from the SME condenser. (refer to photographs WSRC-F-95-0044-25 through 27)

* A third diptube on jumper (10)16Y-16 was also reported failed, but was not examined
by Materials Technology personnel. This diptube carries condensate from the GC
sample cooler.

A failure analysis of the first two SMECT diptubes is documented in SRT-MTS-955223
{"SMECT Diptube Failure Analysis", Sept. 19, 1995, W. L. Daugherty). A fourth diptube
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in the SME had a hole worn through the side from repeated contact/impact against a
nearby deflector plate. This diptube (jumper 501(12)-(11)17) is for frit addition.

Table IV. Summary of jumper inspections

Jumper Name Jumper Number Type of Documentation
Inspection
PRBT to SRAT feed ASX(12.1TP)3 VT 95-IR-06-VT-1037, FA-04

Videotape #4, Photographs
WSRC-F-95-0046-13 & -14

SRAT sample discharge 403(9.35P)2 Ut 95-IR-06-UT-0854
SRAT condenser to MWWT (9.1C)3(10.2WT)3 VT 95-IR-06-VT-0853
UT 65.1R-06-UT-0852 and
95-1R-06-UT-0849
SRAT condenser to FAVC (9.1CH5-(10.7C)3 N/A N/A - removed from process
SME sample discharge 403(11.38P)2 UT 95-IR-06-UT-0867
PFSFT to SME S01(12D-(11)17 UT 95-IR-06-UT-0988
MFT sample discharge 404(7.38P)2 uT 95-IR-06-UT-0883
OGCT sample discharge 403(6.45P)2 uT 95-1R-06-UT-0993
CDC No. | jumper 357(23CD)11 VT 95-IR-06-VT-1065
+ UT 05-IR-06-UT-1066
CDC No. 1 jumper 358(23CD)12 vT 95-IR-06-VT-1063
uT 95-IR-06-UT-1067
CDC No. | jumper 359(23CD)13 VT 95-IR-06-VT-1064
UT 95-IR-06-UT-1068
Discussion:

Jumper ASX(12.1TP)3 transfers solution from the PRBT to the SRAT. It contains a 7/16
inch diameter orifice to limit the rate of transfer. This orifice was examined due to the
possibility of solids in the solution from the PRBT causing erosion. No evidence of
erosion was noted - the diameter of the orifice was uniform, with no round-over of the
visible edge. No corrosion was noted on the C-276 orifice plate, which has an estimated
corrosion rate of less than 1 mil/yr (ref. WSRC-TR-95-0385). The condition of this
jumper and orifice plate is documented by photographs (WSRC-F-95-0046-13 and -14)
and videotape (to be stored with FA-04 test records).

In four of the jumpers, 2 or more thickness measurements were less than the minimum
allowable thickness for new, straight pipe. Each of these measurements were taken at
bends. The greatest decrease from nominal thickness was measured on the PFSFT to
SME jumper, with a 0.120 inch minimum thickness. This jumper is constructed of 2 inch
Schedule 40 pipe, which has a nominal thickness of 0.154 inch.

ASTM Standard B622 (invoked by piping code P213) identifies allowable variation in
wall thickness for C-276 pipe, with a minimum allowable wall thickness of either 10 or
12.5% (depending on diameter) below the nominal thickness for the pipe sizes inspected.
Code P213 provides zero allowance for erosion/corrosion in service. ASTM Standard
A312 (invoked by piping codes P198 and P230) similarly applies to austenitic stainless

70



DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION 0

steel pipe, and in turn invokes Standard A530 which has a minimum allowable wall
thickness of 12.5% below the nominal thickness for the pipe sizes inspected. Codes P198
and P230 both provide zero allowance for erosion/corrosion in service. In addition,
general requirements provided with the P Codes allow additional thinning of 10 to 18% at
bends, depending on bend radius. Discussions between J. T. Gee (DWPF Engineering)
and G. Rawls (E&CSD, and member of the Site Piping Committee) identified that current
site practice increases this thinning allowance at bends up to 21% (for 3D bends).

All jumper thicknesses exceeded the allowable thickness after subtracting the additional
21% allowance for bends, and are considered technically acceptable. There is no
indication that such wall thinning is related to service degradation (corrosion, erosion). It
is noted that the true minimum wall thickness is that identified by analysis as necessary to
account for design loads and in-service degradation (pressure, temperature, corrosion,
etc.). This thickness can be much lower that the minimum specified by design practice as
described above.

Since the dip tubes were not within the scope of the FA-04 test program, this information
was provided to Operations. Repair of the damaged djptubes and evaluation of all the
diptubes was covered under U-PMT-S-006635.

3.8 SRAT and SME Condensers - Reported by J. T. Gee

The interior of the SRAT and SME condensers (alloy C-276) were visually inspected
using a video probe as documented in NDE inspection reports 95-IR-06-VT-0864 and
0850, respectively. Reports are located in the “FA-04 Materials Evaluation / Field
Reports® document (WSRC-TR-96-0197).

Results and Conclusions:

Based on these inspections, there was little evidence of corrosion which would
significantly impact the life expectancy of the equipment.

3.9 SRAT Ammonia Scrubber - Reported by J. T. Gee

The SRAT, SME and RCT/MFT ammonia scrubber vessels are essentially identical. All
are fabricated from 316L stainiess steel and recycle a dilute nitric acid solution from the
SMECT. The SRAT ammonia scrubber was selected as typical of the three and inspected
during the FA-04 test program. A remote visual inspection (i.e. video probe) was
performed with entry into the vessel through an open nozzle. This inspection is
documented in NDE inspection report 95-IR-06-VT-0997, and is contained in the “FA-04
Materials Evaluation / Field Reports* document (WSRC-TR-96-0197).
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Results and Conclusions:

Inspection results indicated that all surfaces were clean and there was no evidence of
erosion/corrosion, as would be expected for a stainless steel alloy for the given service
conditions.

3.10 Melter Top Head and Off Gas Components - Reported by K. J. Imrich

The melter top head components were not considered under the FA-04 materials
evaluation program. These components were inspected, however, and their predicted life
expectancies are addressed in separate stand alorie report authored by K. J. Imrich. This
report, that also includes inspection results on melter off gas lines (part of FA-04
program) is contained in Appendix 5, and is entitled “Visual Examination of DWPF
Melter Top Head and Off Gas Components.”

3.11 Inspection of Off Gas System Downstream of Quencher

A decision was made to eliminate the planned inspections of the DWPF off gas system
(i.e. SAS, HEME, HEPA, etc.) based on prior inspections at the IDMS facility at TNX.
Field inspections and review of corrosion coupons removed from the [IDMS off gas
system demonstrated that corrosion in these components was not a concern. A report of
these inspections authored by K. J. Imrich is contained in Appendix 6, and is entitled,
“Remote Visual Inspection of IDMS Off Gas System.”

3.12 CDC No. 1 and No. 2 Nozzle Racks - Reported by J. T. Gee

The Canister Decon Chamber (CDC) Nos. 1 and 2 spray nozzle racks were visually
inspected after the cold chemical runs. Results are documented in NDE reports, 95-IR-06-
VT-1058 & 1059 for racks 1 and 2 respectively. These reports are contained in the “FA-
04 Materials Evaluation / Field Reports™ document (WSRC-TR-96-0197).

Results and Conclusions:

The CDC No. 1 spray nozzle rack appeared to be in good condition. A photograph of the
subject rack is provided in Figure 23a. Three of the seven boron carbide insert tubes that
fit inside the frit feed nozzles (i.e. nozzles for blasting sides of canister) had small chips
missing from the frit discharge end. This was thought to be from mechanical damage
(e.g., installation, bumped by canisters, etc.) but did not appear severe enough to impact
the life of the nozzle. All eleven of the rinse nozzles were in good condition. Portions of
the 304L stainless steel (No. 1) ribbon nozzle showed significant erosion/corrosion.
Figure 23b provides a photograph of the disassembled ribbon nozzle. Most of the attack
appeared to be crevice or pitting corrosion. It is possible that it occurred as a result of frit
being deposited on the stainless steel during cleaning operations, since portions of the
stainless steel that should only see air had the noted localized corTosion.
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Similar inspections of the No. 2 nozzle rack were performed. Both of the decon chambers
had similar operating histories. The ribbon nozzle did not have significant crevice
corrosion. Since the No. 2 ribbon nozzle is relatively clean, the noted corrosion on the
No. | ribbon nozzle may have resulted from a one-time improper cleaning after use and
may not be a major problem.
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Figure 23a. Photograph providing an over view of CDC #1 Spray Nozzle Rack
(WSRC-FM-96-307-9).
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Figure 23b. Photograph of Disassembled CDC #1 Ribbon Nozzle. Note the evidence of
localized corrosion on the stainless steel surfaces. (WSRC-FM-96-380-10)




DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION §

3.13 Erosion/Corrosion of Permanent Sample Lines - Reported by J. T. Gee

Permanent sample lines running along the west side of the 221-S canyon to the analytical
cell were designed to last the life of the DWPF facility. These lines are generally
fabricated from alloy C-276, so general or localized corrosion would not be expected.
However, the lines containing slurries with glass frit particles (i.e. SME and MFT) may
be subject to erosion at weld protrusions, sharp bends or elbows where flow is obstructed.
The lines, one-half inch diameter, schedule 40 pipe, were designed to reduce erosion by
long radius bends and pipe sizing to reduce fluid velocity. The installed lines, however,
contained many sharp bends where the piping runs were turned to enter nozzle boxes or
the analytical cell.

A&IQ NDE performed inspections on the PR, SRAT, SME, MFT, and OGCT permanent
sample lines using UT before and after cold chemical runs. All five sample lines were
inspected under 95-IR-06-UT-0898, which is contained in the “FA-04 Materials
Evaluation / Field Reports” document (WSRC-TR-96-0197).

A note of caution is provided concerning interpretation of UT data for small bore piping
as was used for the sample lines. This was partially addressed in the summary Quality
Control Condition Report for the CPC (AID-QCM-950127) which is provided in
Appendix 2. Several factors could account for relative changes in UT data. The largest
factor is that after the original baseline UT inspections were performed, the NDE group
switched to a smaller and more accurate UT transducer. As noted in the referenced NDE
summary report, a correction factor was calculated to account for the change in
transducer. A second factor is the inability to exactly match the original UT reference
mark. UT measurements are generally taken at four positions (i.e. 90, 180, 270, and 360
degrees) around the circumference of small bore piping. As the piping sections are bent to
tight radii, a small change in location from the original UT reference mark can indicate a
véry significant change in wall thickness. This is due to the stretching and/or compression
(i.e. wall thickness may increase or decrease) as the pipe is bent. Also, since different
NDE inspectors were involved between the baseline and final UT inspections, it is
possible that the noted angular reference marks were not perfectly matched. Thus, UT
data on small bore piping should only be used for general trends.

The PR, SRAT, and OGCT sample lines are not expected to corrode, based on corrosion
coupon testing results (discussed later). For this reason, UT trends on these lines can be
used to compare against data collected on the SME and MFT sample lines where erosion
may have occurred as a result of glass frit particles.

Another issue could account for apparent “thin” wall readings in the UT data. When pipe
is bent, the wall will thin in some areas and get thicker in others as a result of stretching
or compression of the material. Depending on the bend radius, current SRS practice
allows up to 21% thinning of the pipe wall (i.e. 3D bends). In addition, ASME 31.3
allows up to 12.5% wall thickness reduction in as-procured schedule 40 pipe sections.
Since the 12.5 and 21% wall thinning allowances are additive, based on SRS Piping

)
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Committee clarification, apparently low UT measurements would be acceptable,
particularly if they occurred at bends in piping sections.

Results and Conclusions:

Based on review of the UT data for the PR, SRAT, SME, MFT, and OGCT permanent
sample lines, there was no discernible evidence of erosion/corrosion during the period of
cold chemical runs. It was therefore concluded that the permanent sample lines should
last the life of the DWPF facility.

3.14 Erosion/Corrosion in Analytical Cells
3.14.1 Remote Hydragard Sampler - Reported by G. T. Chandler

A Remote Hydragard Sampler system for the Slurry Mix Evaporator (SME)} in the
Analytical Cells was removed and examined for erosion/corrosion degradation in October
1995. The sampler had been in use for approximately 170 hours. The ball valve consists
of a CF3M cast 316L stainless steel housing, a 316L stainless steel ball, and a Teflon seat.
The piping components are constructed of 316L stainless steel. The sampler assembly 1s
constructed of alloy C-276. Figure 24a shows an overall view of the sampler system.

Results and Conclusions:

The sampler ball valve and sampler needle valve were disassembled and visually
inspected (Figures 24b and 24c). There were no signs of appreciable wear or corrosion in
the ball valve or sample valve. Original machining marks were visible. No polished
areas which might indicate abnormal wear were observed. Minimal scoring of the
outside of the stainless steel ball was observed which is most likely due to a small amount
of frit between the ball and the Teflon seat. These results are consistent with erosion
testing performed by DWPT personnel on stainless steel valves in simulated feed slurry.
The results of this testing indicated that the stainless steel valves withstand extended
periods of simulated operation with an abrasive fluid without appreciable wear [3].

Slight mechanical damage was observed on the sample needle valve, however, the
damage is located below the seat of the valve and is not expected to affect the valve
performance. No localized corrosion was observed in the piping connections or mating
surfaces. Staining was observed on the surfaces of the sample lifting mechanism below
the sampler valve due to splatter from the sampling operation. No significant general or
localized corrosion was observed on these surfaces. However, steps should be taken to
minimize splatter and spills that occur during the sampling operation to minimize
corrosion that may occur on the 304L stainless steel and alloy C-276 parts.
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3.14.2 Analytical Shielded Cells - Reported by G. T. Chandler

The shielded cells of the DWPF Analytical Laboratory are constructed of type 304L
stainless steel with a splash wall constructed of alloy C-276 (~ 2 feet in height) along the
base of the cell walls. The exhaust ducts for the shielded cells are constructed of 12"
diameter schedule 40 304L stainless steel surrounded by concrete. The exhaust duct
openings are located at the bottom of the back wall of each cell. A picture of the bottom
portion of one of the shielded cells is shown in Figure 25.

Corrosion of the cells and exhaust ducts are a concern due to the chemical operations that
are performed in the cells. Pitting corrosion has been observed on the 304L stainless
steel chemical hoods in the DWPF analytical laboratory due to contact with hydrochloric
and nitric acid vapors {4]. Some of the major chemicals that are used in the analytical
cells include: aqua regia (mixture of nitric and hydrochloric acid), hydrochloric acid,
hydrofluoric acid, nitric acid, and sulfuric acid. 304L stainless steel does not have good
corrosion resistance when in contact with these solutions or vapors from these solutions.
Alloy C-276 has good corrosion resistance when exposed to these solutions.

Results and Conclusions:

A corrosion coupon study and video inspection was performed in the shieided cells
during DWPF waste qualification runs to determine the effect of the analytical operations
on the materials of construction. A video inspection was performed by SSQ personnel on
approximately 10 feet of the exhaust ducts of DWPF Analytical cells #1 and #2 on
January 7, 1994 and September 11, 1995. Both inspections revealed no indications of
significant degradation of the 304L exhaust ducts. However, the second video inspection
revealed that a small amount of dried sludge or process solution had entered the exhaust
duct through the inlet located at the bottom of the back wall of cell #1. Steps should be
taken to minimize the amount of chemicals or process solutions that are introduced into
the exhaust ducts.

Corrosion coupons were used to determine a corrosion rate for the analytical cell
materials of construction when exposed to exhaust fumes from normal chemical
operations. Alloy C-276 and 304L coupons were placed in the analytical exhaust ducts
directly behind the grating of each inlet on May 16, 1994. On September 11, 1995 the
corrosion coupons were removed and examined in accordance with ASTM Standard Gl
[5]. Typical chemical operations were performed during most of this time period that
should be expected during normal operation of the DWPF.

Visual examinations and weight change determinations were performed on the coupons
in accordance with ASTM Standard G1. The coupons were cleaned with soap and water
after being removed from the cells. The examination of the corrosion coupons from the
cells revealed no evidence of significant corrosion. Table V shows the weight losses of
the corrosion coupons after 16 months of exposure in the exhaust ducts. As shown little
or no weight loss was observed in all of the coupons studied.
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There is concern that chemical fumes may condense further downstream in the duct work.
However, the combined exhaust flows of the cells downstream should aid in diluting the
concentration of fumes. In addition, DWPF Analytical personnel have developed
procedures to minimize the exposure of fumes to the cell atmosphere during analytical
tests.

3.14.3 Erosion of Hydragard Sample Inlet - Reported by J. T. Gee

In each sample loop, the sample required for analytical testing is pulled from a
recirculating loop into the Hydragard Sampler. The sample entry point is similar to a
needle valve restriction. SRTC personnel were concerned about erosion of the “sample
inlet” where the liquid sample (i.e. containing glass frit) enters the Hydragard Sampler.
Any significant wear at this critical inlet point as result of erosion could conceivably
impact the characteristics of the material entering the sample line. It was feared that if this
occurred the sample may not be truly representative of the tank contents. Since the
chemical analysis of the process streams is very critical for ensuring glass chemistry,
anything that impacted the reliability of the sample quality could not be tolerated.

The Hydragard sample inlet points for the SME and MFT sample loops were
radiographed before (baseline) and after cold chemical runs to monitor degradation.
Special precautions were used to ensure that the radiographs performed after cold
chemical runs were shot as close as possible to the baseline radiographs.

Results and Conclusions:

Radiographs for the Hydragard sample inlet points (two comparisons for the SME and
MFT sample inlet points) were evaluated by Mr. Jim Dickinson of A&IQ NDE. He is a
level III radiography inspector and is considered a site expert in radiograph interpretation.
It was his conclusion that there was no discernible differences between the two sets of
radiographs and therefore no wear had occurred (Reference: Appendix 2, NDE “Quality
Control Condition Report for CPC,” AID-QCM-950-127).

Based on Mr. Dickinson’s review of the noted radiographs, it was concluded that there
was no evidence of erosion of the Hydragard sampler inlet points in the SME and MFT
sample loops that would suggest degradation of sample quality as a result of wear.
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Table V. Corrosion Coupon Data from DWPF Analytical Cell Exhaust Ducts
after 16 Months of Exposure

ANALYTICAL CELL #1:
Center Hole | Upper Hole | Initial |Weight After| Weight
Length Width |Thickness| Diameter | Diameter | Weight Cleaning Loss
Coupon ID {in.) {in.) (in.) (in.) {in.) (g) {(9) (g)
HC276W-01 1.9930 1.0060 0.1180 0.3740 0.1280 31.3259 31.3266 -0.0007
304L-11 2.0075 0.7670 0.1140 0.3725 X 20.5834 20.5835 -0.0001
304L-15 2.0135 0.7550 0.1135 0.3745 X 20.4193 20.4189 0.0004
HC276W-17| 1.9950 1.0065 0.1185 0.3720 0.1210 31.7184 31.7183 0.0001
ANALYTICAL CELL #2:
Center Hole | Upper Hole | Initial |Weight After| Weight
Length Width | Thickness| Diameter Diameter Weight Cleaning Loss
CouponiD {in.) {in.) {in.) {in.) {in.) (g} {g) (9)
HC276-05 1.9990 1.0085 0.1185 0.3735 0.1215 31.8354 31.8359 -0.0005
HC276-03 2.0000 1.0060 0.1170 0.3750 0.1210 31.4222 31.4220 0.0002
304L-18 2.0270 0.7625 0.1140 0.3745 X 20.6055 20.6059 -0.0004
304L-13 2.0125 0.7550 01125 0.3745 X 20.3531 20.3535 -0.0004
ANALYTICAL CELL #3 rack #1:
Center Hole | Upper Hole{ Initial [Weight After| Weight
Length Width |Thickness| Diameter | Diameter | Weight Cleaning Loss
Coupon ID (in.) (in.) (in.} (in.) (in.) {g) {q) {9)
HC276W-02] 1.8945 1.0090 0.1175 0.3725 0.1205 31.6521 31.6524 -0.0003
HC276W-19{ 2.0015 1.0025 0.1170 0.3740 0.1210 31.3301 31.3304 -0.0003
304L-12 2.0325 0.7660 0.1140 0.3745 X 20.9257 20,9262 -0.0005
304L-16 2.0210 0.7640 0.1140 0.3745 X 20.7530 20.7529 0.0001
ANALYTICAL CELL #3 rack #2:
: Center Hole | Upper Hole | Initial [Weight After| Weight
Length Width |[Thickness| Diameter | Diameter | Weight Cleaning Loss
Coupon ID (in.) {in.) (in.} {in.) (in.) () {g) (9)
HC276W-20| 1.9975 1.0040 0.1200 0.3740 0.1200 32.0193 | Not recoverd -
HC276W-04| 1.9980 1.0025 0.1165 0.3750 0.1215 31.5367 |Not recoverd -
304L-14 2.0145 0.7535 0.1150 0.3735 X 20.3561 |Not recoverd -
304L-17 2.0180 0.7635 0.1135 0.3785 X 20.6775 |Not recoverd -
ANALYTICAL CELL #4:
Center Hole | Upper Hole | Initial |Weight After| Weight
Length Width |Thickness| Diameter | Diameter | Weight Cleaning Loss
Coupon ID (in.) (in.) {in.) (in.) (in.) (g) {9) (9 |
HC276W-16| 2.0010 1.0050 0.1180 0.3780 0.1205 31.8877 31.8875 |- 0.0002
HC276W-17| 2.0010 1.0085 0.1180 0.3775 0.1285 31.8869 31.8869 0.0000
304L-8 2.0110 0.7750 0.1135 0.3725 X 20.5688 20.5687 0.0001
304L-10 2.0205 0.7590 0.1125 0.3785 X 20.5215 20.52186 -0.0001
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DWPF ANALYTICAL

SME HYDRAGARD SAMPLER

10/10595

Figure 24a. Overall view of DWPF Analytical SME Hydragard Sampler
{Negative # WSRC-FM-96-0067-47).
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DWPF AN
< ALYTICA
ME HYDRAGARD SAMLPLER

10/10/95

Figure 24b. Disassembled DWPF Analytical SME Hydragard Sampler Ball Valve
(Negative # WSRC-FM-96-0067-24).
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Figure 24¢. Disassembled DWPF Analytical SME Hydragard Sampler Needle Valve
(Negative # WSRC-FM-96-0067-27).
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Figure 25. Picture of One of the Bottom Portions of the Shielded Cells.
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3.15 Galvanic Couplings
3.15.1 General / Impact on Process Jumpers- Reported by W. L. Daugherty

Galvanic corrosion is the corrosive attack of one metal in electrical contact with a
dissimilar metal in the presence of an electrolyte. The less noble of the two metals is
preferentially attacked at a rate in proportion to the difference in electromotive force
between the two metals. Since the electromotive force exhibited by a metal can vary
depending on the solution it is in, galvanic corrosion is also dependent on the
environmental conditions. In DWPF, a number of galvanic couples exist between
Hastelloy C-276 and 304/316 stainless steel. The Metals Handbook (9th Ed., ASM,
1987, Vol 13, p. 235) gives the galvanic series for a number of alloys in seawater. In this
series, Hastelloy C (similar to C-276) has a potential approximately 0.1 volts higher
(more noble) than passivated 304/316 stainless steel. (If not passivated, the stainless steel
potential drops to 0.4 - 0.5 volts below that of Hastelloy C.)

The following locations are typical of galvanic couples in the SPC and CPC.

- The jumper carrying slurry from the PRET to the PR is 304L, while the PR and PRFT

are both C-276.

- Vent lines from the PRCD, OECD, PRFT and OECT are 304L, while these tanks are C-
276.

- Process water and steam lines are 304L, while the coils in the various tanks they attach
to are C-276.

- Condensate from the MWWT is transferred to the C-276 SRAT in a 304L jumper.

- Various jumpers between the SMECT and other tanks involve 316L / C-276 couples.

In each of these areas, the chemistry is relatively mild (i.e. neither the stainless steel nor
C-276 should experience significant corrosion rates.

A number of corrosion tests were performed on candidate materials for DWPF vessels by
the DuPont Engineering Test Center (OPS-WMQ-89-0059, "DWPF Corrosion Report”,
M. K. Carlson, June 1989). Tests in one solution included galvanic couples between C-
276 and 304L stainless steel, as well as tests on 304L coupons. These tests give a direct
comparison to show whether being coupled to C-276 resuited in an increased corrosion
rate of 304L (i.e. whether any galvanic corrosion occurred). These data are summarized

in the following table.
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Table VI. Summary of galvanic corrosion data

Test Solution 3B-2 Temp. Corrosion
(off-gas condensatie) (°C) Test Coupon Test Results *
0.25 wt% CI-, 0.03 wt% F-, 90 304L with weld bead 11 mpy

0.003 wt% I, 0.08 wi% SO4-2, 60 304L with weld bead 22 mpy

0.1 wi% NO3-, 0.1 wi% Hg 40 304L with weld bead 11 mpy
{(pH=2.2) 90 304L / C-276 couple 21 - 32 mpy

* mpy - mil/year general corrosion rate. All of these corrosion coupons experienced pitting, weld metal
attack, end grain attack, and non-uniform general corrosion. In addition, the gaivanic couple
experienced crevice corrosion.

Results and Conclusions:

In the Table VI data, the corrosion rates are somewhat higher for the galvanic couple than
for the 304L coupons. However, the fluctuation in corrosion rate with temperature for the
304L coupons suggests some variability in the data. The galvanic couples listed above in
the SPC and CPC are exposed to process streams less aggressive than that listed in Table

VI. The Cl-, F-, S04-2 and Hg concentrations of test solution 3B-2 are all conservative
compared to those contacting the galvanic couples. The magnitude of 304L corrosion
rates reported for test solution 3B-2 indicates the protective oxide layer has been
removed. In contrast, corrosion data for 304L in less aggressive solutions (such as ETC
solution 3C-1 representing the OECT chemistry) shows much lower corrosion rates (~0.1
mil/yr) [WSRC-TR-95-0385, "Evaluation of Potential for Materials Degradation of
DWPF Safety Class and Safety Significant Components”, W. L. Daugherty, Sept. 1995,
Appendix 7] and indicates the protective oxide layer remains intact. Therefore, in more
realistic solution chemistries, the oxide layer remains intact, and the electromotive force
is about 0.1 volt (in favor of C-276) rather than about 0.4 - 0.5 volt. Therefore, a galvanic
effect of the magnitude observed in test solution 3B-2 is not expected in the galvanic
couples in the SPC and CPC.

Based on the above data, galvanic corrosion is not considered significant for the C-276/
304L and C-276 / 316L couples in the SPC and CPC. It is also noted that some of the
galvanic couples are further protected by isolation from the process chemistry (for
example, the steam coils transition from 304L. to C-276 outside the process tanks).
Bounding corrosion rates developed for the SPC and CPC tanks in WSRC-TR-95-0385
were generally < 1 mil per year. The presence of galvanic couples should not
significantly affect this bounding corrosion rate.

3.15.2 Analytical Sample Cells Galvanic Couplings - Reported by J. T. Gee
As noted in discussions on permanent sample lines, most of the sample lines going to the

analytical sample cell are fabricated from a nickel based C-276 alloy. As these lines enter
the analytical sample cell, the piping is changed to 304L stainless steel. Since this
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combination of alloys creates a galvanic couple as was discussed in section 3.15.1, there
was some concern about this interface for each of the liquid sample stations. If corrosion
did occur, it would be in the form of localized corrosion in areas where the protective
oxide layer was removed from the stainless steel. To determine if this had occurred,
A&1Q NDE performed UT testing on the respective interfaces for the PR, SRAT, SME
and OGCT lines (i.e. two lines at each station for sample and return). The UT test results

are documented in NDE inspection report 95-IR-06-UT-1049, which is contained in “FA-

04 Materials Evaluation / Field Reports” (WSRC-TR-96-0197).

Results and Conclusions:

None of the galvanic couple interfaces examined showed evidence of significant localized

corrosion over the period of cold run testing. This data suggests that given the process

chemistry (Table VII) experienced in cold run testing, the stainless steel alloy will remain

passive (i.e. protective oxide layer) and not corrode.
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3.16 Evaluation of Corrosion Coupon Racks - Reported by G. T. Chandler

SUMMARY

Corrosion coupons were examined after approximately 12 months of exposure during
waste qualification and mercury runs in the Defense Waste Processing Facility (DWPF)
Precipitate Reactor (PR) Tank, Sludge Receipt and Adjustment Tank (SRAT), and Off
Gas Condensate Tank. The corrosion coupon racks contained coupons of alloy C-276, the
material of construction for the major feed processing vessels, and various candidate
replacement materials, such as, Hastelloy C-22, Hastelloy G-30, Inconnel 625, and
Stellite 6. Flat (autogenously welded and unwelded) with crevice washers, galvanically
coupled, and U-bend coupons were examined from the liquid and vapor space regions of
each tank. No significant general corrosion, localized corrosion, or stress corrosion
cracking was observed in any of the coupons. These results are consistent with results
obtained from the examination of corrosion coupons from the Integrated DWPF Melter
System (IDMS).

BACKGROUND

The major process vessels for the DWPF are constructed of a nickel base alloy, Hastelloy
C-276. This alloy was selected based on corrosion studies performed by Bickford, et al.
in 1984 [6]. AISI Type 304L and 316L stainless steel and Alloy 20 were determined to
be unacceptable for processing solutions derived from sludge due to the combined effects
of elevated temperatures and concentration of corrosive species such as halides and
mercury.

A corrosion coupon evaluation program was performed in the DWPF to provide
additional information on the suitability of the materials of construction and various
candidate alternative materials for the process vessels. Corrosion coupon racks were
fabricated by Metal Samples, Inc. and installed in the vapor and liquid regions of three
selected DWPF feed process tanks: the Precipitate Reactor (PR) Tank, the Sludge Receipt
and Adjustment Tank (SRAT), and the Off Gas Condensate Tank (OGCT). Flat
(autogenously welded and unwelded) with Teflon crevice washers, galvanically coupled,
and U-bend coupons were used. A picture of the coupon rack taken from the SRAT
vapor space is shown in Figure 26. The coupon racks were attached to the dip tubes of
the sample pumps in the various tanks. Table VIII shows the heat analyses of the
materials tested in this program. '

The corrosion coupons were examined in accordance with ASTM Standard G1 [7].
Weight and dimensional measurements were performed on the corrosion coupons prior to
placement in the various tanks. The corrosion coupons were exposed to simulated
process solutions for a cumulative operating time of approximately 12-18 months during
the DWPF waste qualification, and mercury runs from 1994 to Fall of 1995.
Compositions of process solutions for the various tanks during these runs are presented in
Table VII. As part of this investigation all coupons were photographed before and after
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cleaning. In most cases the use of a soft brush with light pressure and mild soap mixed
with domestic water was sufficient to remove any deposits. Coupon evaluation included
visual and microscopic examinations and weight and dimensional change measurements.
Visual and microscopic examinations of the coupons included inspection of the faces and
edges of the coupons, areas beneath crevice washers, fusion and heat affected zones of
welded samples, and high stress areas of U-bend samples.

Corrosion rates were determined from weight change measurements according to ASTM
Standard G1 and are based on a minimum exposure of 12 months. The following
equation was used to determine the corrosion rate:

Corrosionrate = (K x W)/ (Ax T x D)

where: K = constant (8.76 x 10’ for micrometers per year (um/y) or 3.45 x 10° for mils
per year (mpy))

T = time of exposure in hours

A = arcaincm’

W = masslossing

D = density in g/cm’ (from ASTM G1)

VISUAL OBSERVATIONS AND TEST RESULTS

Precipitate Reactor (PR) Tank

Both vapor and liquid space coupons were covered with a thin brown layer after being
removed {from the PR vessel after approximately 12-18 months cumulative exposure.
The layer was easily removed from most of the coupons during cleaning, however, a
heavy stain remained on some of the coupons from the liquid region. A picture of the PR
tank coupons after cleaning is shown in Figures 27a and 27b. The examination of the
corrosion coupons from the PR tank revealed no evidence of significant general
corrosion, localized corrosion, galvanic corrosion, or stress corrosion cracking. The
weight losses and corrosion rates based on 12 months of exposure for the PR tank
coupons in the vapor and liquid space are shown in Tables IX and X. The maximum
corrosion rate measured for the material of construction for the PR tank, alloy C-276, is
0.6 micrometers per year {(m/y) or 0.02 mils per year (mpy) in the liquid region of the
tank. The corrosion rates for alloy C-276 in the vapor region were < 0.2 pm/y (< 0.01
mpy). The alternate materials had similar corrosion rates in the vapor region and had
slight weight gains in the liquid region due to staining.

Sludge Receipt and Adjustment Tank (SRAT)

Both vapor and liquid region coupons were covered with a thin brown layer of dried
sludge after being removed from the SRAT on 9/8/95 after approximately 12-18 months
process exposure. The layer was easily removed from the liquid space coupons during
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cleaning, however, a stain remained on the vapor space coupons after cleaning. A picture
of the SRAT coupons before cleaning is shown in Figures 28a and 28b. The examination
of the corrosion coupons from the SRAT revealed no evidence of significant general
corrosion, localized corrosion, galvanic corrosion, or stress corrosion cracking. The
weight losses and corrosion rates based on 12 months of exposure for the SRAT coupons
in the vapor and liquid space are shown in Tables XI and XII. The maximum measured
corrosion rate for the SRAT material of construction, alloy C-276, exposed to liquid was
0.4 um/y (0.02 mpy). The alternate materials had similar corrosion rates in the liquid
region. Slight weight gains were measured for all coupons exposed to the vapor region of
the SRAT.

Off Gas Condensate Tank (OGCT)

The corrosion coupons were removed from the OGCT on 10/23/95 after approximately
12-18 months of process exposure. The liquid space coupons were covered with a thin
brown layer which was easily removed during cleaning. Most of the vapor space coupons
did not have a coating after being removed and required very little cleaning. A picture of
the OGCT coupons after cleaning is shown in Figures.29a and 29b. The examination of
the corrosion coupons from the OGCT revealed no evidence of significant general
corrosion, localized corrosion, galvanic corrosion, oOr stress corrosion cracking. The
weight losses and corrosion rates based on 12 months of exposure for the OGCT coupons
in the vapor and liquid space are shown in Tables XIII and XIV. The maximum measured
corrosion rate for the OGCT material of construction, alloy C-276, exposed to vapor was
0.04 pm/y (0.002 mpy). Slight weight gains were observed in coupons from the liquid
region. The alternate materials had similar corrosion rates in both liquid and vapor
regions.

DISCUSSION AND CONCLUSIONS

Based on the results of the DWPF corrosion coupon study, the material of construction
for the major process vessels, alloy C-276, is expected to perform satisfactorily. Similar
results were obtained during the examination of corrosion coupons removed from the
Integrated DWPF Melter System (IDMS) [8]. Very little degradation was observed in
alloy C-276 and alternate materials in the vapor and liquid regions of the IDMS Sludge
Receipt and Adjustment Tank / Slurry Mix Evaporator (SRAT/SME), the Mercury Water
Wash Tank (MWWT), the Melter Feed Tank (MFT), the Off Gas Condensate Tank
(OGCT) after exposure to simulated waste solutions from 1989-1993 (represents
approximately 4 months of process exposure).

No significant increase in corrosion was observed in alloy C-276 or Stellite-6 due to
galvanic coupling in the coupon study of the DWPF PR or SRAT. Therefore, galvanic
corrosion should not be a concern with Stellite coated alloy C-276 agitator blades in the
major process vessels. This result is consistent with galvanic corrosion studies performed
on alloy C-276 and Stellite-6B in simulated high level waste sludge at 95 °C [9].
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Figure 26. Corrosion coupon rack from the SRAT vapor space.
(Negative # WSRC-FM-96-0067-15)
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Figure 27a. PR tank vapor space corrosion coupons after cleaning.
{Negative # WSRC-FM-96-303-7)
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27b. PR tank liquid space corrosion coupons after cleaning.
(Negative # WSRC-FM-96-0303-26)

Figure
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10113195

DWPF SRAT Corrosion Coupons

Vapor Space Coupons

Figure 28a. SRAT vapor space corrosion coupons before cleaning.
(Negatve # WSRC-FM-96-0067-04)
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DWPF SRAT Corrosion Coupons
Liguid Space Coupons

C276W C276/ST6

Figure 28b. SRAT liquid space corrosion coupons after cleaning.
(Negative # WSRC-FM-96-0067-07)
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11/01/95

DWPF OGCT Corrosion Coupons

Vapor Space Coupons
I
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o

Figure 29a. OGCT vapor space COITOSion coupons after cleaning.
(Negative # WSRC-FM-96-372-11)
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+

Figure 29b. OGCT liquid space corrosion coupons after cleaning.
(Negative # WSRC-FM-96-372-16)
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DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION 0

317 Comparison of Process Chemistry to that Used in Coupon Testing to Define
Materials of Construction / Corrosion Estimates for Fabricated Equipment
- Reported by W. L. Daugherty

The potential for degradation of the DWPF process tanks in the SPC and CPC was
evaluated in Appendix 7 to WSRC-TR-95-0385 ("Evaluation of Potential for Materials
Degradation of DWPF Safety Class and Safety Significant Components”, W. L.
Daugherty, Sept. 1995). In this report, the chemical composition of each tank was
estimated from a material balance for the DWPF startup with Batch 1 sludge. This
chemistry was in turn compared to various test solutions for which corrosion data was
available in order to estimate corrosion rates and the susceptibility to various forms of
localized attack. Subsequently, chemical analyses of various tank contents have been
compiled, profiling the actual chemistry in the tanks for a number of batch compositions.
These chemical analysis results have been reviewed to check that the previous results and
conclusions of WSRC-TR-95-0385 remain valid.

The test solutions from which corrosion rate estimates were obtained do not represent a
perfect match with the actual tank chemistry. In fact, due to changes over time in the
process chemistry, the closest match to the actual chemistry of some tanks is provided
from test solutions that were originally intended to simulate other tank conditions. These
existing data were utilized to the extent practical.

The actual process chemistry was measured for a number of tanks for batches 1 through
27. Note that there were 27 PR batches of SPC product (i.e. PR batches) and 16 CPC
batches (i.e. SRAT, SME, MFT). Of these data, those for batches 2-6 and 15-16 are
considered the best match for typical DWPF production runs. Table XV summarizes the
comparison between the actual process chemistry and that of the test solutions from
which the corrosion rates were estimated for these typical batches. The remaining
batches incorporated variations in chemistry to simulate extremes in feed composition.
Table X VI compares the range of actual process chemistry for all batches to that of the
test solutions. In several tanks, the process chemistry changes significantly as a batch of
material is processed. In these cases, both the input and output solution chemistries are
considered. If the test solution chemistry bounds the actual chemistry for both input and
output solutions, then it conservatively estimates the actual corrosion rates. For tanks in
which no significant change in solution chemistry occurs, both input and output streams
are assumed to have the same chemistry. (More complete chemistry data on feed, product,
and waste streams collected in the test program is contained in the “FA-04 Materials
Evaluation / Field Reports” document, WSRC-TR-96-0197.)

In many cases, the quantity of ionic species in the test solutions exceeds that measured in
the various samples; and in several cases it does not. It is primarily these cases in which
the actual chemistry is not bounded by the test solutions that are evaluated to validate the
conservatism of the corrosion rate estimates. An additional source of conservatism in
some of the corrosion rate estimates is the fact that the measured corrosion rates were
generally rounded up to a greater value to obtain a bounding corrosion rate. The test data
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indicate corrosion rates of less than | mil/yr for most test solutions; in these cases the
corrosion rate was rounded up to a bounding rate of | mil/yr. Table XVII summarizes the
actual corrosion rates measured in the test solutions and the bounding corrosion rates that
were assigned for analysis purposes.

The process chemistry in a given tank changes with time. For example, the SRAT
receives the PR product and sludge from the LPPP. Formic acid is also added to the
SRAT. The final SRAT product has a different chemistry from that of the inputs.
Therefore, the SRAT must be evaluated for compatibility with each of these process
streams. In previous estimates of corrosion rates for each tank, only that chemistry stage
that was judged most severe was considered for each tank. Tables XV and XVI provide a
more complete listing of the process streams. In situations where the measured ionic
concentration exceeds that of the test solution used to estimate a corrosion rate, the
measured concentrations are printed with boldface type. It is these situations that are
evaluated to determine whether the estimated corrosion rates are valid. Any measured
concentration that was reported as "< x" (where x is the sensitivity of the measurement
and varies from one measurement to another) is treated as a concentration of essentially
Zero.

Results and Conclusions:

For the PRFT, no test solution provided a close match to the estimated chemistry,
primarily due to the high pH. Corrosion concerns for stainless steel and C276 (the
materials of construction for the tanks and jumpers) at high pH levels are minimal.
Accordingly, a bounding corrosion rate of 1 mil/yr was used. The measured chemistry for
the PRFT is not considered severe, and a corrosion rate of 1 mil/yr is still considered
valid.

For the PR, OGCT, and SMECT the measured chemistry is generally bounded by that of
the test solution. The nitrate level in the PR feed exceeds that of the test solution, but this
difference is not significant considering that the test solution had higher sulfate and
chloride levels. Also note that the PR feed has a much higher pH than the test solution.
The OGCT measured chemistry is completely bounded by the test solution. The
bounding corrosion rates of 1 mil/yr for the PR and OGCT are considered valid. The
SMECT chemistry is bounded by the test solution except for the nitrate level of 1 batch.
Since the test solution had a lower pH, and most batches are bounded by the test solution,
the bounding corrosion rate of 1 - 5 mil/yr is considered valid. The upper end of this
range (5 mil/yr) was established based on greatly increased corrosion rates (plus pitting
and crevice corrosion) that were observed in a more severe test solution. With the
measured SMECT chemistry now confirming the accuracy of the calculated chemistry,
this more severe test solution is considered overly conservative, and a bounding corrosion
rate of 1 mil/yr should be used.

The SRAT, SME and MFT were found to contain greater quantities of nitrite, sulfate and
formate than were in the test solution. The sludge input to the SRAT also contained a
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greater amount of fluoride. On the other hand, the test solution for each of these three
tanks contained a much higher level of nitrate and a lower pH. Higher levels of sulfate
and formate were shown to not produce excessive corrosion rates in the test solution for
the OGCT and PR, respectively. And the higher fluoride levels in the sludge are offset by
lower chiorides - the total halide content is bounded by the test solution. Since the actual
corrosion rate in the test solution was only 0.01 mil/yr, a bounding corrosion rate of 1
mil/yr is still considered reasonable for the SRAT, SME and MFT.

Another source of data validating the estimated corrosion rates is the tank wall thickness
measurements taken under the FA-04 program. These measurements showed no
significant wall thinning, within measurement uncertainty levels. Therefore, even in
cases where the test solutions used to estimate corrosion rates did not quite match the
actual chemistry, or where the concentration of some of the chemical species (such as
mercury) was not measured, this evidence indicates that these differences are not a source
of significant impact to the estimated corrosion rates.
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Table XV. DWPF process chemistry comparison for "typical” batches (Concentrations are ppm.)

PRFT {output) “ {input) PR (output) OGCT {input/output)
Calculated / PR Feed PR Feed Calculated / PR Product  [[Calculated / OGCT
Test Sol'n Measured Measured Test Sol'n Measured Test Sol'n Measured
Chemistry Chemistry Chemistry Chemistry Chemistry Chemisiry Chemistry.
Temnp. (C) || 40/NA 100/90 50/101
pH 12/ NA 88-91 8.8-9.1 2/1.8 Not 2/32 2-6.5
NO3- 10/ NA NA NA 5 /5000 available. [1230 /71000 <99 - 172
NO2- 4000/ NA 406 - 407 406 - 407 0/0 SeeTable2 || 5/0 <10 - <99
504(-2} 500/ NA 131 -157 131 -157 170/ 700 for 60 /800 <10 - <89
COOH- 0/ NA NA NA 21950/ 10**5 chemistry 0/0 NA
PO4(-3) 1/ NA NA NA 170 of other 0/0 NA
F- 0/NA <96 <96 17100 {non-typ.) 5 /3000 <10 - <99
Cl- 10/ NA 139 - 140 139 - 140 51450 batches. 51726200 <10 - <99
Cu(+2) 0/NA NA NA 960 / 2000 0/ NA
Hg{+2) 560 / NA (Hg) 350 /1250 (Hg) 160 / 73800 (most Hg)
(input) {(input) SRAT (output) SMECT (input/output)
PR Product Sludge Calculated / SRAT Product  [|Calculated / SMECT
Measurad Measured Test Sol'n Measfired Test Sol'n Measured
Chemistry Chemistry Chemistry Chemistry Chemistry Chemistry
Temp. (C} 100/ 100 50 /70
pH Not 67-8.8 3/4 59-94 1/1 NA
NO3- available. 126 - 804 27460 / 46500 104 - 403 3600/ 1400 1230 - 3190
NQO2- Seo Table 2 (<97 - 494 0/10 <11 -122 0/0 <96
S04{-2) for 781 -977 1420/ 167 108 - 994 0/40 <96
COOH- chemistry 279 - 591 22920/ 1 129 - 311 0/ 2400 NA
PO4(-3} of other NA 10/1 <11 - <89 0/0 NA
F- (non-typ.) <97 - 165 40/133 <11 - <99 0/0 <96
Cl- batches. 104 - 160 50/1014 105 - 673 0/80 <96
Cu{+2) NA 1440/0 NA 0/0 NA
Hg(+2} 690/0 (Hg) 280/ trace (Hg) NA
(input} SME {output) (input} MFT {output)
SRAT Product |Calculated / SME Product SME Product [Calculated / MFT Product
Measured Tast Sol'n Measured Measured Test Sol'n Measured
Chemistry Chemistry Chemnistry Chemistry Chemistry Chemistry
Temp. (C) 100/100 507100
pH 5.9-9.4 7/4 5.1-86 5.1 - 8.6 7/4 56-74
NO3- 104 - 403 21290/ 46500 177 - 409 177 - 409 20990 / 46500 285 - 348
NO2- <11-122 0/10 <75 - <98 <75 - <98 0/10 NA
S504(-2) 108 - 994 1100 /167 111 - 951 111 - 951 480 /167 122 - 987
COQH- 129-311 17330/ 1 187 - 455 187 - 455 19720/ 1 218-323
PO4{-3} <11 - <98 10/1 <75 - <98 <75 - <98 10/1 NA
F- <11 - <99 30/133 <75 - <98 <75 - <98 30/133 <43 - <97
Cl- 105 - 673 40/1014 104 - 295 104 - 295 30/1014 122 - 975
Cui{+2) NA 1120/0 NA NA 1070/ 0 NA
Hg{+2) 430/ 0 (Hog) 400/ 0 {Hg)

107




DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION 0

Table XVI. DWPF process chemistry comparison for all batches (Concentrations are ppm.)

PRFT {output) (input) PR {output) " OGCT (input/output)
Calcuiated / PR Feed PR Feed Calculated / PR Product ||Calculated / OGCT
Test Sol'n Measured Measured Test Sol'n Measured Test Sol'n Measured
Chemistry Chemistry Chemistry Chemistry Chemistry Chemistry Chamistry
Temp. (C) {| 40/NA 100/ 90 50/101
pH 12 /NA 83-9.8 8.3-9.8 2/1.8 NA 2/3.2 1.6-6.5
NO3- 10/ NA NA NA 5/5000 101 - 993 23071000 <89 - 201
NO2- 4000 / NA <91 - 422 <91 - 422 0/0 <10 - <98 5/0 <10 - <99
504(-2) 500 / NA <11 -181 <11 - 181 170/ 700 <10 -190 60 /800 <10 - <99
COOH- 0/NA NA NA 21950/10™5 |[NA Q/0 NA
PO4{-3} 1/NA NA NA 1/0 NA c/0 NA
F- 0/ NA <10 - <98 <10 - <88 1/100 <10 - <98 5/3000 <10 - <99
Cl- 10/ NA <91 -153 <91-153 57450 <10-107 5/26200 <10-117
Cu(+2) 0/NA NA NA 860/ 2000 NA 0/0 NA
Hg(+2) 560 / NA (Hg) 350/ 1250 (Hg) 160 / 73800 (most Hg)
(input) (input) SRAT {output) SMECT (input/output)
PR Praduct Sludge Calculated / SRAT. Product Calculated / SMECT
Measured Measured Test Soin Measured Test Sol'n Measured
Chemistry Chemistry Chemistry Chemistry Chemistry Chemistry
Temp. (C) 100 /100 50/70
pH NA 6.7-10.4 3/4 45-94 1/1 18-19
NO3- 101 - 993 103 - 935 27460 / 46500 104 - 527 3600 / 1400 111 -3190
NO2- <10-<398 <97 - 992 0/10 <i1-907 ¢/0 <10 - <99
S04(-2) <10-190 <6 - 977 14207167 108 - 994 0/40 <10 - <99
COOH- NA 279 -790 22920/1 129 - 427 0/2400 NA
PO4(-3) {[NA NA 10/1 <11 - <99 0/0 NA
F- <10 - <98 <12 - 165 40/133 <10 - <99 0/0 <10 - <99
Cl- <10-107 104 - 708 50/1014 105 - 848 0/80 <10 - <99
Cu(+2) NA NA 1440/0 NA 0/0 NA
Hg{+2) 680/ 0 (Hg) 280/ trace (Hg) NA
{input) SME {output) || (input) MFT {output)
SRAT Product |Calculated / SME Product SME Product |Calculated / MFT Product
Measured Test Sol'n Measured Measured Test Sol'n Measured
Chemistry Chemistry Chemistry Chernistry Chemistry Chemistry
Temp. (C) 100/ 100 507100
pH 4.5-9.4 7/4 44-86 4.4 - 8.6 7/4 38-7.4
NQO3- 104 - 527 21290 / 46500 177 - 480 177 - 480 20990 / 46500 245G - 422
NQ2- <11 - 907 0/10 <75-245 <75 - 245 0/10¢ NA
504(-2) 108 - 994 1100/ 167 <92 - 951 <32 - 951 480/ 167 103 - 987
COOH- 129 - 427 17330/1 187 - 500 187 - 500 19720/ 1 218 - 40
PO4(-3) <11 - <99 10/1 <75 - <98 <75 - <98 10/1 NA
F- <10 - <99 30/133 <75 - <98 <75 - <98 30/133 <10 - «97
Cl- 105 - B48 40/1014 104 - 999 104 - 999 3071014 110-975
Cu(+2) NA 1120/0 NA NA 1070/0 NA
Hg(+2) 430/ 0 (Ha) 400/ 0 (Hg)
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Table XVII. DWPF process tank corrosion rates

Bounding Corrosion Rate for Analysis
Previously Recommended by
Tank Corrosion Rate from Test Data Reported this Report
PRFT No applicable test data available 1 mil/yr 1 mil/yr
PR 0.8 - 0.9 milfyr 1 mil/yr 1 milfyr
SRAT 0.01 mil/yr 1 milfyr 1 mil/yr
SME 0.01 mil/yr 1 mil/yr 1 milfyr
MFT 0.01 mil/yr [ miifyr 1 milfyr
SMECT 0.05 mil/yr, 1 -5 milfyr 1 milfyr
10 mil/yr for more severe test
(2500 ppm Cl-, etc.)
OGCT 0.02 mil/yr 1 mil/yr | mil/yr

3.18 Predicted Equipment Life - Reported by J. T. Gee

Life expectancies of critical process equipment were estimated during the FA-04
materials evaluation program. While summaries of the projected equipment lives are
included in the Field Completion Reports for FA-04.02 and FA-04.03, it was thought
worthwhile to provide copies in the main portion of the report. Complete details are
provided in Appendix 1. Predicted equipment life estimates are provided in Tables XVIII
and XIX for the CPC and SPC equipment respectively.

Discussion:

Several factors were considered in estimating equipment life. These included condition of
the equipment at inspection, review of corrosion coupon data, and engineering
judgments. Failures such as mechanical fatigue that are not related to erosion/corrosion
were not considered.

The expected service life of the PR and its respective fixed coils was predicted to be
twelve years as reported in Table XIX. This was tentatively predicted on the basis of
corrosion of the steam coil. Since the noted table was drafted {further discussed in section
on fixed coils), it was concluded that the time of steam flow in the coils is minimal (i.e. a
few hours per batch cycle) and for this reason, it is now expected the PR and their
supporting fixed coils will last the life of the DWPF facility (i.e. 20 years).

Results and Conclusions:
It was concluded that with the exception of the SME coil and agitator, all of the

equipment should achieve its design life (i.e. twenty years for process tanks and vessels,
five years for pumps, coils, and agitators, and one year for replaceable jumpers).
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The MOG line melter end is expected to require replacement in three years as a result of
pitting corrosion. While this is a replaceable jumper, it is relatively large and contains an
isolation valve. For these reasons, it would be expensive to replace (and subsequently
dispose of) this jumper. It is therefore recommended that design changes be implemented
in replacement MOG line melter end jumpers to extend the expected service life.

110



Iy

Amped jo oy ~ waouoo siepelew ON| VN Stuow g 14 912D 1osseA INIH

) ) "~ Aumoed 10 ey 77 Wweouco siepejew on| VIN SUIUOW G'} | 8120 |9sSeA SYS
~ (geoN) ek gl 777 ‘weouca sppelewion| 0 VIN ‘sinoy ooz > 9420 dwny eldwes 1DDO

C Awegjoon| " weduod sjepslew o V/N Styuow gy-51 820 19s59A 1990
 Aiwedoennf T UIBIUCO S{EeIEw ON VN[ (2 @loN) suwow g4 HHOD 1Y pU3 4842uanD 8uf] DO
©siesh g 1oye eoedey 8y 069] Uo BugyduOSoLOD| ) WN] (Zelon) SYIIOW 5} T 0691 PU3 10lj0py 6UI'T SON
|:||--z_=8u o9 Weouco siBpajew oy CWIN T T N 9/2-D  {@sSap 10H

T (polon) sieeh gleye oedsul|  wieouco S{BueiBL ey T T wN 9/29 1) yum - siedwinf® 5582014
" (v 010N) SI€0A § Jeye oadsul T weouoo siepelew pwuy| ) L i © VN[ 191E°922D W) ou - Ssedwin ss82014
 (cewnN) meks sopelq Jojeiie jo uosos3y| WM ~ swuow Zp) 920 1o1euby 14N
T T T e epN) mek g eiNjons WwoRoq Jo uosory| BT (1e10N) sow Zv) 9220 Aquiassy 10D 14N
T T {cepn) ek g seuj segedw) jovososa] L) ~ SyuowEg 922D } On dwing peey ieyepy

R 7YY T seuy sepedwyouosaisl 0 T l0 "SI0y 1€ 9120 " dung edwes | 4N

T Auwey ey o weouso siepsiew oN| o  suuow gy} 920 © |8sseA 14w
 smeAgieyejoedsull sepegquojeSejouosoal 0 T wN| - suuoul 'y 9.2-0 by INS

T Anpe] o] weouoo sEpeiew o] 7y N 920 SBSUBPUCD JNS

T T 77 sisek g seye pedsuyg T empngswopogpuoisad] 21| 7 () eloN) syuow g} 77 %10 Aquessy 4o IWs
T (cewonjieeAs] Buddweyedwijouosoia] 2| T T Tmnoyori|T T Y dwny eiduies INS
T T (g eoN) Teok § Buidid ‘lepedu jo uogsora| ul T T T Temoyog| T a0 duing sejsuei] INS
R “hmpes 1o on sepin 100y ¥UB) JO UOIE0I] RYT? A _swuowgist T 9s2:0 18SSBA JNS
- e 0 8N W0 EBUBIEW ON 7 ¥ wN| T e 100 1D3INS
T T Anped o 8N S WBCD S{BUBIBL ON 7 Y| 7 syuow g1zt . €1ie 19sseA 1D3NS
I Aigony jo o) WBou0d S[BHBIEW ON ) VIN| VIN . 1T 18qQIIIS BUOWY | YHS
T T T T Kipes o e WSTLOD BfepB)BIL ON - T T 7wl ezzo | IesuBpuo) | YYS
- {c oj10N) se8h g $6pE|q 19MO] U0 LoS0Ie WbYS| win| T Tsywowor| T Tez2n “ioeyBy 1vys
o Aipeg jo o} weuosEpeuoNl | Geenswuowior] 920 Alqwessy 10D 1vus
T (¢ eioN) Jeek g weouoo seusjew opy| N[ snoyosl| 920 dung edwes 1vds
T g_ﬁﬂn__ 10 o LB Sjapelew opy T 4|.h|—| T mﬁ—cglmﬂmmﬂ R WMN-O .wmmo> h<_...._w
T Auon3 jo ey weovco sppelew on| 4| T T T syuowgrzi| 7T 9/20 ilesseA 1ayd
T Ameegpoen|T 0 weoucosmpewwion| Tyl T T sguowgiz] T woe WuE} ejeydineld dgad1
T T TRuweajo ey T weouco seuerEw on| 7Y sjuols 842} B Wue g oBpniS ddd1

g eames 0 | .:c:onEoo o) Emu:oo " 'wo) sa2h) yieg :o_.uonmz_ e awyy uogonysuoy | uoiduasag EoEn_acm
leuolPPY PaIOIPeId | sjepalew Aswiig | Tssadoid jo'oN | Bupeiedp jeiol | jo sjepajeyy |
3417 INFNANGT Q312103Hd

HIAX H19V.L



31va
Yy mML:

ueuujey) JIJPusyd ‘1 H

oone TN

SG/EL/L1 U0 BARIWWOD SIeUANBW JdMA Aq pamajrey

Zll

‘0)A198  sieah aAY noqe saye abeno Juauaauod

18 pajdadsul aq pinoys siadwinf ayy a|qerdadce Jou s| ainje} yans

H “(pardadxa Bujuuy) paz)eao) 10 Bugid -a7y) aunqie) Jpun pasn aq
ued siadwn| ay) ‘yujodpuels ssascid g woJj 9)qe1dan’de Ji ‘uo1s01109

fuojsoua Aq pajoedw aq Aew ssedwin| ssasosd ay} jo |elanag

8881 JO I} BY) BINPII JOU |Im SINSS) SjRLIAEW JeLyy Pajdtpaid §) I

‘sJead aay sem si0)epbe pue sduind ssa20:d ayl Joj 8y ubysap ay|

“dwing Jaysusnp 1390 ay) 0} 8nba aq 0} pawnsse sem sau|)

DOW pue Jayousnp ay) 4o} uopdadsu) e awy Bupesado jejoy, ay)

0] ju3JBAIND2 IpBwW SBM SI|IQUIASSE |10d By} Joj  uoyadsuy je awyy
bujjesado |80y, oy} ‘uosBaL Sy} 104 "82JAIBS Uy SEM Joegibe ayy awyy
40 JUNOWE aq PINOM 8AIGUWIISSE ||0D 10} BIJBI UOJSOLIOIUOIBOID

9y} uo 10308} JuBIPUE|S J50W Y} BY) PALINSSE SBM |

v
‘sjuauodwod
(€
F4
"si0)eybe ay)
(1L s3aioN

Aoed 10 e " WBOUOD SfRUBIEUI O}y YIN SN0y 002 >| 9:2-0| eun sdwes ‘uiag 990
C Tmwpezjoeny| 7 Tieousosepeiewiont T WiN ~ smoeyoie| T 920  seur) -adwes uiuag ) 4N
ST T Thmeedjoe| T T T weouoo sjepeled o - e sinoy oz} | 9:2-0|  saun ‘ajdweg "wiag INS
 hweedjoenl  Twedwcdspwelswon| T T T Tyl T T T U sinoddan 9:2-0| saur ajdwes “uuag | yHS
- Ao jo ey T wesucospepwon| T T T Tyl T T - sinoyogy| 942D saury ‘ejdwes ‘uued Hd
| einye o) uns/ winuguis 1we Z| Bumgny jo ujsoucouolsoie eiassod| wiel ©osmoyour| T Twee © uonels ejdwes IS
T T Kipeaoen weousa sepewon|  wym| 7T smoyozi 920  serdwes pmbi preieiphy 3ns
o Ao jo a7 T weoucospueemon| N T Tsmoygug| T 920 1oidures pby1 paebespAr 1 4
" ssmeA § 7 ejzzou uogqy edsu)| T ejzzou uoqqu uo uoisouoa eamery| T 'S18jSIUBD g IN0qe] ) VIN Twoe| wey ejzzoN Aeidg z ‘oN 0ao
51884 G 7 8fZZ0u u0QQU edsuy| | ejzzou uoGqu U0 LSOLOS Bopesn| T siesied gg nogey wN| Wwoe soey ejzzoN Aeids | oy D00
T (ceioN)1eehg Weouod Sleuslew ON| SiBjS|uED 09 IN0QE W " Twoe dwny LONBINMIKEY | “ON DA

© T T g asueg|  weuodwo) o) wisouoy ‘wo) s394 yaeq| uonsadsul je swy) |uoponysuo) | uopdudsaq Juawdinby

[BUORIPPY P3IPald | sjppele Kewind | §829044J0 ON “Bupesadg jejol | jo sjeupalen T ,

3417 IN3WNDINDI Q3101a34d

(o)) IIAX A'14VL




el
"§661 ‘Jaquaidas ‘S8E0-56-H1
-OHSM ,‘siuauodwo) Juedubis Ajajes pue sseid Alajes d4dma jo
uopepesbaq sjepajen 10} [eualog jo uopenieal , ‘Apaybneqg -q 'm :3ON3H343Y

*U0|§04109

pazjjean) 0} 12a{qns aq ABW |3sSaA S|} 40} pasn AQ}B |38]S SSa|uje)s

Troc ayy yey) sysabbing viep Asojeioqe] ‘1530 oY) Jo uonaadsuy
|eNs|A 2jowal oy} BuINP PIJOU BEM UOISOLIOD JO IJUIPIAG ou Iy (v

‘Aouanbay} paujuuajapaid awos

31va je peoeydas aq pinoys siadwn| 3y} ‘sjqeidasoe jou s) anjje) g Yoans
abl /e ) -(peyoadxa Bujuupy pazjjesoy 10 Bumid -e7y) anjjey |pun pasn aq
uea ssadwin| sy Yyujodpueys ssasosd B woy) ajqeidasoe §| ‘uoisols0d
juojsosd Aq pajoedw) aq Aew siadwn| s8820ad 8y} jo |esanas (g
sjuauodwo
96/0E/1 UO JIR|WWO) S|P JdMA Aq pamejasy asay) Jo 3j|| 3y} AONPaJ JOU |||m SaNSS| S|BIajBW By} pajdjpaud s |
-g180A aA)} sem si0)B)Be pue sdwind ssasoid ey so) s uBjsap ayy (Z
‘34n)4e} 1103 9)qissod
jo ynsa1 e se paywy aq Aews Yd ) ‘snyj Anjoey ay) Jo o)) sy
188]| 0} pajoadxa §{ ‘1aABMOY ‘|asSaA Hd Y| "si8ak aajam] Inoge u)
papuadxe ag pJNoM (102 PaJUIY SYJ UO SIUBMO|[E UOIBOLIOD auj) ‘Ijel
81y} 1y "Adw g aq Aew 51|02 wes)s (Hd) 10108aY ayey|d)deid paxy ay)
uo 9jel uo|s0.102 jBIRUAD ay) Jey) s1sabbns eep uodnos Auojeiogey (I SILON
" {poejon) sieeh gieye pedsu)|  weouco sppelew on| viN| T T Aav 920 Jedwnr WeA DADS 0} GOHd
" “(celoN) sieeh Gueymjoedsy)| 0 weowcospewerewon] 0 T T T wn| T wN| Aouw 922D ~ 1edwinf G54d Ol Ud
- {¥ s10N) Alie; jo oy UOISOLIOO POZYBOCY BIaISSOd] 0 ZZ| SWuow g)-SL|  SSejuElS 1roE ~ @ssBA 1930
Ape jo oy weouco sepelew oNl zz|  squowelsi|  Aogwezn| 105S0A 0030
“Koey 0 8 wecuco sigpejeuwioNl 2] syuowsisi| Ao 9,20 1100 puE [0SS8A 30
(Z e10N) 1804 G weoucosgpelewoN| wN| T umN[ Aoy 920 dng sejsues] | Jud
{z o10N) 1894 5 o weouco sigpeewion|  wm| " wN| o oezzd duing edwes | 3ud
T T ey o ey weouco seperewion|  wiN|  sywowgygi| Aoy 9s2-0|  1esseA Liud
T Koeyjo ey © weousosepelewion| 22| . squowegi-gl| Aoy 942D 1esseA Q0Hd
" (ceN)smeAgieyzioedsul T weoucosppelewoNn| wiNf  snoyosy|  Aowv 9s2-D soduinp eb18yo51g BdWeS Ha
- (cewon) kg 7 weousosiepeewion| 0 T wnNj snoyosy| Aoy 9:2-0 duing eiduies Hd
T {z ooN) 188k g ’ ‘weouco spepelewony| T T T wm| " SUOW £'E Aoy 922-0] " 7 loeiby Ud
© T T GeoNjieskzi| T syoowmels jou mm_asao ‘ _ 12 SYUOW B1-GH | >m__m 9420 1109 pexid / |SS8A Hd
T ayesmes | usuodwio) o) waduo) "woe) §3j0AD ydleq | uopdadsuy je awy) juofionysuc) | uopdpasaq Juswdinbg
IEUORIPPY PAIOIDaLd |  sjeudiep Aewpg §592014J0 'ON | bBupgeiedoelol | joseuaeny | 0
an
3417 INFWJINDA NdS GILD103Hd XIX 414V




DWPF MATERIALS EVALUATION REPORT
WSRC-TR-96-0217, REVISION 0

4.0  Photographic Records

During the course of the DWPF inspections, hundreds of pictures were taken to document
equipment condition. While a few of these pictures are contained in this document,
restraints on space reduced the number of pictures that could be included. To ensure that
these pictures can be properly retrieved at a future date, negatives were logged into
document control. Appendix 8 provides a complete listing of DWPF and IDMS negative
numbers which were used to support the DWPF materials evaluation.

50  Acknowledgments:
The authors wish to offer their appreciation to personnel at the Savannah River Site that

assisted in the materials evaluation program. Special thanks are given to the personnel at
DWPF, A&ID-QC and SRTC who were heavily involved in program support.
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DWPF STARTUP TEST FA-04.02
PROCESS VESSELS EROSION/CORROSION STUDIES

Summary / Conclusions

Required field work and data collection for the FA-04.02 test program, “Process Vessels
Erosion/Corrosion Studies,” for the Chemical Process Cell has been completed.
Preliminary results indicate that with two exceptions (i.e. SME agitator and coil
assemblies) all of the critical equipment will achieve its “design life” and will be
acceptable for radioactive operation. The SME and MFT agitator shaft assemblies were
replaced with units containing a new blade design with Stellite hard face coating to
mitigate lower blade erosive wear. The SME and MFT coil assembly were reworked to
eliminate the effects of localized erosion and extend the life of the equipment. With the
noted replacement of the agitator shafts and rework of coil assemblies, the installed SME
agitator and coil assembly will be suitable for radioactive operation. A final detailed
report will be issued next year with combined input from both DWPF and SRTC and will
include results from all DWPF materials evaluation testing,.

Introduction / Objective

The FA-04.02 test program, Process Vessel Erosion/Corrosion Studies, has been
completed for the Chemical Process Cell (CPC). The CPC in this case is defined to
include all DWPF equipment outlined in the FA-04.02 test except that found in the Salt
Process Cell (SPC). This portion of the inspection program will be reported separately.

The objective of the FA-04.02 test program was to collect process data and perform field
inspections on critical DWPF equipment. This test phase is a follow-up to the FA-04.01
evaluation, Process Vessels Erosion/Corrosion - Baseline, reported in 1992. The current
inspection data will be used in conjunction with the baseline data to determine the
suitability of DWPF equipment for radioactive operation. This work has now been largely
completed. This document provides preliminary findings which demonstrate that existing
equipment is suitable for radioactive operations. In addition, this report provides
objective evidence that the inspection activities defined in the FA-04 Test Plan (i.e.
Attachment 1 in the Test Plan) have been performed. A final report will be issued next
year (January target) with combined input from both DWPF and SRTC on all materials
evaluation studies performed at DWPF (i.e. Test Programs FA-04, FA-05, etc.).

While this report should be construed as preliminary, sufficient review of individual
inspection reports and field data has been performed to ensure that existing CPC plant
equipment is adequate for radioactive operations.

Objective Evidence that Test Requirements Have Been Completed

The FA-04 Test Plan required that certain equipment field inspections and process data
collection be performed. The required work has been completed as outlined in the
following paragraphs.
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Essentially all of the planned field work for the FA-04.02 test program (CPC portion) has
been completed. This is documented in Attachments 1 and 3 for the SRTC materials
inspections and NDE inspections respectively. Several planned inspection activities were
not performed as outlined in Attachment 4. All of these were low priority inspections (i.e.
ranking of “3” in Test Plan, Attachment 1) and the loss of this data is not considered
critical.

Collection of equipment run-time and operating speed data was performed for selected
process pumps and agitators. PIMS data was not available for all of the FA-04 test
phases. Run-time data was based on a combination of manual logs, PIMS data and
estimates based on operating logs. Data on equipment operating speed was not available
through PIMS, so it was limited to that obtained on manual operating logs during the
1993/1994 test phases. Most of the operating speed data can be obtained or estimated
from knowledge of plant operating conditions. For example, most of the agitators operate
at fixed rpm. The SRAT, SME, and MFT agitators operate at two speeds (i.e. 65-130
rpm) depending on process requirements. Thus, while the reported run-time data does not
differentiate between those two speeds, an estimate can be made (if warranted) as to the
number of hours of high and low speed operation.

Chemical data was collected on process streams per the FA-04 test requirements. In
regard to addressing the corrosion potential (e.g. aggressive ions, pH, etc.) for the
condensate (i.e. SMECT and OGCT) and recycle stream (RCT) data, it was decided to
concentrate on the condensate streams. These streams came from a constant source that
could be readily monitored. While data on the RCT was collected, it is felt to have lesser
value since different waste streams are collected (e.g., SMECT, OGCT, lab drains) and
neutralized in this tank. The collected samples could not be traced to a specific feed
stream. Therefore, the corrosive characteristics of the SMECT and OGCT process
streams (i.e. feed to RCT) were monitored in more detail than the RCT waste material.

Assessment of Predicted Equipment Life

Inspection results indicate that with two exceptions, outlined below, all of the CPC
equipment will achieve its “design life” and will be acceptable for radioactive operation.
Design life for the subject equipment is defined to be (Ref. 1):

1) Twenty years for permanent piping system (i.e. sample lines, etc.)

2) Twenty years for major process vessels (i.e. tanks, etc.)

3 Five years for replaceable equipment such as pumps, coils and agitators

4) One year (minimum}) for replaceable “on-site fabricated equipment” such as
process jumpers

Attachment 2 provides a list of all CPC equipment detailing the cumulative service
exposure to date and the “predicted additional service life” remaining. Note that these
estimates are based on the consensus opinions of members on the DWPF Materials
Committee. With the exception of the SME agitator and coil assembly, all of the
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equipment should match or exceed its design life basis. Even the SME agitator and coil
assembly should be completely adequate to initiate radioactive operations. The “predicted
additional service life” estimates reported in Attachment 2 take credit for rework to the
SME and MFT coil assemblies (Attachment 1, Item of Note, Nos. 3 & 5) and replacement
of shaft assemblies for the SME and MFT agitators (Attachment 1, Item of Note, Nos. 4
& 6). Without the rework and noted replacement, the life of the equipment would be
significantly below that reported in Attachment 2.

Preliminary Inspection Results

General statements concerning the equipment inspection resuits are provided in the
following paragraphs.

Eight process tanks were inspected for evidence of erosion/corrosion. None of the tanks
showed evidence of wall thinning or localized corrosion.

Significant erosion was observed only on equipment directly exposed to glass frit slurry,
as expected. The SME coil assembly and agitators (See Attachment 1, Items of Note,
Nos. 3 and 4) showed severe localized erosion. The MFT coils and agitators
demonstrated similar wear patterns to those observed on the comparable SME equipment,
but to a much lesser extent (See Attachment 1, Items of Note, Nos. 5 and 6). While the
erosion in this equipment is a concern, it is felt that the impact can be mitigated by
relatively simple design changes.

There was a concern that frit particles may erode the entrances to sample lines and change
the characteristics of the sample. For this reason, sample line “pickup points” (i.e. sample
pump piping) and the Hydragard liquid sampler inlet valves (i.e. sample line entry) for
the SME and MFT were inspected using radiography. No evidence of frit erosion was
observed.

In general, little evidence of corrosion was noted for the CPC equipment, confirming the
appropriate selection of material. The suitability of the materials of construction was
confirmed by both direct inspection of the equipment and by evaluation of corrosion
coupons. The only significant corrosion was observed in the MOG Line Melter End (i.e.
severe pitting in the Inconel 690 piping) as discussed in Attachment 1, Item of Note, No.
8.

No significant evidence of erosion/corrosion was detected by UT on the permanent
sample piping lines going to the sample cells. This had been a concern due to the number
of sharp bends and elbows (i.e. frit particle erosion).

Problems had been detected earlier with fatigue at welds in the SMECT process pumps.
Evaluation determined that it was a problem with the pump design (different pump
design, pumps used to mix tank, very high vibration) and harmonics from pump
operation. To determine if the problem was isolated to the SMECT pumps, selected welds
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from seven process pumps were inspected using liquid penetrant (PT). No evidence of
fatigue damage at welds was noted.

Analytical testing of the process streams during cold run testing demonstrated that the
process chemistry was largely bounded by test solutions used to select materials of
construction (Ref. 2). This implies that criteria used to select the materials are still valid.

During inspections for the FA-04.02 test program, problems were discovered with three
damaged dip tubes (i.e. two failures as a result of fatigue, one from mechanical damage).
Since the dip tubes were not within the scope of the FA-04 test program, this information
was provided to Operations. A major program was implemented to inspect dip tube
jumpers, perform calculations on design adequacy and determine the presence of in-tank
supports. Repair and evaluation of the dip tubes was covered under U-PMT-S-00665.

References: 1) S. M. Nordwick and D. B. Bickford, “Initial Comments and
Recommendations for the DWPF Process Vessels Erosion and
Corrosion Studies,” March 29, 1990,

2) W.D. Daugherty, “Evaluation of Potential for Materials
Degradation of DWPF Safety Class and Safety Significant
Components,” WSRC-TR-95-0385, Rev. 0, September 1995.
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ATTACHMENT 1 - ITEMS OF NOTE

No. 1: SRAT Coupon Racks

Ten corrosion coupons were removed from both the vapor space and the liquid space of
the Slurry Receipt Adjustment Tank (SRAT) on 9/8/95 after about 12-18 months process
exposure. The coupons consisted of nickel-based alloys C-276, C-22, G30, Inconel 625,
and Stellite 6. The types of coupons were flat coupons (with and without autogeneous
welds) with Teflon crevice washers, galvanically coupled coupons, and U-bend coupons.
Specimens were cleaned and evaluated using ASTM Standard Practice G 1-90.

The examination of the SRAT coupons revealed no evidence of significant general
corrosion, localized corrosion, or stress corrosion cracking. The coupons were covered
with a thin brown layer after being removed from the SRAT. The layer was easily
removed from the liquid space coupons during cleaning, however, a stain remained on the
vapor space coupons after cleaning. All measured corrosion rates based on 12 months of
exposure for coupons in the liquid space were less than 0.1 mils per year. The maximum
measured corrosion rate for the SRAT material of construction, alloy C-276, exposed to
liquid was 0.02 mils per year. Slight weight gains were measured for all coupons exposed
to the vapor space of the SRAT.

No. 2: SME Vessel

The SME vessel was entered for visual inspection. The condition of the tank bottom and
internals were in excellent condition except for one pair of coil supports which had a
significant amount of wear on one side. This is thought to be due to misalignment of the
coil support structure and is not considered a serious detriment to vessel life. While not
part of the FA-04 Test Program, a problem with an internal dip tube (i.e. tube being cut
by internal tank deflector plate) was uncovered during the tank inspection. This problem
was documented and reported to Operations for corrective action.

No. 3: SME Coil Assembly

Extensive erosion occurred to the bottom coils and downcomer pipe (i.e. cooling water
supply) exposed to slurry flow along the bottom of the coil structure. Coil surfaces were
polished smooth and the weld beads on the downcomer pipe was wom flush with the
adjacent pipe. In worst-case areas of the downcomer pipe, wall thinning of up to 40 %
was measured by UT. Additional erosion occurred to the coil supports at the bottom of
the coil, with deep grooves in the supports at several locations. No evidence of corrosion
was observed.

Due to eroded condition of the SME Coil Assembly, an NCR (95-NCR-05-0215) was
issued. It was agreed to repair the SME Coil Assembly and “use-as-is.” Repairs included
restoring the coil support frame to near the original dimension with C-276 weld metal and




applying a Stellite coating to surfaces exposed to direct impact by the frit slurry. Also,
process piping (i.e. bottom inner coil near supports, cooling water downcomer pipe} that
was eroded was built up with additional C-276 jacket material to increase the expected
life. The SME Coil Assembly has been repaired and returned to service.

No. 4: SME Agitator

Erosion has been observed on the lower blades of the SME Agitator. This agitator is a
DWPF first generation design. Significant erosion was observed on the back side where
the blade is welded to the attachment tab. This tab is then welded to the hub on the shaft.
Characteristic wear patterns (approximately S0 % through wall) were seen extending
from the corners of the tab on all four blades. These wear patterns were orientated at a 45
degree angle and extended several inches towards the tip of the blades. Other less
significant wear scars were observed on the lower edges of the lower blades. No
significant wear was observed on the front side of the lower blades or on the shaft. Some
erosion was also observed on the edges of the upper hydrofoil blades.

As a result of the erosion damage reported above, the SME Agitator shaft was replaced.
The replacement shaft agitator assembly contains redesigned lower blades with Stellite
(t.e. hard-face material) overlay coatings to mitigate the erosion concern. The lower blade
design for the agitator shaft had been redesigned earlier as a result of erosion encountered
at TNX.

No. 5: MFT Coil Assembly

Some evidence of erosion was observed on the bottom coils and downcomer pipe
(cooling water supply) which were exposed to frit slurry flow underneath the coil
assembly. These surfaces were polished smooth, although weld beads remained proud of
the adjacent pipe. No evidence of corrosion was noted.

While the erosion of the MFT Coil Assembly was much less severe than experienced for
the SME coil, significant erosion (about 15 % wall thinning) was indicated by UT on the
cooling water supply pipe as it extends below the bottom coils. An NCR (95-NCR-05-
0221) was written to document these findings. As part of the NCR disposition, the MFT
Coil Assembly was to be repaired to extend the life of the component. This included
adding additional C-276 jacket material to the area of the downcomer pipe that
experienced the erosion. This work has been completed and the MFT Coil Assembly
returned to service.

No. 6: MFT Agitator

The MFT Agitator demonstrated nearly identical wear patterns for the lower blades as
experienced for the SME Agitator (No. 4), although the severity of the erosion was much
reduced (i.e. possibly one-third the penetration depth). While the MFT Agitator could
have lasted for an additional 2-3 years of service, it was decided to replace the agitator



assembly with the new design with increased Steilite overlay coating. No significant
erosion was observed on the upper hydrofoil blades.

No. 7: Formic Acid Vent Condenser (FAVC)

The planned inspection of the FAVC was not performed. The unit was being replaced
with a reworked spare. Also, the unit was placed in an area considered inaccessible for
inspection. Given the FAVC is considered a very low risk for erosion/corrosion damage,
the lack of an inspection of this vessel was not considered a major concerm.

No. 8: MOG Line Melter End

Visual inspection of the melter offgas (MOG) line (Inconel 690) showed evidence of
pitting attack similar to that observed on the film cooler brush. Pits were observed around
the entire circumference of the vertical section of pipe at the inlet to the offgas line. The
deepest pits in this section of the pipe were observed just below the film cooler brush and
above the top of the 90 degree elbow. Pit depths ranged from approximately 0.025 ™ to
0.060 ” (unofficial for information only). Some pits were observed in the MOG line at the
180 degree bend before the isolation valve. These pits were found during a remote visual
inspection performed in April 1995 and did not appear to be very deep. The isolation
valve and MOG line after the valve appeared to be in excellent condition.

No. 9: OGCT Coupon Racks

Nine corrosion coupons were removed from both the vapor space and the liquid space of
the Off Gas Condensate Tank (OGCT) on 10/23/95 after about 15-18 months process
exposure. The coupons consisted of 316L stainless steel and nickel-based alloys C-276,
C-22, G30, CW7M, and Inconel 625. The types of coupons were flat coupons (with and
without autogeneous welds) with Teflon crevice washers, galvanically coupled coupons,
and U-bend coupons. Specimens were cleaned and evaluated using ASTM Standard
Practice G 1-90.

The examination of the OGCT coupons revealed no evidence of significant general

- corrosion, localized corrosion, galvanic corrosion, or stress corrosion cracking. The liquid
space coupons were covered with a thin brown layer after being removed from the
OGCT. The layer was easily removed from the liquid space coupons during cleaning.
Most of the vapor space coupons did not have a coating after being removed from the
OGCT. All measured corrosion rates based on 15 months of exposure for coupons in the
liquid and vapor space were less than 0.1 mils per year. The maximum measured '
corrosion rate for the OGCT material of construction, alloy C-276, was 0.05 mils per year
in the liquid space.




No.10: CDC No. 1 Spray Nozzle Rack

In general, the Canister Decon (¥1) spray nozzles appeared to be in good condition. Three
of the seven boron carbide insert tubes that fit inside the frit feed nozzles (i.e. for blasting
canister side walls) had small chips missing at the frit discharge end. This was thought to
be from mechanical damage (e.g., installation, bumped by canisters, etc.) but did not
appear severe enough to impact the life of the nozzle. All eleven of the rinse nozzles were
in good condition. The stainless portion of the ribbon nozzles showed significant
erosion/corrosion. Most of this appeared to be crevice and/or other forms of localized
corrosion. It is theorized that it occurred as a result of frit being deposited on the stainless
steel during cleaning operations, since portions of the stainless steel that should only see
air had the noted crevice corrosion. Similar inspections on the CDC No. 2 ribbon nozzle
which had a similar service life did not show the crevice corrosion. It is possible that the
noted corrosion on the No. 1 ribbon nozzle was a result of a one time improper cleaning
after use and may not be a major concern.
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ATTACHMENT 3

Quality Control AID-QCM- 950127
S Condition Report JOB NO: $950513

Retention: 2 Years
Keywords: Tanks

‘ Jumper
. Gee, 704-255 ) Coils

Pump

:

§
2
i

. G. Bevard, A&IQ, 703-A
. Jones, 704-26S O. L n, A&IQUQC, 730-A

' . E. Spraybenry, A&IQ/QC, 730-A
. R. Hinz, AAIGYQC, 730A 730-A QC Fiies

E9XAMEGOS

|
;
3
g

:
8
:

Page: tof 12 _ Date:  11/16/95

nspeciors/Level:
A. F. Holmes L.l (VT, PT & UT), J. Elder L-ll (UT)L-II (VT & PT),

J. Q. Dicidneon
Equipment Examined:

See Table 1
h.mﬂur Part ¥

221-§ See Table 1

" |Date o Examination: e N Service:

See Table 1 ~2 Yoars

Service Condition: ' Matarials of Construction:
NA Stainiess Steel
IHm

NCR Number (¥ appiicable):
WNA'

Inspection Procedure (number and thie):

NDEP 4.1 General Visual, NDEP 8.1 Liquid Penetrant & NDEP 7.1 Ultrasonic Thickness Examination
ACCOptance Critena/source).

NONE PROVIDED BY CUSTOMER

Inspection Summary:
INTRODUCTION-

Administrative & Infrastracture Quality (Formally Site Services Quality), utilized the following nondestructive
methods during outage FA-04: liquid penetrant, visual, ultrasonic and radiography. The examination methods,
report numbers and inspectors are listed in table 1 of this Previous report numbers and results are also
provided in table 1. This report is issued as a “Condition ", since no acceptance criteria was
provided. The responsible systems engineer will be required to determine the final acceptability of all items
listed in this report. This is the final report, copies of all individual NDE reports were ided to the
FA-04.02 Test Coordinator and are also maintained in our files listed under Job # S950513. Radiography test
results are contained in Job file numbers $950640, S950641, $950645 and $950646.

‘?§ -|'l|'l.|ci_r




Quality Control AID-QCM- 950127
S condition Report JOB NO: $950513
. Page: 2 of 12
Date:  11/16/95

Inspection Summary Cont.:

INSPECTION METHODOLOGY

The examinations perfarmed during this outage were done utilizing the same techniques and examination
methods during the collection of the base line data. Some examinations were in fact base line data and therefore
‘couldnotbecomparedwiﬂ:puviousdam.

DATA COMPARISON/RESULTS
Small Bore Piping

A comparison of the ultrasonic thickness data from the small diameter piping, obtained during the recent outage,
and the baseline data (1990) indicated a decrease in thickness of 0.010 - 0.020". Data point correlatdon was
jexcellent on both large and small diameter components. 'I‘heapparentchangemthicknesspmmpwdanm-dcpm
analysis of the data on the small diameter components. The baseline data reports were reviewed to determine if
technique or equipment factors contributed to the difference. The baseline technique and calibrations were
reproduced using the same type of equipment used during the baseline examinations. A comparison was then
pafamedwhued:ebasclinewchniqueandthmecmnnﬂyusedtechniqumwcteusedmmeasmmesame
component. The baseline technique consistently provided 0.008 - 0.012" thicker readings.

The differences are attributed to:

* The advancements in ultrasonic transducer technology for specialized applications such as wall thickness
measurement of small diameter tubing.
* The refinement of ultrasonic equipment and calibration techniques.

Based on the techmqmcompansondata. we determined that a correction factor of 93% was needed to make the
appropriate comparisons to the baseline data. The correction factor was applied to the baseline data in the
ultrasonic thickness plots (1 & 2). With the exception of limited areas of the SME coil piping, the Temaining -
piping shows no reduction in wall thickness.
Tanks
Compaﬁsonofﬂ:eptmssmnkdaﬂsbowsvirmaﬂynochange.
Radiography of Sample Line Components

iographs for the SME and MFT (pump) sample line “pick-up points” were compared to similar radiographs
taken in 1990. The comparison reveals no apparent erosion /corrosion which would effect the sample P
characteristics going to the analytical sample cell. Radiographs were also performed for the SME and MFT
Hydragard liquid samplers. Results showed no apparent erosion/corrosion which would effect sample
characteristics.
Systems Overall Condition

Other than the wall loss in SME coil no significant erosion or corrosion conditions were detected during this
outage.




AID-QCM-350127

Job# 5950513
Page 3of12

Data coilected using several different UT Equipment combinations. The 260L data was collected in the
3ame manner as the basetine data. The Sonopen, DA312. and SMhz Delay tip data were all collected using
a2 USN 50 UT scope (EQ. used in 9/95)

The data was collected on a 1/2“ schedule 40, Stainless steel pipe section that included an efbow.

The 26DL (Digrtal Thickness Gauge) data consistently reads thickner than actual thickness.

| FIGURE 1 i
0140 jf
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AID-QCM-950127

DWPF OUTAGE FA-04 JOB # 950813
Page [ ] 01[7]
Exam. 11/6/95
Method Inspector Thick(s)
Moduls  Component Part » ‘Rpt.# Date This Outage
BDC jier Decon |5 360-600-030 O5IRO6G-VT-1058 [P, Gibbons LI [No VT indicanons soted.
#1 11-7-95
DC iter Decon  1S360-600-060 95-R-06-VT-1059  [P. Gibbons L-IT [No VT indications noted.
- ” 11-7-9% :
DC irculation |8 360-600-033-00-P |95-m4)6-vr-10m P. Gibbons L-0 J0.135" to 0.209"
Decon #1 95.IR-06-UT-1061  |B. Holmes L-TT }0.430™ to 0.452"
95-IR-06-PT-1062 ' |11-6-95
[€DC JCOC Jumper [358Z3CD)12 95-RO6-VT-1063 | Elder -l [0.1007
. 95-IR-06-UT-1067  [B. Holmes L-II
11-2.95 VT indications noted.
[CDC__ " JCDC Jumper  [359(23CD)13 [95-R06-VT-1064 ). ElderL- 0 J0.181"
95-IR-06-UT-1068  |B. Holmes L-1I
11-2-95 No VT indications noted.
[ CDC Jumper |357(23CD)11 95-IR06-VT-1065  |J, Elder -0 111"
95-IR-06-UT-1066  |B. Holmes L-TT
11-2-95 VT indications noted.
PPP LPPP Precipitatd]SS11-030-020-00 -IR-06-UT-0890 _ |P Gibbons L-I J0.471" Baseline
Tank 95.IR-06-VT-0891  [J. Elder L-II
‘ J. McCall L-Tl
9-9.95 INo VT indications noted.




AID-QCM-950127

DWPF OUTAGE FA-04 JoB # 950513
. Page g of
Exam. 11/6/95
Method Inspector Thick(s)
Module  Component Part # Rpt.# Date This Outage
EPP Sludge |S511-010-020-00-T |[95-IR-06-UT-0986 P Gibbons L-IT |0.493" Bascline
ank 95-IR-06-VT-1069 B. Hoimes L-11
10-11-95 No VT indications noted.
MFT Loop to [(7.1TP) 3Y (7.6DT) 1[95-IR-06-VT-0990  |B. Holmes L-1 [No VT indications noted.
ank Jumper . Gibbons L-11
10-3-95
MFT Melter Feed  [(7.6DT) 95-IR06-VT-0991 |B. Holmes L-T [No VT/PT indications noted.
Loop #1 DT 95-IR-06-PT-0992 P. Gibbons L-II
Assembily |10-3-95
pMFT [Sample Pump  [404(7.35P)2 95-RO6-UT-0883 ). B. Elder LN J0.092"
. Discharge 24-95
Jumper
MFT Melter Feed #1  [(7.1TP) 3X (North) 95-IR-06-VT-0884 B. Holmes 1 -11 [Baseline
Loop Line . Gibbons LTI
Strainer 9-26-95 VT indications noted.
|MFI' IMdlu Feed #2 |(7.1TP) 3X (South) [95-IR-06-VT-088S B. Holmes L-T1
Loop Line Gibbous L-II
Strainer VT indications noted.
MFT Melter Feed $-350-170-011-00-P IR-06-VT-0994 B. Holmes L-II }Suction Line 0.151"
Pump #1 95-IR-06-UT-0995  [P. Gibbons L-II {Discharge Line 0.141" Retumn
95-IR-06-PT-0996  [9-27-95 0.146" .
eturn Line 0.124"
Baseline
o VT/PT indications noted,




DWPF OUTAGE FA-04

AID-QCM-950127
JOB # 950513

Page ] or
) cm TTr6s
Method Inspector Thick(s)
Moduie Component Part # Rpt.2 Date This Outage
MFT [McicrFeed | [5-350-170.018-00  [95-IR-06-PT0876 . Gibboas L-II [Intake 2” Line 0.144"
Sampile Pump 95-R-06-UT-0877  [J. Elder L-0I 11/2" Line 0.115™
95-IR-06-VT-0987 9-22-95 Sample Pump Outlet 1/2” line
095~
[MFT Meler Feed  |S-350-170-010-03-E [95-IR-06-VT-0880 |B. Holmes -1 [No VT indications noted.
Cooling Coil 95-IR-06-UT-0879 . Gibboas LTI
2795 142"
MFT Melter Feed  [S-350-170-01500-AG95-IR06-VT-0878  |B. Holmes L. [No VT indications noted.
| Agitator 9-25-95
[MFT Meher Feed Ling|257(7 2TP)3 &-mmu-r-ossl P. Gibbons L-1T Blo VT indications noted.
. Jumper -IR-06-VT-0882 24-95 115"
). Elder LI
r-23-9s
[MEFT [Melwr Feed  1(7.2TP)3V (7.6DTO2[95-IR06-VT-0989 [P, Gibbons L-H [No VT indicarions noted.
Return Line B. Holmes L-II
Loop 0 Tank 10-3-95
Janper
MET MFT Sample  [SSX-231-P213-12A [95-IR-06-UT-0898  |B. Holmes -1 J0.093"
Lines 1-8S Nozzle Box & 9-18-95
est Canyon wall.(1)
SRX-181-P213-1/2B
1-S Nozzle Bax &
wall. (2)
MFT Tank $350-170-010-00-T Ps-m-os-ur-osu . B. Elder L-TN [Tank Botom 0.747"
95-IR-06-VT-0875  |J. McCall L-l |Shell 0.495"
9-15-95




AID-QCM-950127

DWPF OUTAGE FA-04 o8 + ssos13
® Page (7] of
Exaem. - 11/6/95
Method inspesctor Thick(s)
Module Component Part 8 Rpt.# Date This Outage
[oGET _ JPump $350-190-028-00  [95-IR06-UT-1046  |P. Gibbons L-11 [intake 0.148"
95-R-06-PT-1045  |J. Elder L-11 et 0.127"
95-IR06-VT-1044  [10-23-95 Sample 0.095”
o VT/PT indications noted.
[oceT Tank $350-190-020-00-T [95-R-06-UT-0886  [P. Gibbons L1l [Tank Botom
' 95-IR-06-VT-0887  [I. Elder L-IT 751"
10-23-95 Shell
489"
VT indicas :
foGeT Sampic Pump  [403(6.4SP)2 95-IR-06-UT-0993 [P, Gibboas L-11 (1) 0.094~
Fumper J.Elder L0 |(2)0.094"
- 110-23-95
[OGCT_ JOGCT Sample [SSX-187-P213-1/2A [05-IR06-UT-0898  |B. Holmes L0 J0.067°
@ Lines 215 Nozzle Bax & 9-18-95
. [West Canyon wall,
SRX-137-P213-1/2B
221-S Nozzie Box &
{Canyon wall
Sample Cell  [SSX 137 and 95-IR06-VT-1043  |B. Holmes L-II
1ine Mezz. SRX 137 -IR-06-UT-1049  |P. Gibboas L-II
Level 10-16-95
[PESFT___JPFSFT to SME [S01(12(11} 17 [95-R06-UT-09%88 |8, Bomes L0 [0.1357
Funpu ' P. Gibboas L-I
10-3-95
@L Primary Off Gas 1S350-190-017-01 195-IR-06-VT-10M P. Gibboas L-II {No VT indications noted,
Line - 10-31-95




DWPF OUTAGE FA-04

AID-QCM-950127
JOoB # 950513

Page [F] of
. Exam. 11/6/95
Method Inspector Thick(s)
Module  Component Part # Rpt.# Dste This Outage
R Sample  [SSX-211-P213-1/2A [95-IR-06-UT-0898  |B. Holmes L .1 K1) 0.093~
; 21-S Nozzle Box & 9-18-95 (2) 0.093"
[West Canyon wall.
SRX-161-P213-1/2B
221-S Nozzle Bax &
[Canyon wall
PR Sample Cell  |SSX 117 and 95-IR-06-VI-1048  [B. Hoimes L-1 [0.097"
LineMezz.  [SRX 161 95-IR-06-UT-1049  [P. Gibbons L-II
Level 10-16-95 Baseline
W ASX(12.1TP)3 95-IR06-VT-1037 [J.ELDER L-l [No VT indications noted.
Jumper P. Gibbons L-II
. |10-3-95
PRBT __ [PRBT Tank  [5999-395.030-10T [05-IR0GUT0892 . Eder L o493
. (RCT Spare Tank)  {95-IR-06-VT-0893 .McCall L-li [Base Line
9-14-95 _
jNo VT indicarions noted.
PVV Header  #129 95-IR-06-PT-08%4 . McCall L-1 |No VI/PT indications noted.
ipi 95-IR06-VT-0895  |J. Elder LTI
North & South Piping ‘
Weds
gnL[m §350-190-01702 ~ [95-R-06-UT-1038 1. Elder .10 J0.376"
-IR-06-VT-1039 [P Gibbons L-II
10-31-95 No VT indications noted,
[RCT RCT Tank  [$350-150-01000-E [95-IRO6-UT-0888 ). Eider LTI [0.772"
- 95-IR-06-VT-0889  |J. McCall L-II
9-12.95 [No VT indications noted.
95-IR-06-VT-1047  {B. Holmes L-1I :
Internals P. Gibbons L-II
10-17-95




AID-QCM-950127
JOB # 950513

DWPF OUTAGE FA-04

Page [T ] o1 [Z]
. Exam. 11/6/95
Method Inspector Thick(s)
Moduls  Component Part # Rpt.# Dats This Outage
SME Sampie Cell  |SSX 121 and |9S-IR-06-V'1‘-1048 B. Holmes L-Tl_[0.097"
I_—‘lm Mezz. SRX 171 95-IR-06-UT-1049  [P. Gibbons L-II
T evel 10-16-95 INo VT indications noted.
SME SME Tank $350-150-030-00-EV [95-IR-06-UT-0855 .Elder L-TH  [Lower Head 0.745"
95-IR-06-VT-0856 . McCall L-T  |Shell 0.491"
95-IR-06-VT-0857 14-95
Intemnals [No VT indications noted.
-IR-06-VT-1051
After Dip Tube Repair
[SME SME Transfer [S350-150-043-60  [95-IR-06-PT-0858 IP.‘ Gibbons L-{i [No PT indications noted.
Pump 9-19.9§
[SME |SME Condenser [S350-150-036-00-E [95-IR-06-UT-0863 1?. Gibboas L-1T [0.196"
. : 95-IR-06-VT-0864 .ELDER L-II
9-13.95 Po VT indications noted.
SME SME Cooling {5350-150-030-02-E |95-IR-06-VT-0865  |P. Gibbons L-1 J0.088" lowest arca Rpt. 'd and area]
oil 95.IR-06-UT-0866  |B. Holmes was repaired.
. 9.12-95
INo VT indications noted,
SME _ [SME Jumper [403(11.35P)2 95-IR-06-UT-0867 .Elder .-l [Left 0.0917
9-10-95 Right 0.094”
SME 95-IR-06-UT-0998  [P. Gibboas LI [0.137
B. Holmes
[9-12-95




AID-QCM-950127

DWPF OUTAGE FA-04 108 & ssos1s
Page (0] or[ /3
Exam. 11/6/95
Method Inspector Thick(s)
Moduie  Component Part # Rpt.# Date This Outage
FME SME Sample  [5350-150-038-00-P [95-R-06-UT-0859  |B. Holmes L.l J0.093" On Sample 172" Line,
[Pump 95-IR-06-VT-0860  |P. Gibboas L-II
95-IR-06-PT-0861 D.Elder L.  [No VT/PT indications noted.
J. McCall LTI
9-14-95
EME SME Agitator  |5350-150-035-00-AG [95-IR-06-UT-0862  |B. Holmes L-1I L(:ﬁa" Lower blads “A"~ ilem n.ﬂ
Blackes J. McCall L-IT repaired.
9-12-95
[SME SME Sample  [SSX-221-P213-1/2A [95-IR06-UT-0898  |B. Holmes L. 1) 0.085" 0 0.118
Lines 221-S Nozzle Box& 9-18-95 (2) 0.097" 10 0.106"
[West Canyon wall.(1)
SRX-171-P213-12B
221-S Nozzle Box &
[Canyon wall (2) ,
[EMECT ~ [SMECT Tank [5350-150-040-00-T [95-IR06-UT-0868 I, Eider L-I0 _ [Tank Botiom 0.862- Shell 0.511
95-R-06-VT-0870  [J. McCall L-IT
95-[R-06-VT-0860  [9-10-95
95-IR-06-VT-1052  |.
After Dip Tube Repair
SMECT __ ISMECT TransfedS350-150-045-00-P |95-IR-06-PT-0871 Ip Gibbons L-II [No PT indications noted.
Pump 9-19-95
SMECT _ |SMECT $350-150-040-02-E |9s-mos-rr-am B. Holmes L'TT [0.139"
ooling Coil -IR-06-UT-0873  [9-19-95
95-IR-06-VT-1070 No VT/PT indications noted.
SRAT __[SRAT Sample |SSX-229-P213-172A [95-IR06.UT-0898 |B. Holmes L. _[(1) 0.080" 0 0.1207
Lines - 221-S Nozzle Box & 18-95 (2) 0.097" 10 0.112"
‘West Canyon wall.(1)
SRX-179-P213-1/2B
221-S Nozzle Box &
yoa wall (2)




DWPF OUTAGE FA-04

AID-QCM-950127
JOB # 950513

. Page - of I 22
Exam. 11/6/95
Method Iinspector Thick(s)
Module Component Part # Rpt.s Dats This Outage
SRAT [SRAT Cooling [S350-150-010-02-E Ps-mos-v?-xoso P. Gibbons L-I |0.140"
Coil 95-IR-06-UT-0851  {J. Elder L-I
9-9-95 0 VT indications noted.
SRAT SRAT - [®.1C)3(102WT3  [95-IR06-VI-0&53 _ [P. Gibbons L1 [ 0.107" 0 0.103"
andensn 95-IR-06-UT-0852 [ ElderL-mI
Jurmper 9-11-95 No VT indications noted.
SRAT SRAT 403 (9.35P)2 [05-R06-VT-0854  [I. Elder LI 0.098"
9.11.95 0.097"
Jumper )
VT indicasi :
. SRAT SRAT (9.10)3-(102WT)3 [95-IR-06-UT-0849 _ |P. Gibbons L-0 |0.19sw.191-
U™ : $l2-95
Section on BASE LINE
SRAT
[Condenser
SRAT [SRAT $350-150-016-00-E [95-IR-06-VT-0850  |P. Gibbons L-1I [No VT indications noted.
Condenser ], Elder L-IT
9.12.95
SRAT SRAT Sample [$350-150-018-00 -IR-06-VT-0847  [B. Holmes L-TI }Sample Line 0,103"
Pump 95-IR-06-PT-0845 . McCall L-II tlet 0.137°
-IR-06-UT-0846 .EMer L-I  [Suction 0.154"
9-10-95 :
JNo VT/PT indications noted.
SRAT __|SRATTank  {5350-150-010-00-EV [95-IR-06-UT-0842  |B. Holmes L-ll |Tank Bottom 0.758"
: -IR-06-VT-0843 ). McCa L-TI {Shell 0.472
(nv) J. Elder L-II
95-IR06-VT-0844  [9-10-9% [No VT indications noted.




AID.QCM-950127

DWPF OUTAGE FA-04 JOB # 950513
Page [/ 3 of
Exam. ‘ 11/6/95
Method Inspector Thick(s)
Moduie Component Part # Apt.s Date This Outage
SRAT SRAT Agitator |Blades 95-[R-06-VT-0848 P Gibbons L-I [No VT indications noted.
05
SRAT SRAT A Ammonin§3s0-150-019-00-V  [95-R-06-VT-0997  [B. Holmes LIl [No VT indications noted.
Scrubber P Gibboas L-1I
9-8-95
SRAT Sample Cell  [SSX 221 and 95-IR06-VT-1048  |B. Hoimes L-1 0,102
|Line Mezz, SRX 179 95-IR-06-UT-1049 . Gibbons L-II
Level " [10-16-95 :}"o VT indications noted.




ATTACHMENT 4

INTER-OFFICE MEMORANDUM

SAVANNAH RIVER SITE
' OPS-DTE-950145
Key words: DWPF
TO: W.D. Kerley, 704-258 FROM/ 1. T. Gee, 704-25S
CC: S.F. Piccolo, 704-S DATE: November |7, 1995

E. J. Freed, 704-258

SUBJECT: Removal of Test Inspection Requirements from the FA-04
Test Plan (U)

Per the FA-04 Test Plan, you are authorized to delete the requirements of inspection
activities that are ranked “3” (i.e. “non-intent change to test plan™). Based on review of
Attachment I of the FA-04 Test Plan (i.e. “Inspection Activities to Support FA-04"),
several activities with a ranking of 3" could not be performed. These inspection
activities are listed below along with an explanation as to why these activities were not
performed. If you agree with removing these activities from the FA-04 inspection
requirements, please sign the concurrence block at the end of this letter.

1 SRAT Condenser to FAVC Vent Jumper

Technical Justification: The subject jumper is no longer in the process.
2)  SRAT Ammonia Scrubber (UT data not performed)

Technical Justification:

Remote video inspection of the SRAT scrubber indicated that the vessel walls were in
excellent condition with no evidence of localized corrosion. The scrubber is fabricated
from 316L stainless steel which has excellent resistance to dilute nitric acid as expected
in the SRAT scrubber (Reference: ASM Handbook of Corrosion Data, page 378) service
environment. For these reasons, it was concluded that there was no need to perform the
UT on the vessel walls. Given the low expected corrosion rates, wall thinning would not
be measurable. UT data was collected on the SMECT sample pump and vessel which are
also fabricated from 316L stainless steel and have a similar chemistry to the scrubber.
The elimination of the UT data would prevent the need to remove the SRAT ammonia
scrubber from service. '



3) Formic Acid Vent Condenser (FAVC)
Technical Justification:

The FAVC was removed from service and replaced with a reworked spare unit. It was
concluded that a formal inspection of the vessel was not justified. This was based largely
on the short exposure of the equipment (i.e. about 6 months) and the low risk of corrosion
for the FAVC. The FAVC s fabricated from 3 16L stainless steel which has excellent
resistance to formic acid at all concentrations up to ambient temperatures and upto 5 %
formic at atmospheric boiling (Reference: ASM Handbook of Corrosion Data, page 277).
Given the low temperatures and formic concentrations expected in the condenser,
corrosion should not be an issue and the need for the inspection could be waived.

4) SAS Vessel / HEME Vessel
Technical Justification:

To minimize the cost and schedule impact to DWPF, Management requested that credit
be taken for IDMS inspection activities wherever technically justified. DWPF-E
personnel concluded that recent inspection of the IDMS SAS and HEME equipment
could be used in lieu of DWPF planned inspections. This approach was approved by the
DWPF Materials Committee.

The IDMS inspections downstream of the quencher confirmed that corrosion was
insignificant. This was based on both visual inspections and review of coupons placed in
the IDMS SAS and HEME vessels. Given the longer service exposure for the [IDMS
components and the lack of corrosion evidence, it was concluded that there was no need
to perform the inspections at DWPF.

Taking credit for the IDMS off-gas inspections eliminated the need at DWPF to either
remove equipment for inspection or build access scaffolding. This saved both cost and
schedule impact, without significant loss of technical information.

Concurrence By:

AN Y1/15

W. D. Kerley, DWPF-E




APPENDIX 1

DWPF FA-04.03 FIELD COMPLETION REPORT

SALT PROCESS CELL (SPC)

PROCESS VESSELS EROSION/CORROSION STUDIES

PREPARED BY: J.T.Gee, DWPF-E

DATE PREPARED: February 1, 1996



DWPF STARTUP TEST FA-04.03
PROCESS VESSELS EROSION/CORROSION STUDIES

Summary / Conclusions

Required field work and data collection for the FA-04.03 test program, “Process Vessels
Eroston/Corrosion Studies,” for the Salt Process Cell (SPC) has been completed. Test
results indicate that erosion/corrosion of SPC process equipment is not a concern and the
existing SPC equipment, with two exceptions (i.e. PR and PRFT sampie pump dip tube
assemblies), will achieve its “design life” and will be acceptable for radioactive
operation. This is based on evaluation of corrosion coupon data removed from the
Precipitate Reactor (PR) as well as UT and VT data obtained on various components of
SPC plant equipment. A final detailed report will be issued next two months with
combined input from both DWPF and SRTC and will include results from al]l DWPF
materials evaluation testing.

Introduction / Objective

The FA-04.03 test program, Process Vessel Erosion/Corrosion Studies, has been
comnpleted for the Salt Process Cell (SPC). An earlier report was issued for the Chemical
Process Cell which included all non-SPC equipment included in the test program.

The objective of the FA-04.03 test program was to collect process data and perform field
inspections on critical SPC equipment. This test phase is a follow-up to the FA-04.01
evaluation, Process Vessels Erosion/Corrosion - Baseline, reported in 1992. The current
inspection data will be used in conjunction with the baseline data to determine the
suitability of DWPF equipment for radioactive operation. This work has now been largely
completed. This document provides preliminary findings which demonstrate that existing
equipment is suitable for radioactive operations. In addition, this report provides
objective evidence that the inspection activities defined in the FA-04 Test Plan (i.e.
Attachment | in the Test Plan) have been performed. A final report will be issued by
April ‘96 with combined input from both DWPF and SRTC on all materials evaluation
studies performed at DWPF (i.e. Test Programs FA-04, FA-05, etc.).

While this is not a final report with all of the supporting data, sufficient review of
individual inspection reports and field data has been performed to ensure that existing
SPC plant equipment is adequate for radioactive operations.

Objective Evidence that Test Requirements Have Been Completed

The FA-04 Test Plan required that certain equipment field inspections and process data
collection be performed. The required work has been completed as outlined in the
following paragraphs.

All of the planned field work for the FA-04.03 test program has been completed. This is
documented in Attachments 1 and 3 for the SRTC materials inspections and NDE
inspections respectively.



DWPF STARTUP TEST FA-04.03
PROCESS VESSELS EROSION/CORROSION STUDIES

Collection of equipment run-time and operating speed data was performed for selected
process pumps and agitators. Run-time data was based on a combination of manual logs,
PIMS data and estimates based on operating logs. This is due to recent PIMS upgrades.
Some PIMS historical data was available. Data on equipment operating speed was not
available through PIMS, so it was limited to that obtained on manual operating logs
during the 1993/1994 test phases. Most of the operating speed data can be obtained or
estimated from knowledge of plant operating conditions. For example, the PR and PRFT
agitators operate at fixed rpm, so speed is readily known.

Chemical data was collected on process streams per the FA-04 test requirements. In
regard to the SPC, this included the PR feed and PR product. Since the primary concem
was for corrosion, the solution pH and level of aggressive ions was monitored.

Assessment of Predicted Equipment Life

Inspection results indicate that with two exceptions, outlined below, all of the SPC
equipment will achieve its “design life” and will be acceptable for radioactive operation.
Design life for the subject equipment is defined to be (Ref. 1):

1) Twenty years for permanent piping system (i.e. sample lines, etc.)

2) Twenty years for major process vessels (i.e. tanks, etc.)

3) Five years for replaceable equipment such as pumps, coils and agitators

4) One year (minimum) for replaceable “on-site fabricated equipment” such as
process jumpers

Attachment 2 provides a list of all SPC equipment detailing the cumulative service
exposure to date and the “predicted additional service life” remaining. Note that these
estimates are based on the consensus opinions of members on the DWPF Materials
Committee. With the exception of the PR and PRFT sample pump dip tube assemblies,
all of the equipment should match or exceed its design life basis. The “predicted
additional service life” estimates reported in Attachment 2 take credit for rework to the
dip tube assemblies (Attachment 1, Item of Note, No 1). This required rework would
likely include additional supports or cross braces between the dip tube piping. Without
the rework the life of the equipment would be significantly below that reported in
Attachment 2.

Preliminary Inspection Results

General statements concerning the equipment inspection results are provided in the
following paragraphs.

Six process tanks were inspected for evidence of corrosion. None of the tanks showed
evidence of localized corrosion. This was based on remote visual inspections of the tank
interior. Measurements on wall thinning could not be performed due to double wall tank
design for these vessels.



DWPF STARTUP TEST FA-04.03
PROCESS VESSELS EROSION/CORROSION STUDIES

Corrosion of the SPC equipment was found to be negligible, confirming the appropriate
selection of material. The suitability of the materials of construction was confirmed by
both direct inspection of the equipment and by evaluation of corrosion coupons.

Analytical testing of the process streams during cold run testing demonstrated that the
process chemistry was largely bounded by test solutions used to select materials of
construction (Ref. 2). This implies that criteria used to select the materials are still valid.

Problems had been detected earlier with mechanical fatigue at welds in the SMECT
process pumps. While the SMECT pumps are of a different design than used for the SPC
process pumps, several critical welds on the PR sample pump were examined to
determine if fatigue damage had occurred. PT testing confirmed that four of the eight
welds showed reportable indications . For this reason, the PRFT sample pump (identical)
and the PRFT transfer pump were pulled for weld inspections. PT testing on the PRFT
sample pump confirmed reportable indications on two of eight welds. (All of the
indications were on welds contained in the dip tube assemblies.) None of the five welds
examined on the PRFT transfer pumps had a positive indication from the PT testing. An
NCR (96-NCR-05-0030) was issued to track the repair of the dip tube assemblies.

As a result of concemn over possible mechanical fatigue damage, Operations requested
that PT examinations be performed on four themowells and two dip tube jumpers (listed
on Attachment 1). The connecting weld between the block and the extending member
(i.e. dip tube or thermowell) was examined by PT and there were no reportable
indications.

References: 1) S. M. Nordwick and D. B. Bickford, “Initial Comments and
Recommendations for the DWPF Process Vessels Erosion and
Corrosion Studies,” March 29, 1990.

2) W. D. Daugherty, “Evaluation of Potential for Materials
Degradation of DWPF Safety Class and Safety Significant
Components,” WSRC-TR-95-0385, Rev. 0, September 1995.
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ATTACHMENT 1 - ITEMS OF NOTE

No. 1: PR and PRFT Sample Pumps

During PT and VT (NDE) inspections performed on the Precipitate Reactor (PR) and
Precipitate Reactor Feed Tank (PRFT) Sample pumps, evidence of fatigue damage at
welds was discovered in the dip tube assemblies. PT indications were noted on 4 of 8
welds on the PR sample pump and 2 of 8 welds on the PRFT sample pump. An NCR, 96-
NCR-05-0030, was issued to track repair or replacement of the dip tube assemblies.

No. 2: PR Coupon Racks

Corrosion coupons were removed from the vapor space and the liquid space of the
Precipitate Reactor Tank (PR) after 12-18 months of exposure during cold runs and
mercury runs. The coupons consisted of nickel-based alloys C-276, C22, G30, Inconel
625, and Stellite 6. The types of coupons were flat coupons with Teflon crevice washers,
galvanically coupled coupons, and U-bend coupons. Several coupons contained
autogeneous welds. Specimens were cleaned and evaluated using ASTM standard
practice G 1-90.

The examination of the corrosion coupons from the PR tank revealed no evidence of
significant general corrosion, localized corrosion, galvanic corrosion, or stress corrosion
cracking. The coupons were coated with a thin brown layer after being removed from the
tanks. The layer was easily removed from most of the coupons during cleaning, however,
a heavy stain remained after cleaning on the coupons exposed in the liquid space.
Corrosion rates for all coupons based on 12 months exposure were less than 0.1 mils per
year (mpy). The maximum corrosion rate measured for the material of construction for
the PR tank, alloy C-276, in the liquid and vapor region was 0.02 and 0.1 mpy,
respectively.

No. 3: Thermowell (16TW)

Inspection of one of the C-276 dip tubes, 403(15.2EV)12, revealed a pronounced bend in
the lower assembly. This bend in the dip tube occurred as a result of mechanical damage.
The block connecting weld was examined by PT and no indications were found. It was
suggested that the dip tube could be reworked by “cold straightening.” No reduction in
service life for the component is expected.
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ATTACHMENT 3

Quality Control AID-QCM- 960011

S Condition Report JOBNO: $950807

Retention: 2 Years

Keywords: Tanks

Distribution J

J. T. Gee, 704-255 ** Algir::g:

S. F. Piccolo, 704-S Pump

W. D. Kerlay, 704-258

E. J. Freed, 704-25S . D. G. Bevard, A&IQ, 703-A

K. R. Jones, 704-26S O. L. Gaston, A&IQ/QC, 730-A

P. Smock, A&IQ/QC, 730A R. E. Sprayberry, A&IQ/QC, 730-A
W. R. Hinz, A&IQ/QC, 730A 730-A QC Files

Viad Cech, A&IQVQC, 730A
M. W. Trimm, ARIQ/QC, 730A
A. Reynoids, A&IQ/QC, 730A
J. Elder, A&IQ/QC, 730A

Page: 10f 3 _ Date: 1/11/96
[Reported By: Inspactars/Laval:
J. G. Dickinson O‘;b& J. Eider L-llf (UT) L-Il (VT & PT), P.Gibbons LIl (VT, PT& UT)
Equipment Examined: ]
Jumpers, Tanks, Pumps, Agitator Blades , see attached pages 2 and 3
LCocation: IP, IDP, Pipe, Part #:
221-8 See attached pages 2 and 3
Date of Examination: Time in Service:
See attached pages 2 and 3 ~2 Years
[Service Candition: Materials of Construction:
NA Stainless Steel
, Hastelloy
NCR Number (if applicable):
NA

Inspection Procedure (number and title): :
NDEP 4.1 General Visual, NDEP 6.1 Liquid Penetrant & NDEP 7.1 Ultrasonic Thickness Examination

Acceptance Criteria/source):
NONE PROVIDED BY CUSTOMER

Inspection Summary:

Administration & Infrastructure Quality (Formally Site Services Quality), utilized the following nondestructive
examination methods during outage FA-04-Phase 2: liquid penetrant, visual and ultrasonic thickness . The
examination methods, report numbers and inspectors are listed in table 1 of this report. The examinations
performed during this outage utilized the same techniques and examination methods during the collection of the
base line data. Variations in the baseline data and this report are attributed to the refinement of ultrasonic
equipment, calibration techniques and the advancements in ultrasonic transducer technology for specialized
applications such as wall thickness measurement of small diameter tubing. No significant erosion or corrosion
conditions were detected during this outage. This report is issued as a “Condition Report”™, since no
accepuance criteria was provided. The responsible systems engineer will be required to determine the final
acceptability of all items listed in this report. Copies of all individual NDE reports were provided to the FA-04
Test Coordinator with copies maintained in our files listed under Job # S350807.

** Attachments vs AT




DWPF OUTAGE FA-04-P2

JOB # §5950807

Exam.
’ Method Inspector Thick(s)
Module Component Part # Rpt.# Date This Outage
|MFT MFT Agitaror |5999-170-015-00AG [95-IR-06-VT-1118 M. Trimm L-1II |Linear indications, wear &
95-IR-06-PT-1117 11-29-95 physical damage noted during
J. B.Elder L- |(VT) visual examination.
11-29-95 Linear indications detected during
VT examination, area repaired and
passed PT,
|OE QOE Vessel $355-150-030-00-T (95-IR-06-VT-1178 P. Gibbons L-II |No indications noted during (VT)
(Intemals) J. B. Elder L- {Visual examination.
Video Tape # 12-31-95
FA-04-#4
OECD OCED Vessel }5355-150-036-00-E  |95-IR-06-VT-1185 P. Gibbons L-II |No indications noted during (VT)
(Internals) J. B. Elder L-TT |Visual examination.
12-31-95
Video Tape #
FA-04-44
OECT OECT Vessel [$355-150-050-00-T [95-IR-06-VT-1179 P. Gibbons L-1I |No indications noted during (VT)
(Internals) J. B, Elder L-l |Visual examination.
Video Tape # 12-31-95
FA-04-#4
|PR PR Sample §-355-150-028-00-P {95-IR-06-VT-1173 P, Gibbons L-II [No indications noted during (VT)
Pump 95-IR-06-PT-1174 1. B. Elder Yisual or (PT) liquid penetrtant
95-IR-06-UT-1175 L-I/IIX examination. No evidence of walil
12-28-95 & thinning noted
12-29-95
PR PR Sample 401(16.4SP)2 95-IR-06-VT-1191 P. Gibbons L-II |No indications noted during (VT)
Discharge 95-IR-06-UT-1192  |J. B. Elder Visual or apparent wall thickness
Jumper L-/ loss during (UT) ultrasonic
Video Tape # 12-30-95 thickness examination, Readings;
FA-04-#4 0.010" higher than base line data.
[PR PR 1o SCYVC  [(15.1C)12-(14.1C4  [95-IR-06-VT-1189  [P. Gibbons L-II |[No indications noted during (VT)
Jumper 95-IR-06-UT-1190  |J. B. Elder Visual or apparent wall thickness
L-/ia loss during (UT) ultrasonic
Video Tape # 12-29-95 thickness examination. Sample
FA-Q4-#4 lines not inspected due to
accessibility.
1/11/96 Page 3 of 3




DWPF OUTAGE FA-04-P2

JOB # 5950807

Exam.
Method Iinspector Thick(s)
Module  Component Part # Rpt.# Date This Outage
|PR PR to PRCD (15.1C)3-(16)7 95-IR-06-VT-1187 P. Gibbons L-II |No indications noted during (VT)
Jumper 95-IR-06-UT-1188 J. B. Elder Visual or apparent wall thickness
L-I10 loss during (UT) ultrasonic
Video Tape # 12-29-95 thickness examination.
FA-04-#4
|PR PR Agitator 5355-150-025-00AG ]95-IR-06-VT-1176 P. Gibbons L-II |No indications noted during (VT)
12-29-95 Visual examination.
|PR PR Vessel §355-150-020-00-T |95-IR-06-VT-1177 P. Gibbons L-1I [No indications noted during (VT)
(Internals) J. B.Elder L-IT |Visual examination.
Video Tape # 12-31.95
FA-04-#4
PRCD [PRCD Vessel [$355-150-026-00-E  [95-IR-06-VT-1186 P. Gibbons L-II |No indications noted dunng (VT)
(Internals) J. B.Elder L-IT |Visual examination.
12-31.95
PRFT PRFT Sample [5-355-150-068-00-P {95-IR-06-VT-1181 P. Gibbons L-II |Linear indications noted during
Pump 05-IR-06-PT-1182 J. B.Elder L-Il [(PT) liquid penetrtant
12-30-95 examination.
System Eng, Notified of
condition, unsure of course of
action, NCR, repair etc.
[PRFT PRFT Transfer |S8-355.150-061-00-P {95-IR-06-VT-1183 P. Gibbons L-II |No indications noted during (VT)
Pump 05-IR-06-PT-1184 J. B. Elder L-II |Visual or (PT) liquid penetrtant
12-30-95 examination,
PRFT PRFT Vessel  [5355-150-060-00-T |[95-IR-06-VT-1180  |P. Gibbons L-II [No indications noted during (VT)
(Internals) Video Tape # J. B. Elder L-II |Visual examination,
FA-O4-#4 - 112-31-95
1/11/86 Page 3 of3
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NDE SUMMARY REPORTS



APPENDIX 2

Quality Control AID-OCM- 950127
S Condition Report JOBNO: 5950513

Retertion: 2 Yoars

Keywords: Tanks
Jumper

. Gee, 704-255 Coils

. Piccolo, 704-S8 - Pump
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Page: tof 12 Date: 11/16/85

InspeciraLevei:
R. F. Hoimaes L-Il (VT, PT & UT), J. Eilder L-fll (UT) L-Il (VT & PT),

{(number and title):
NDEP 4.1 General Visual, NDEP 8.1 Liquii Penetrant & NDEP 7.1 Ultrasonic Thickness Examination
Acceptance Critena/source):
NONE PROVIDED BY CUSTOMER

Inspaction Summary:
INTRODUCTION-

Administrative & Infrastructure Quality (Formally Site Sexvices Quality), utilized the following nondestructive
methods during outage FA-04: liquid penetrant, visual, ultrasonic and radiography. The examination methods,
report aumbers and inspectaors are listed in table 1 of this report. Previous report numbers and results are also
provided in table 1. This report is issued as a “Condition R ", since no acceptance criteria was
provided. Mmsponﬁbksymengimwiﬂbemquhedmdaanﬁnemeﬁnﬂmmbﬂjwofdlitem
listed in this report. This is the final report, copies of all individual NDE reports were ided to the
FA-04.02 Test Coordinator and are also maintained in our files listed under Job # $950513. Radiography test
results are contained in Job file numbers $950640, S950641, 950645 and S950646,

NS hikSns




Quality Control DG 950127
S Condition Report JOBNO: S950513
' Page: 2 of 12
Date:  11/16/95

inspection Summary Cont.:

INSPECTION METHODOLOGY

The examinations performed during this outage were done utilizing the same techniques and examination
methods during the collection of the base line data. Some examinations were in fact base line data and therefore

could not be compared with previous data.
DATA COMPARISON/RESULTS

Smail Bore Piping

A comparison of the ultrasonic thickness data from the small diameter piping, obtained during the recent outage,
and the baseline daa (1990) indicated a decrease in thickness of 0.010 - 0.020". Data point correlaton was
lexcellent on both large and small diameter components. The apparent change in thickness prompted an in-depth
analysis of the data on the small diameter components. The baseline data reports were reviewed to determine if
technique or equipment factors contributed to the difference. The baseline technique and calibrations were .
reproduced using the same type of equipment used during the baseline examinations. A comparison was then
performed where the baseline technique and three currently used techniques were used to measure the same
component. The baseline technique consistently provided 0.008 - 0.012" thicker readings.

The differences are attributed to:

* The advancements in ultrasonic transducer technology for specialized applications such as wall thickness

measurement of small diameter tubing.

* The refinement of ultrasonic equipment and calibration techniques.

Based on the technique comparison data, we determined that a correction factor of 93% was needed to make the
i i to the baseline data. The correction factor was applied to the baseline data in the

appropriate comparisons : on Sel
ultrasomic thickness plots (1 & 2). With the exception of limited areas of the SME coil piping, the remaining -
piping shows no reduction in wall thickness. :

Tanks

Comparison of the process tank data shows virtually no change.

Radiography of Sample Line Components

Radiographs for the SME and MFT (pump) sample line “pick-up points” were compared to similar radiographs
taken in 1990. The comparison reveals no apparent erosion /corrosion which would effect the sample &
Wcharactaistics going to the analytical sample cell. Radiographs were also performed for the SME and MFT
Hydragard liquid samplers. Results showed no apparent erosion/corrosion which would effect sample
characteristics.

Systems Overall Condition

Other than the wall loss in SME coil no significant erosion or corrosion conditions were detected during this
outage.




AID-QCM-350127

Job# 5950613
Page 2 of 12

Data coliected using several different UT Equipment combinations. The 260L data was collected in the
same manner as the baseline data. The Sonopen. DA312, and SMhz Deiay tip data were ail collected using
2 USN 50 UT scope (EQ. used in 5/95)

The data was collected on a 1/2" schedule 40. Stainless steel pipe section that included an elbow.

The 26DL (Digtal Thickness Gauge} data congistently reads thickner than actual thickness.
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DWPF OUTAGE FA-04

AID-QCM-950127
JOB # 950513

® Page [ ] of
Exam. 11/6/95
Method inspector Thick(s)
Module  Compenent Part ¢ ‘Rpt.# Dates This Outage
DC iter Decon |S360-600-030 Ps-mos-vr-loss . Gibbons L-IT [No VT indications noted.
# 11-7-95
DC iter Decon [5360-600-060 [95-R-06-VT-1059  [P. Gibboas L-T [No VT indications noted.
L2 11-7-95 :
DC irculati S360-600-033-00-P |9s-mos-vT 1060  |P. Gibbous L-i J0.135" o 0.209"
Decon #1 95-IR-06-UT-1061  |B. Holmes L-TI }0.430" to 0.452"
95-R-06-PT-1062 ° |11-6-95
[coc [CDC Jumper  [358(23CD)12 95-R06-VT-1063 [N Elder L-I0_ J0.100~
. 95-IR-06-UT-1067  |B. Holmes L-II
11-2-95 VT indications noted.
[coc |CDC Jumper  [359(23CD)13 95-IR-06-VT-1064 ). Eider -1 J0.181"
95-IR-06-UT-1068  |B. Hoimes L-II
11-2-95 [No VT indications noted.
fcDC [CDC Jumper  [357(23CD)11 [95-IR-06-VT-1065 | EderL-T0  [0.111"
95-IR-06-UT-1066  (B. Holmes LI
11-2-95 VT indications noted.
[LPPP___JLPPP Precipim5511-050020-00 |95 IR06-UT0890 [P Gibbous L J0.471" Bascime
Tank 95-IR-06-VT-0891  |J. Eder L-IT
J. McCall L-I
9-9-95 [No VT indications noted.




AID-QCM-950127

DWPF OUTAGE FA-04 Jo3 # ssests
P pase 27 o( [T
Exam. 11/6/95
Method inspecior Thick(s)
Module . Component Part # Rpt.# Date This Outage
[LPPP Sludge [S511-010-020-00-T [95-IR-06-UT-0986  |P Gibbons L-II J0.493" Baseline
Taok 95-IR-06-VT-1069  |B. Hotmes L-II
10-11-95 VT indications noted.
[MFT | Loop to [(7.1TP) 3Y (7.6DT) 1I9s-m4)s-wm B. Holmes L-I [No VT indications noted.
Tank Jumper [P. Gibbons L-1I
10-3-95
[MET [MelierFeed  [(7.6DT) IR-06-VT091 |B. Holmes L1l [No VI/PT ndications noted.
1oop #1 DT 95-IR-06-PT-0992  [P. Gibbons L-II '
Assembty -110-3-95
Sample Pump 3SP2 [o5-R06TT-0883 P, B. Edder L-M 0.092"
o Discharge 24-95
Tumper
MFT Melter Feed #1 [(7.1TP) 3X (North) [95-R-06-V1-0884 |B. Holmes L1l [Bascline
oop Line P. Gibbons L-II
: Strainer 9-26-95 VT indications noted.
[MFT Meiter Feed #2 [(7.1TP) 3X (South) |95-IR-06-VT-0885  |B. Holmes L.l [Baseline
Loop Line . Gibbons L-II
Strainer 26-95 [No VT indications noted.
[MFT Melter Foed  [S-350-170-011-00-P [95-IR-06-VT-0994  |B. Hotmes L-II |Suction Line 0.151"
PP\nnp #1 -IR-06-UT-0995 . Gibbons L- [Discharge Line 0.141” Reumn
95-IR-06-PT-0996 2795 Line 0.146"
Return Line 0.124"
Baseline
No VT/PT indications noted.




AID-QCM-950127

DWPF OUTAGE FA-04 108 s ssusts
Page[E ] of
. Exam. 11/6/95
Method Inspector Thick(s)
Module Component Part # Rpt.# Date This Outage
[MFT____ JMelter Feed  [S-330-170-01800  |95-IR-0G-PT-0876 [P, Gibbons L1 [inGke 2* Line 0.144"
Sample Pump 95-IR-06-UT-0877  |J. Elder L-IIl 11/2" Line 0.115"
95-R-06-VT-0987  [9-22.95 Sample Pump Outlet 1/2" line
095"
MFT MelierFeed  [S-350-170-010-03-E [95-IR06-VI0830  |B. Holmes L0 [No VT ntcations nowd.
ing Coil 95-IR-06-UT-0879 [P, Gibboas L-1I
27-95 142"
pMET Melter Feed  [S-350-170-015-00-AGJ95-IR06-VI-0878 |'B. Holmes L-T [No VT indications noted.
Agitator 9-25-95
MET [Melter Feed Line]257(7.2TP)3 95-IR-06-UT-0881  |P. Gibbons L E‘o_ﬁmdmnons noted.
. Tumper 95-IR-06-VT-08%2 2A4-95 115"
\ 1. Elder LT
9-23-95
MFT Melwer Feed wa.zmsv (7.6DT0)2]95-IR-06-VT-0989 |P. Gibbons L-IT [No VT indications noted.
Return Line B. Holmes L-IT
Loop 0 Tank 10-3-95
U amper
MFT MFT Sampie  [SSX-231-P213-1/2A [95-R06-UT-0898  |B. Holmes L-l 0.093"
Lines 1-S Nozzle Box & 9-18-95
est Canyon wall(1)
SRX-181-P213-1/2B
1-S Nozzie Box &
wall. (2)
MET Tank $350-170-010-00-T [95-R0G-UT-0874 |, B. Edder L-T |Tank Botiom 0747
95-IR-06-VT-0875 |1 McCall L- |Sheil 0.495"
9-15-95




DWPF OUTAGE FA-04

AID-QCM-950127
JOB # 950513

Page [T] of
Exam. | 11/6/95
Method Inspector Thick(s)
Module  Component Part 8 Rpt.# Date This Outage
[oGCT__ TPump S350-190-028-00  [95-IRO6-UT-1046  |P. Gibbons L-II [intake 0.148"
95-IR-06-PT-1045  |J. Elder L-TI tlet 0.127"
95-IR-06-VT-1044  |10-23.95 Sample 0.095"
o VT/PT indications noted.
[oGcT Tank $350-190-020-00-T [95-IR06-UT-0886  [P. Gibbons L-I [Tank Bottom
95-IR-06-VT-0887  |J. Elder L-II 751"
10-23-95 Shell
, 489"
[occT [Sample Pump  [403(6.4SF)2 95-IR-06-UT-0993 E Gibbons LTI K1) 0.094~

-110-23-95

J. Edder L-II 2) 0.094™

OGCT Sampie [SSX-187-P213-1/2A [9S-IR-06-UT-0898
Lines

B. Holmes L-IT [0.087"

221-S Nozzle Box & 9-18-95
['West Canyon wall.
SRX-137-P213-1/2B
221-S Nozzle Box &
[Canyon wall
Sampie Cell  [SSX 137 and 95-IR-06-V1-1048  |B. Hotmes L-Il [0.102"
Line Mezz.  |SRX 137 R-06-UT-1049  |P. Gibboas L-1I {Basetine
[Leved 10-16-95 .
[No VT indications noted.
[PESFT__JPFSFT 1o SME |S01(12)-(11)-17 957 IR-06-UT-0988 _ |B. Holmes L-Il 10.139"
Jumper ‘ P. Gibbons L-II
10-3-95
[POGL Primary Off Gas[S350-190017-01 _ [95-IR06.VI-1071 _ |P. Gibbons L-TI JNo VT indications noted.
Line - 10-31-95




AID-QCM-950127

DWPF OUTAGE FA-04 JOB # 950813
. Page of
. Ellm. 11/6/95
Method Inspector Thick(s)
Module Component Part & Rpt.# Dats This Outage
ER PR Sample SSX-211-P213-12A [95-IR-06-UT-0898 B. Holmes L-I kl) 0.093"
Lines 221-5 Nozzle Box & 9-18-95 (2) 0.093"
‘West Canyon wall.
SRX-161-P213-1/2B
221-S Nozzle Box &
yon wall
PR Sample Cell SSX 117 and [95-IR-06-VT-1048 B. Holmes L-IT 10.097"
Line Mezz. SRX 161 95-IR-06-UT-1049  |P. Gibbons L-IT
Level ] 10-16-95 i

~
&
n
g
-

ASX(12.1TP)3 95-IR-06-VT-1037 U.ELDERL-I Fﬂo VT indications aoted.
Jumper P. Gibbons L-0
-|10-3-95

T PRBT Tank  [$999-395-030-10-T [95-IR-06-UT-0892 |U.Elder LT J0.493"

. (RCT Spare Tank)  [95-IR-06-VT0893  |J. McCall L-II Line
9-14-95 _
VT indicag |

PVV Header 129 95-IR-06-PT-0894 . McCall L. [No VI/PT mdications nowd.
ipi 95-IR-06-VT-0895  {J. Elder L-I

& South Piping
Weids
Primary. [$350-190-017-02 lg,"“‘m""?" I;v Elder L-T 376~
E!Q: -IR06-VT-1039 [P Gibbons L-IT
10-31.95 VT indications noted.
RCT__ IRCT Tank $350-150-010-00-E [95-IR06-UT-0888 D). ElderL-I0 _ J0.772"
‘ 95-R-06-VT-0889  [|J. McCall L-11
9-12.95 No VT indications noted.
95-IR-06-VT-1047  |B. Holmes L-1I :
Internals P. Gibboas L-11
10-17-95




AID-QCM-.950127

DWPF OUTAGE FA-04 108 & ss0s13
® Page [T ] o1 [}
Exam. 11/6/95
Method Inspector Thick(s)
Module  Component Part & ‘Rpt.# Dats This Outage
[SME Sampie Cell  [SSX 121 and G5-IR06-VI-1048 |B. Holmes LIl [0.097"
Line Mezz. SRX 171 95-IR-06-UT-1049  [P. Gibbons L-II
Level 10-16-95 No VT indications noted.
[SME SME Tank $350-150-030-00-EV [95-IR-06-UT-0855  |.Elder L-I1 _ [Lower Head 0.745"
_ 95-IR-06-VT-0856  [J. McCall -  [Shell 0.491"
95-IR-06-VT-0857 14-95
Internals INo VT indications noted.
9S-IR-06-VT-1051
After Dip Tube Repair
[SME SME Transfer [$350-150-043-60  [95-IR-06-PT-0858 IP.‘ Gibbons L-IT [No PT indications noted.
[Pomp 9.19-95
FME SME Condenser 1S350-150-036-00-E [95-IR-06-UT-0863 _ |P. Gibbons L-11 |0.196°
o - [o5R06-VT0864 |1 ELDERL-T
9-13-95 [No VT indications noted.

FME ‘szﬂa Cooling

$350-150-030-02-E &-IR-OGVT-OSGS

. Gibbons L-IT }0.088" lowest area Rpt.'d and area)

-IR-06-UT-0866 B. Holmes 'was repaired.
1295
[No VT indications noted.
SME SME Jumper  [403(11.35P)2 [95-IR-06-UT0867 |I. EdderL-Tl  [Lent 0.091"
9-10-95 Right 0.094"
SME [95-R-06-UT-0998  [P. Gibbons L1 [0.137"
B. Holmes
9-12-95




AID-QCM.950127

DWPF OUTAGE FA-04 JOB # 950813
. Page or /3
Exam. 11/6/98
Method Inspector Thick(s)
Moduls  Compenent Part # Rpt.# ~ Date This Outage
EME SME Sampie  [S350-150-038-00-P [95-IR-06-UT0859  |B. Holmes -l 0.093" On Sample 172~ Line
Pump 95-IR-06-VT-0860  [P. Gibboas L-I
95-IR06-PT-0861 |l Elder L-  [No VT/PT indications noted.
J. McCail LTI
9-14-95
SME SME Agitator  [S350-150-035-00-AG [95-IR06-UT-0862  |B. Holmes L-T1 | 0,033~ Lower blade “A” item hias]
Blades J. McCall L-0 Lem repaired,
9-12-95
SME SME Sample |SSX-221-P213-1/2A [95-IR-06-UT-0898  |B. Hotmes L-I |(1) 0.085" 10 0.118"
i 221-S Nozzle Box& 9-18-95 (2) 0.097" 10 0.106"
'West Canyon wall (1)

SRX-171-P213-172B
221-S Nozzle Box &

[Canyon wall (2) _
|SM:E.C1‘ SMECT Tank  [S350-150-040-00-T .Elder L-l  [Tank Bottom 0.862" Sheil 0.5117
. . McCall L-IT
10-95
SMECT I SMECT Transfed§350-150-045-00-P [95-IR-06-PT-0871 P. Gibbons L-II [No PT indications noted.
Pump 9-19-95
SMECT SMECT 5350-150-040-02-E  |95-IR-06-PT-0872 B. HolmesL'T [0.139"
ing Coil -IR-06-UT-0873 9-19-95
95-IR-06-VT-1070 No VT/PT indications noted.
SRAT SRAT Sample [SSX-229-P213-1/2A [95-IR-06-UT-(898 E Holmes L-T (1) 0.080" to 0.120"
Lineg - 221-S Nozzle Box & 18-95 (2) 0.097" 10 0.112"
‘West Canyon wall (1)
SRX-179-P213-1/2B
221-S Nozzle Box &
yoa wall (2)




DWPF OUTAGE FA-04

AID-QCM-.950127
JOB # 950513

Page [7] ot[2]
. Exam. 11/6/95
Method Inspector Thick(s)
Module  Component Part # Rpt.# Date This Outage
SRAT SRAT Cooling |S350-150-010-02-E [95-IR-06-V T-1050 . Gibbons L-1I 0.120"
oil 95-IR-06-UT-0851 . Elder L-II
9-9-9§ 0 VT indications noted.
SRAT SRAT - 9.103-(102WT)3  [95-IR06.VT0853 . Gibbons L-IT | 0.107" 1 0.103"
Candenser 95-IR-06-UT-0852  UJ. Elder L-TII
Jumper 11-95 [No VT indications noted.
SRAT SRAT [403 (9.3SP)2 95-IR-06-VT-0854  |J. Elder .- 0.098* -
9.11.95 ight 0.097
Jumper .
SRAT SRAT (9.10)3(102WT)3  [95-IR-06-UT-084 [p.' Gibboas L-T [0.1957/0.191"
UL R : 12'95
. Section on BASE LINE
SRAT
[Condenser
SRAT SRAT §$350-150-016-00-E  [95-IR-06-VT-0B50  |P. Gibbons L-II JNo VT indicarions noted.
J. Elder L-II
[o-12.95
SRAT ISRAT Sample [$350-150-018-00 -IR-06-VT-0847  [B. Holmes L-l |Sampic Line 0,103
Pump \IR-06-PT-0845  |J. McCall L-II et 0.137"
-IR06-UT-0846 [ ElderL-0  [Suction 0.154"
9-10-95 -
o VT/PT indications noted.
SRAT SRAT Tank  [S350-150-010-00-EV [95-IR-06-UT-0842 |B. Holmes L-1I [Tank Botiom 0.758"
- 95-IRO6-VT-0843 |1 McCall L-T [Shelt 0.472"
(Int.) J. Elder LTI
95-IR06-VT-0844  [9-10-9§ No VT indications noted.




AID-QCM-950127

DWPF OUTAGE FA-04 JOB # 950513
Page of
Exam. _ 11/6/95
Method Inspector Thick(s)
Moduls  Component Part 8 Rpt.s Date This Outage
[SRAT SRAT Agitator |Blades 95-IR-06-VT-0848 Gibbons L-IT [No VT indications noted.
95
SRAT SRAT Ammonig$350-150-019-00-V [95-IR-06-VI-0997 |B. Hoimes L-TI [No VT indications nowd.
Scrubber P Gibbons L-II
19-8-95
SRAT Sample Cell  |SSX 221 and 95-IR06-VT-1048 B, Hoimes -0 [0.102"
Line Mezz, SRX 179 95-IR-06-UT-1049  [P. Gibbons L-II
Hlm {10-16-95 VT indications noted.




. APPENDIX 2
Quality Control AID-QCM- 960011

S Condition Report 408 NO: 8980807

Retention: 2 Years

Keywords: Tanks

Distribution J

J. T. Gee, 704-255 ** Al;?::tirr

3. F. Piccolo, 704-S Pump

W. D. Kerley, 704-25S

E. J. Freed, 704-255 ) © D.@G. Bevarg, A&IQ, 703-A

K. R. Jones, 704-26S _ Q. L. Gaston, A&IQYQC, 730-A

P. Smock, A&IQ/QC, 730A R. E. Sprayberry, A&IQ/QC, 730-A
W. R. Hinz, A&IQ/QC, 730A 730-A QC Files

Viad Cech, A&IQ/QC, 730A
M. W. Trimm, A&IQ/QC, 730A
A. Reynoids, A&IQ/QC, 730A
J. Elder, A&IQ/QC, 730A

Page: 1of 3 _ Date: 1/11/96
[Reported By: Inspectors{Level:
J. G. Dickinson %&, J. Elder L-If (UT) LIl (VT & PT), P.Gibbans LIl (VT, PT& UT)
Equipment Examined: -
Jumpers, Tanks, Pumps, Agitator Blades , see attached pages 2 and 3
Location: iP, IDP, Pipe, Part #:
221-8 See attached pages 2 and 3
Date of Examination: Time in Service:
See attached pages 2 and 3 ~2 Years
[Service Condition: Materials of Construction:
NA Stainless Steel
Hastelloy
NCR Number (if applicabla):
NA

inspection Procedure (numbaer and title): ’
NDEP 4.1 General Visual, NDEP 6.1 Liquid Penetrant & NDEP 7.1 Ultrasoni¢ Thickness Examination

Accaptance Critera/source).
NONE PROVIDED BY CUSTOMER

Inspection Summary:

Administration & Infrastructure Quality (Formally Site Services Quality), utilized the following nondestructive
examination methods during outage FA-04-Phase 2: liquid penetrant, visual and ultrasonic thickness . The
examination methods, report numbers and inspectors are listed in table 1 of this report. The examinations
performed during this outage utilized the same techniques and examination methods during the collection of the
base line data. Variations in the baseline data and this report are attributed to the refinement of ultrasonic
equipment, calibration techniques and the advancements in ultrasonic transducer technology for specialized
applications such as wall thickness measurement of small diameter wbing. No significant erosion or corrosion
conditions were detected during this outage. This report is issued as a “Condition Report”, since no
acceptance criteria was provided. The responsible systems engineer will be required to determine the final
acceptability of all items listed in this report. Copies of all individual NDE reports were provided to the FA-04
Test Coordinator with copies maintained in our files listed under Job # S950807.

** Attachments v AT




DWPF OUTAGE FA-04-P2

JOB # §950807

Exam.,
' Method Inspector Thick(s)
Module Componant Part # Rpt.# Date This Outage
MFT IMFT Agitator - [5999-170-015-00AG [95-IR-06-VT-1118 M. Trimm L-III |Linear indications, wear &
95-IR-06-PT-1117 11-29-95 physical damage noted during
J. B. Elder L-1l |(VT) visual examination.
11-29-95 Linear indications detecied during
VT examination, area repaired and
passed PT.
|OE FOE Vessel §355-150-030-00-T [95-IR-06-VT-1178 P. Gibbons L-II {No indications noted during (VT)
(Internals) J. B.Elder L-T {Visual examination.
Video Tape # 12-31-95
FA-04-#4
|OECD OCED Vessel [$355-150-036-00-E  [95-IR-06-VT-1185 P. Gibbons L-II [No indications noted during (VT)
I (Internals) J.B.Elder L-Il |Visual examination.
12-31-95
Video Tape #
FA-04-#4
|OEC'I‘ OECT Vessel [S$355-150-050-00-T {95-IR-06-VT-1179 P. Gibbons L-II |[No indications noted during (VT)
. (Internals) J.B. Elder L-l |Visual examination.
Video Tape # 12-31-95
FA-04-#4
|PR PR Sample  '{5-355-150-028-00-P [95-IR-06-VT-1173 P. Gibbons L-II [No indications noted during (VT)
[Pump 95-IR-06-PT-1174 [, B. Elder Visual or (PT) liquid penetrtant
95-IR-06-UT-1175 L-I/II examination. No evidence of wall
12-28-95 & thinning noted
12-29-95
]PR PR Sample 401(16.45P)2 95-IR-06-VT-1191 P. Gibbons L-II |No indications noted during (VT)
Discharge 95-IR-06-UT-1192  |J. B. Elder Visual or apparent wall thickness
Jumper L-II/I0 loss during (UT) ultrasonic
Video Tape # 12-30-95 thickness examination. Readings
[FA-04-#4 |0.010” higher than base line data.
PR PR o SCVC  1(15.1C)12-(14.1C)4  |95-IR-06-VT-1189  [P. Gibbons L-II [No indications noted during (VT)
Jumper 95-IR-06-UT-1190 J. B. Elder Visual or apparent wall thickness
L-I/Ix loss during (UT) ultrasonic
Video Tape # 12-29-95 thickness examination. Sample
FA-04-#4 lines not inspected due to
. accessibility.
1/11/96 Page a2 of 3




DWPF OUTAGE FA-04-P2

JOB # 5950807

Exam.
Mathod Inspector Thick(s)
Module  Component Part # Rpt.# Date This Outage
[PR PR 10 PRCD. [(15.1C)3-(16)7 95-IR-06-VT-1187 P. Gibbons L-II {No indications noted during (VT)
Jumper 95-IR-06-UT-1188 J. B. Elder Visual or apparent wall thickness
L-l1an loss during (UT) ultrasonic
Video Tape # 12-29-95 thickness examination.
FA-04-#4
|PR [PR Agitator 5355-150-025-00AG [95-IR-06-VT-1176 P. Gibbons L-II |No indications noted during (VT)
12-29-95 Visual examination.
[PR IPR Vessel 5355-150-020-00-T [95-IR-06-VT-1177 P. Gibbons L-II [No indications noted during (VT)
f (Internals) J.B.Elder L-l |Visual examination,
Video Tape # 12-31.95
FA-04-#4
. |PRCD [PRCD Vessel [S355-150-026-00-E  {95-IR-06-VT-1186 P. Gibbons L-II {No indications noted during (VT)
(Internals) J. B. Elder L-II {Visual examination,
12-31.95
[PRFT PRFT Sample |8-355-150-068-00-P [95-IR-06-VT-1181 P. Gibbons L-II |Linear indications noted during
Pump 95-IR-06-PT-1182 J. B. Elder L-II |(PT) liquid penetrtant
12-30-95 examination,
System Eng. Notified of
condition, unsure of course of
action, NCR, repair eic.
PRFT PRFT Transfer 18-355-150-061-00-P [95-IR-06-VT-11i83 P. Gibbons L-II |No indications noted during (VT)
Pump 95-IR-06-PT-1184 J. B. Elder L-I |Visual or (PT) liquid penetrtant
12-30-95 examination.
PRFT PRFT Vessel |5355-150-060-00-T [95-IR-06-VT-1180 P. Gibbons L-II [No indications noted during (VT)
(Internals) Video Tape # J. B.Elder L-Il |Visual examination.
FA-04-#4 12-31-95
1/11/96 Page 3 of3



APPENDIX 3

SUMMARY OF INSPECTED EQUIPMENT
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APPENDIX 4

INSPECTION: INTERIOR OF SME TANK




APPENDIX 4

Westinghouse Savannah River Company
APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Materials _Consultation

SRT-MTS-965106

June 28, 1996

TO: J. Gee, 704-258
DWPF Engineering

FROM: C.F. Jenkins, 730-A (/&oﬁff__
Materials Consultation
INSPECTION: INTERIOR OF SME TANK

SUMMARY

The interior of the Slurry Mix Evaporator Tank was visually inspected after
removal of the internal components and deinventory of the test feeds from the
melier. Condition of the tank bottom and walls was excellent - erosion,
reported for the bottom turns of the coil assembly and an attached downcomer,
had not affected the vessel bottom and walls. One set of coil guides on the
vessel floor exhibited significant abrasive wear on one side. This probably
resulted from misalignment of the coil support structure and it should not
seriously affect vessel life. No other wear was noted on the tank proper. An
internal dip tube near the wall was found damaged by a deflector plate
attached to framework at the same location. A hole in the pipe had resulted
from contact and vibration created by the agitated slurry mixture.

BACKGROUND

Because of erosion observed in internal components of the TNX full scale
SRAT/SME, it was imperative to be able to inspect the interior of the DWPF SME
vessel after an extended use. The coil and agitator assemblies from the SME
showed wear similar to that observed in the TNX scale versions of the feed
equipment. Localized areas on the tank bottom which experience flow
disruptions, such as those in the vicinity of the coil bumper guides, and the
area near the central bearing location, are pronc to development of erosion.
The guides and other internal components are also susceptible to abrasive
wear which may be exaggerated by the presence of the glass frit.



INSPECTION

Although the tank was empty. it was not clean. The tank bottom is slightly
sloped towards a sump in the north direction, as situated in Building 221-§. The
floor was covered with a ~l inch deep "mud" soup. The sidewalls and
attachments within the vessel were also caked with the mud, though it was
relatively dry away from the botiom. Inspection of the metal surface did
require wiping the deposit or soup away.

There were no indications of corrosion and no wear was evident on the floor.
Original grinding marks could be seen in several places. This is actually as
expected based on pror experience at TNX. During agitation, flow parallels the
bottom and stays above the surface, which apparently is protected by the quiet
mud so that erosion does not proceed. Wear was also not evident near the
center bearing, which reccives and houses the end of the agitator shaft
during service. This area of the floor might be expected to suffer abrasion
under some conditions, but it did not experience the effect here.

Inspection of the coil guides, which are fixed to the floor, revealed wear on the
guide at the north orientation. The wear existed over nearly the full inside
face on one side of one guide only. [t is not certain why this occurred. but it
probably relates to the fit of the foot which is attached to the coil assembly at
the location, and to coil alignment or misalignment with the guide in
question. The upstream inside edges of the guides on the short radius side
(nearest tank center) exhibit surface polishing as a result of the fluid flow,
but the degree of metal loss is small and negligible at the guides.

A 2-inch downcomer pipe or dip tube had a wedge-shaped hole cut into the
pipe as a result of contact with a stationary 1/4-inch thick deflector plate
attached to an adjacent downcomer support. The contact location is on the east
side of the vessel. about 3-feet above the bottom. The pipe is used for frit
additions, and is subject to vibration as a result of agitator action on the slurry
mix. The cut extends around 1/3 the circumference of the pipe. The deflector
should be reoriented, the contact eliminated, and the pipe repaired before the
tank is restored to service.

CONCLUSIONS

Results of inspection of the SME vessel interior following non-radioactive trial
tests indicated that erosion within the vessel was minimal and not of concemn.
Damage to a frit feed tube had occurred as a result of contact with a misplaced
deflector plate. The tube was repaired and the plate repositioned before the
tank was closed. Abrasive wear due to contact on one of the fixed coil guides
suggested possible misalignment, so that only one foot was in contact with its
guide at any time. Note that all surfaces of the guides and positioning feet are
overlaid with STELLITE. Wear will continue until a second foot contacts its
guide and the total load is divided. The situation is not expected to affect vessel

life significantly.

cc: R.L. Bickford, 730-A
W.L. Daugherty, 730-A
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Material Performance of DWPF Melter Top Head and Off Gas Components (U)

Summary

Results of the visual inspections of the DWPF top head and off gas components indicated that
most of the components will perform satisfactorily for their two year design life. The following
components showed no evidence of degradation or only minor attack: the level probe, the side,
center and vapor space thermowells, the primary quencher, the primary and melter off gas (MOG)
line isolation valves (isolation valves are part of the MOG lines), the backup MOG line, the
backup film cooler, and the backup film cooler brush. The primary off gas film cooler and the

primary MOG line showed signs of moderate attack, however, they will perform satisfactorily for
two years.

The following components experienced significant degradation which could result in failure prior
to their two year design life.

- Borescope outer housing (extend life by applying C1/Al duplex coating)

Severe pitting on the borescope housing outer diameter and oxidation around the
orifice were observed. The Cr/Al coating applied on a replacement borescope
outer housing-dramatically improved its corrosion resistance. A visual inspection
of this housing after approximately 2 months of service indicated no evidence of

- significant attack. Application of the duplex Cr/Al coating on spare (including
borescopes from melter 2) and new borescope outer housings is recommended.
Aluminum containing alloys such as VDM 602 CA should also be considered as a
replacement material for this component.

- Primary film cooler brush (install when required)

Degradation of the primary film cooler brush Hastelloy X (alloy contains 9 wt%
molybdenum) bristles resulted from oxidation of molybdenum. The resulting
MoO3, a comrosive gas, contributed to pitting of the brush block and further
degradatxon of the bristles. The backup film cooler brush performed satisfactorily;
however, similar degradation would be expected if the backup system was used
c0ntinuously. Service life of the brushes can be extended by installing them only
when they are needed. The brushes should be removed immediately after each use
to minimize oxidation and exposure to hot cormrosive gases. Hastelloy X will not
perform satisfactorily in this environment and therefore, Inconel 690, Inconel 690 .
modified with 3 wt% Al, or VDM 602 CA should be used to fabricate the bristles.
Service life of this component ¢an also be extended by eliminating the thin bristles
and using a scraper with a thicker cross-section. Current blue prints should be

changed to show that the film cooler brush shaft is actually fabricated from Inconel
X-750.
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- Feed tubes (extend life by weld overlaying) . ."\‘

Degradation of the original feed tube was characterized by severe pitting around
the entire beveled region of the core end piece and was attributed to end grain
attack. The degraded region was ground and weld overlayed with Inconel 690
filler material. A visual inspection of the repaired feed tubes was performed prior
to radioactive runs (approximately five months of service) and showed only minor
attack in the beveled region. Weld overlaying of all the spare feed tubes with
Inconel 690 filler material is recommended. Weld repaired feed tubes should
perform satisfactorily for their intended design life. The core end piece of new
feed tubes should also be overlayed to avoid this type of attack.

Backup off gas components have seen only limited service. Components from the backup off gas
system would be expected to perform stmilar to that of the primary off gas components if they are
used continuously. The backup film cooler brush should be installed on the melter only when
required. Although the backup quencher, which was fabricated from Hastelloy C-276, was not
inspected, performance of this material should be satisfactory. This assessment is based on the
August 1995 visual inspection of the Hastelloy C-276 quencher from the Integrated DWPF

Melter System (IDMS). This inspection showed no evidence of degradation after approximately
seven years of continuous operation.

To extend the service life of the melter top head and off gas components, a program should be
initiated to develop and evaluate new engineered materials and alloys with improved oxidation
and high temperature corrosion resistance. This program should evaluate the effects of mixed
gases, containing chlorides and sulfates, on the stability of the protective oxide layers. Further
evaluation of aluminum containing alloys such as, Inconel 690 modified with 3 wt% Al and VDM
alloy 602 CA, should also be performed. Testmg should be performed in both controlled
laboratory systems and in an actual melter such as the IDMS.

Several discrepancies have been identified between materials-specified on blue prints and actual
materials of construction. Therefore, alloy composition of the off gas and top head components
from melter 2 should be verified using the portable Texas Nuclear Alloy Analyzer. In addition to

verifying alloy compositions, material identification is necessary to understand the corrosion
observed in components from melter 1.

Background

The Materials Technology Section (MTS) of the Savannah River Technology Center (SRTC) was
requested by Defense Waste Processing Facility to visually inspect various off gas and top head
components from the DWPF melter in April 1995 and during the FA-04.02/FA-05 test plan
inspection. The former inspection included all melter top head components: two melter
borescopes, dip tube bubbler (level probe), two feed tubes, center, side and vapor space
thermowells; primary off gas components: film cooler, film cooler brush, off gas line up to and
including the isolation valve, and quencher; and backup off gas system: film cooler, film cooler
brush, off gas line up to and including the isolation valve. The backup quencher was not
inspected during either the April 1995 or the FA-04.02/FA-05 inspections.

All components were fabricated from Inconel 690 except the isolation valve and the prim
quencher, which were fabricated from CW7M, a cast version of Hastelloy C-276, and Allcorr,
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issued at a later date. A remote visual inspection of the primary off gas line before and after
cleaning was performed and video taped by Administration and Infrastructure Quality/Quality
Control (A&IQ/QC) Group. Results of the field inspections performed by A&IQ/QC during this
program are in Reference 1.

The melter has been in service for approximately eight months with over 85% of the time spent in
idle mode (melter not being fed). Air is being injected into the melter through the borescopes and
the backup film cooler to control off gas fumability. Melter vapor space temperatures have
ranged from 650°C during feeding to 900°C while the melter is idled. Temperatures are lower
during feeding because a cold cap (unmelted feed material) forms on top of the melt.
Temperatures in the off gas line are lowered to approximately 350 °C by the addition of air and
steam though the film cooler and the dilution air system. Finally the temperature is lowered to
approximately 90 °C at the primary quencher,

Visual and Metallurgical Examination Results

Meiter Top Head Components

Borescopes

The borescopes were in service for three to five months when they were inspected in April of
1995. A detailed report summarizing the results of the failure analysis can be found in reference
I. These components were previously replaced due to a camera failure resulting from over
heating. Visual examination of borescope 26°A (EP S-350-185-15-30B) indicated the presence of

surface and identified by X-ray Diffraction (XRD). Sulfate and chloride concentrations were
quantified by Ion Chromatography (IC) and approached 20,000 ppm and 9,000 ppm, respectively.
Numerous small pits were observed along the entire length of the outer housing. The orifice
below the camera lens, where the air exits, was also covered with a thick scale. In some areas the
scale had spalled off revealing the metal substrate. Radial cracks in the substrate emanated

surface region around the orifice. Internal void formation characteristic of high temperature
oxidation was also evident in this region. The inner diameter of this tube, except for the portion
around the orifice, did not show any signs of oxidation (spalling or chrome depletion) or
corrosion.. The original machining marks were still visible on this surface. The second borescope,

25 A (no EP number available), ‘was only visually inspected and appeared to be in similar
condition.
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Center Melter Thermowell -\\_

Visual inspection of the center melter thermowell was performed several hours after its removal
from the melter (Figure 4). The 0.125 inch thick glass coating, which extend from the bottom of
the thermowell several feet to the melt line, had almost entirely spalled off during cooling. The
Inconel 690 surface below the glass coating appeared to have a crystalline appearance consistent
with an intergranular attack (IGA). The attack was more severe at the end of the tube where end
grains are exposed. Similar attack has been observed in other melter components in TNX. The
tube was generally silver/gray in color; however, gold and blue spots (possibly resulting from an
oxide of titanium) were observed in several locations. There appeared to be some minor attack at
the glass - air interface. Above the melt line a thin black coating was observed on several regions

of the sheath. No degradation, pitting or oxidation, was observed in the vapor space region of
this component.

Vapor Space Thermowell

Initially this Inconel 690 melter top head component could not be removed from the melter.
However, after fabrication of a Type 304 stainless steel collar and air quenching, the thermowell
was extracted from the melter (Figure 5). Vertical scratches were evident on opposing sides of
the Inconel 690 collar but they did not seem to be very deep. A thin black plassy coating initially

covered most of the thermowell, but upon cooling, this layer spalled off. No significant
degradation was evident on this component.

Side Thermowell

The side thermowell appeared to be in better shape than any of the other thermowells. Little or
no melt line attack was observed (Figure 6). Discoloration, like that noted on the center
thermowell, was not observed. There was a slight roughening of the surface which contacted the
molten glass but was not as severe as that observed on the center thermowell.

Dip Tube Bubbler (Level Probe)

The dip tube bubbler appeared to be in excellent condition. The surface of the tube was similar in
condition to that of the center thermowell (Figure 7). The tip was covered with a thick coating of
glass. The tip, area around the bottom hole, approximately 1 inch in diameter, was not inspected
because the component was still extremely hot and glass was spalling off. This component was
placed back into the melter before this region could be inspected again.

Feed Tubes

Two feed tubes, labeled A (5-999-350-50-40) and B (no EP No. available), were visually
examined and documented. Glass deposits and scale had to be chipped away to expose the metal
substrate of the core end piece. Severe degradation of the beveled edge at the bottom of the core
end piece was observed on both feed tubes (Figure 8). Material loss in this region appeared to be
significant, approximately 0.090 in. Several small metallurgical pieces were removed from outer
housing and the bottom area around-the orifice adjacent to the bevel on the core end piece.
Specimens were not removed from the beveled region to avoid penetrating the water jacket.
Metallurgical examination of these specimens revealed a pitting type of attack. Pits were broad
and covered most of the beveled surface. No evidence of intergranular attack was observed in
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either of the specimens (Figure 9). The area surrounding the feed outlet was in excellent
condition. No material loss or pitting was apparent in this region. Similarly, the entire length of
outer Inconel 690 tube appeared to be in excellent condition. No evidence of corrosion was
observed above this weld joining the beveled portion to the outer tube.

Primary Off Gas System

Film Cooler

Visual inspection of the primary film cooler showed oxidation of the lower portion of the outer lip
(Figure 10). Oxidation was most severe in a region encompassing approximately 1/3 of the
circumference of the outer lip (Figure 11). This area was oriented toward what was believed to
be the north east side (middle) of the melter. The scale was removed using light tapping with a
screwdriver. Most of metal underneath the scale was oxidized especially around the edge.
Internal components including the baffles and second lip were in good condition. A thin grayish
black film was observed on the inner surfaces and contained mainly sulfates. No chloride
containing salts were found in this region. The outer diameter of the film cooler was in excellent
condition i.e., free of pitting or general corrosion, with only light deposits observed. Air
passages, intended for flushing the region between the film cooler and the refractory were clean
and free of any obstructions. No degradation of the flange was observed. '

Film Cooler Brush

Visual examination of the Inconel 690 film cooler brush indicated severe pitting of the bristle
holder and corrosion/oxidation of the bristles (Figure 12). Approximately 25 percent of the
bristles from the four holders were missing. The remaining bristles were corroded, severely
thinned, very brittle and /or partially broken. X-ray Fluorescence (XRF) analyses of a bristle from
the failed primary film cooler brush indicated a composition of 54 wt% Ni, 25.78 Fe, 12.75 Cr,
2.71 Cu, 2.94 Mn, and 1.40 Co. The brush was covered with a grayish black deposit. -Sodium
chloride and potassium sulfate salts were identified by XRD. Concentrations of the salts were
found to be approximately 4000 and 21000 ppm, respectively. Metallography revealed a
characteristic wrought structure with some grain growth. Large broad pits were observed in both
the brush block and in weld fusion zones which attached the bristle holders to the brush block
(Figure 13). Very little scale formation was observed on this component. Evidence of
intergranular attack was not noted. Degradation of the flange face which mates to the off gas line
was not observed. XRF analyses were also performed on the brush block and brush shaft and
revealed that these components were fabricated from Inconel 690 and X-750 (73 wt% Ni, 16 Cr,
7 Fe, and 3 Ti), respectively. The shaft showed only minor pitting attack. '

Off Gas Line

The melter off gas (MOG) line from the film cooler to the isolation valve was visually inspected,
both directly and remotely (using a video probe), for evidence of degradation and deposit build up
(Figure 14). The isolation valve is part of the MOG line. Severe pitting was observed in the 8
inch diameter Inconel 690 pipe just below the film cooler brush flange (Figure 15). The pits were
numerous but generally less than 0.0625 inches deep. The metal surface in this region was
covered with a very thin, light gray deposit. Metallic scrapings taken in this region were analyzed
using XRF and indicated a chromium concentration of 12 wt%. This is a significant decrease in
chromium concentration from that specified (30 wt%) for the DWPF meltér Inconel 690
components. Deposits from this region were analyzed by XRD and again were found to contain
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high amounts of chloride and sulfate bearing salts. No significant change in pit depths in the

region below the film cooler brush was observed during the April and the FA-04.02/FA-05
inspections.

The lower portion of this pipe between the film cooler flange and the 90 degree elbow was
covered by a heavy (~ 0.375" thick) multi-colored (gray, black, and some yellow) deposit. A 3"
diameter portion of this deposit was removed for analyses. XRD analysis indicated the presence
of various chloride and sulfate containing salts. Chloride and sulfate concentrations were
approximately 4000 ppm and 21000 ppm, respectively. Pitting was not observed beneath this

deposit. The film cooler, film cooler brush, and quencher MOG line flange faces were in excellent
condition.

Remote visual examination from the MOG line beginning at the 90 degree elbow and continuing
to the isolation valve was performed using a video probe during both the April and FA-04.02/FA-
05 inspections. Initially the surface of the pipe was covered with thick gray deposits and the pipe
could not be viewed. However, following cleaning (April inspection only) with water, remote
visual examination revealed pitting throughout the entire length of the MOG line up to the
isolation valve. The isolation valve (fabricated from CW7M, a cast version of Hastelloy C-276)-
including the casting and the ball were in excellent condition, exhibiting no evidence of pitting
attack or corrosive attack. Deposits collected from the off gas line outlet contained chlorides and
sulfates concentrations in excess of 9000 and 28000 ppm respectively. The pipe was not cleaned
during the FA-04.02/FA-05 so the inner diameter surface between 90 degree elbow and the
isolation valve was not viewed with the video probe.

Primary Quencher

The primary quencher was the only off gas component fabricated from Teledyne Allvac Allcorr.
Visual examination in April 1995 included the inlet region, the nozzle, and the center of the
quencher including several welds; however, during the FA-04.02/FA-05 inspection the entire
quencher, including piping before and after the quencher, was visually examined. Ewvidence of
general and localized corrosion was not observed during either inspection. A black loosely
adhering deposit was sampled from the inlet region of the quencher and a white crystalline deposit
was scraped from the bottom of the outlet pipe. The black deposits contained both sodium

chloride and sodium sulfate while the white deposits sampled from the outlet contained only
sodium chloride.

Backup Off Gas System

Film Cooler

Visual examination of the backup film cooler was performed and indicated no signs of significant
corrosion. A rough black deposit was observed covering the lower portion of the film cooler
(Figure 16). The Inconel 690 material beneath this tenaciously bound deposit did not show any
evidence of degradation. Deposits from the film cooler contained approximately 3000 ppm
chlorides and 11000 ppm sulfates. The backup off gas system has only been in service for
approximately one month or 10 % of the time the melter has been operated (from initial start-up
through the April 1995 inspection). No feeding or glass pouring was performed while the baclkup
off gas system was operative. During the remaining 90% of the time this systerh was used to
inject air into the melter (~ 430 lb/hr). The design of this component is significantly different from
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the primary off gas film cooler. Air vents run vertically up the film cooler rather than
circumferentially (Figure 17). '

Film Cooler Brush

The film cooler brush was coated with a thick off white/pale yellow deposit. Analysis of this
deposit revealed significant amounts of lead chloride (> 1 wt%). Examination of the brush did not
indicate any pitting of the brush block or bristle holders. Some thinning of the bristles was
observed but was not as extensive as that observed in the primary system. A number of the

bristles were missing with some appearing to have been pulled out from the holder while others
had broken off flush with the holders (Figure 18 ).

Off Gas Line

The inlet and outlet regions of the off gas line were visually inspected (Figure 19). Remote video
inspection was not performed. Both the inlet and outlet ends were covered with a very fine
yellowish white deposit which was found to contain high concentrations of sodium and lead
chloride along with some sulfate containing salts. This deposit was also observed beyond the
isolation valve and was easily removed with a soft brush. Pitting attack was not observed in any
portion of the backup MOG line. The Inconel 690 pipe and Hastelloy C-276 ball in the isolation
valve did not show any signs of corrosion. S

Discussion

Top Head Components

Varying degrees of degradation were observed on top head and primary off gas components.
More severe attack occurred in the hotter regions of the melter vapor space and off gas system.
Chloride and sulfate bearing compounds i.e., sodium sulfate, and sodium chloride, present in the
off gas condense and concentrate on the colder top head and off gas components. These
compounds break down the protective chromium oxide layer resulting in severe degradation of

the metal substrate. Generally degradation was more severe in the higher temperature regions of
the melter and off gas system.

Results from the metallurgical evaluation indicate that the spalling noted around the orifice of the
borescope resulted from high temperature oxidation [2]. Normally this alloy would form a stable
chromium oxide (Cr203) layer which would protect the metal from further oxidation or corrosion.,
However, thermal fluctuations caused by frequent purges of steam (once every half hour) and the
constant flow of air around the orifice, accelerated spalling of the protective chromium oxide layer
and resulted in further oxidation of the substrate. Chloride and sulfate containing salts also
contributed to the degradation of the protective oxide layer. Spalling of the oxide layer exposes
fresh metal and results in the formation of a new Cr203 layer and metal wastage. Furthermore,
elevated temperatures, approaching 850°C in the vapor space during idle mode, accelerate the
diffusion of chromium from deep within the metal substrate to the surface.
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Oxidation around the orifice of the borescopes may be minimized by reducing the amount off
purge air passed through the orifice, by minimizing the frequency of steam purging, or by cooling’
the Inconel 690 sheath, These solutions would require redesign of the borescope. Oxidation in

this region could be eliminated completely by using an inert gas purge such as argon but the

effects of the gas on the glass chemistry, off gas, and system integrity would need to be evaluated.

If these are not viable options, an alternate material (ceramic or alloy), which could be used as an

insert around the orifice, or surface treatment should be considered.

The large pit observed on the side of the outer housing near the core end piece resulted from
Type II hot corrosion. The morphology in this region was dramatically different than that
observed around the orifice only inches away. This type of corrosion results in a non-uniform
pitting attack with little or no chromium depletion from the metal substrate [3]. Here internal
void formation was minimal indicating that only the chromium close to the surface had enough
time to diffuse to the surface and combine with oxygen to form Crp03 before it spalled off. ). A
corrosion rate in excess of 300 mils/yr was estimated. The extremely high concentrations of
chloride and sulfate bearing salts combined with thermal cycling of the outer tube contributed to
the degradation of the protective oxide. Formation of nickel sulfides in the metal substrate,
characteristic of sulfidation, was not observed in this region.

The role of the chlorides on the degradation of the borescope is unknown; however, chlorides are
known to cause severe “breakaway” corrosion in other chromium and nickel based alloys [4].
Additions of small amounts of aluminum to N/Cr alloys have been shown to increase the
chlorination and oxidation resistance of nickel base alloys [S, 6]. Therefore, 2 recommendation
was made by the DWPF Materials Committee in June to apply a duplex chromium and aluminum
diffusion coating to one of the replacement borescope outer housings [7] (work packages
BGKRL and BGKRM). An inspection was performed after approximately two months of service
(Figure 20a and b). A thin loosely adhering scale was scraped from the side of the housing and
XRF analysis of this scale detected the presence of aluminum which indicates corrosion of the
coating had occurred. However, corrosive attack was minimal and application of the Cr/Al
coating has dramatically extended the life of the outer housing [8]. The service life of the coated
borescopes was conservatively estimated at one year, however; a visual inspection should be
performed after one year of service (this will include some time during radioactive operations) to
assess their condition and extend their service life to two years. Alternate alloys containing 2 to 3
Wt% aluminum or silicon (VDM alloys 602 CA and 45 TM and Inconel 690 modified with 3 wt%
Al) have also performed well in IDMS and incinerator coupon tests [9, 10, 11] and should be
considered for use on this and other DWPF melter components. :

Degradation of the feed tube core end piece resulted from pitting attack of the beveled region
between to the main outer tube and the bottom flat orifice plate. - No significant attack was
observed in the outer tube or around the orifice. Metallurgical specimens sectioned from the
orifice plate and the main tube adjacent to the beveled region revealed no evidence of
intergranular attack. It is speculated that exposed end grains in the beveled region may have
contributed to the observed localized attack; however, the metallurgical evaluation was not
conclusive. The detail print (no. D188452 rev. 16) did not specify the form of material i.e., bar,
plate or round stock, from which this portion of the component was to be fabricated. Therefore,
if it was machined from a piece round stock end grains would have been present. Attack of the
region around the orifice would be less likely since it is closer to the cooling water jacket.
Columnar grains shown in the photo ‘micrograph resulted from directional cooling of the weld,
Weld repair of the feed tubes was recommended [12]. The core end piece of new feed tubes
should also be overlayed to avoid this type of attack. .
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A visual inspection of a weld repaired feed tube (S999-350-50-40) was performed and indicated a\
significant improvement in performance (Figure 21). One small region of shallow pitting was

observed on the weld repair area. Service time was not determined but was estimated at
approximately five months.

The three thermowells and the dip tube bubbler were in good condition. Only a minor
intergranular attack below the melt line was observed. This type of attack was observed in similar
components in IDMS. Since these components are reasonably thick, this attack should not affect
their operability. In addition, degradation of these components in the vapor space does not seem
to be a significant concern. This may be attributed to the lack of chloride and sulfate salt deposits.
These salts appear to condense on the cooler components such as the film cooler (air cooled), the
feed tubes (water cooled) and the borescopes (steam and air cooled). The absence of significant

corrosive attack may also be attributed the thin glassy deposits which have been observed on
these components above the melt line.

Primary Off Gas System

Failure of the primary film cooler brush bristles resulted from oxidation of the Hastelloy X.
Although it was initially thought that the bristles were fabricated from Inconel 690 weld wire, the
blue print (M-DCP-5-92010 Rev. 2) specified Hastelloy X (a nickel base alloy containing 9 wt%
molybdenum). Bristles taken from spare film cooler brushes were positively identified as
Hastelloy X. Molybdenum reacts with the oxygen to form corrosive liquid phase at 795 °C or a
volatile corrosive gas (MoO3) at slightly higher temperatures [13]. Temperature data from the
film cooler region was not available; however, data obtained from a thermocouple mounted on the
end of the IDMS film cooler indicated that vapor space temperatures during idle mode ranged
between 800 and 900 °C. Temperatures near the film cooler brush should be slightly lower since
air injected into the film cooler mixes with and cools the hot exhaust gases. Temperatures were
still high enough to completely oxidize the Mo from the bristles. :

In addition to the degradation caused by the MoO3, chloride and sulfate salts that deposited on
the brush also contribute to the corrosion of the bristles and brush block. Laboratory tests have
shown that the chloride and sulfate salts will adversely affect the stability of the protective oxide
layers at lower temperatures [4]. The acidic nature of the salts fiuxes away the protective Cry,O;
layer exposing fresh metal which then repassivates. The breakdown of the protective oxide layer
can occur very fast resulting in catastrophic corrosion. In the case of the film cooler brush block,
degradation was in the form of deep broad pits. Pitting attack was also observed on the
borescope outer housing and in the inlet of the primary off gas line. Although high concentrations
of sulfate containing salts were present on the surface of the film cooler brush, evidence of
sulfidation i.e., sulfide formation at the scale-metal interface, was not observed. Sulfidation can
occur when temperatures exceed the melting point of the various sulfate salts (825 to 930 °C).

The film cooler brush shaft was to be constructed from Inconel 690 per WSRC Print M-DCP-S-
92010 Rev. 2. Material identification revealed that the shaft was fabricated from Inconel X-750, a
precipitation-hardenable alloy. Inconel X-750 has good oxidation resistance and high temperature
strength; however, it contains less chromium than Inconel 690, 14 to 17 wi% Cr and 27 - 31
wit%, respectively. Chromium provides corrosion resistance especially to the chloride and sulfate
salts present in the DWPF melter. Furthermore, Inconel X-750 does not contain Al or rare earth
elements which increase the corrosion resistance of the protective oxide layer. Therefore, this
alloy would be less resistant to corrosive attack than Inconel 690. The minor pitting attack
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experienced by the shaft may have occurred because the shaft was out of the direct flow of
exhaust gases, Thereby, reducing metal temperatures and minimizing chloride and sulfate salt"

deposition. The brush block was also identified and found to be Inconel 690. This is consistent
with the print.

Due to discrepancies with the print and actual material of construction, alloy composition off gas
and top head components from melter 2 should be evaluated using to portable Texas Nuclear

Alloy Analyze. This analysis would aid in the understanding of the corrosion observed in
components from meiter 1.

Severe oxidation of the Hastelloy X film cooler brush bristles is anticipated. Degradation will
accelerate with increasing temperature such as that experienced during idle mode. Changes in the
brush design, operation and material of construction should be considered. From a operational
stand point, the brush should be installed only when it is needed, otherwise it should be removed
and the port sealed with a blind flange. The bristle material should be changed to Inconel 690 or
an alloy with a higher aluminum content such as VDM 602 CA or the modified Inconel 690 (3
wi% Al). The print (M-DCP-8-92010 Rev. 2) should be changed to reflect this material
substitution. These two changes should dramatically extend the life of this component. An
evaluation should be conducted determine the feasibility, of using a scraper to clean the film
cooler. Increased cross -sectional area may aid in increasing component service life.

Degradation observed on the end of the film cooler most likely resulted from a combination type
II corrosion and oxidation. - Metallurgical sections were not removed from this component and
therefore, the exact corrosion mechanism could not be determined. Approximately 30% of the

bottom edge of the film cooler was affected; however, the degradation was not severe enough to
warrant removal at this time.

The off gas line from the 90 degree elbow up to the isolation valve showed some evidence of
pitting attack. Pits were observed throughout the entire length of this pipe (up to the isolation
valve). Pit depths did not seem deep enough to compromise the structural integrity of the off gas
line. Continued use of this component is therefore recommended.

Both the isolation valve and the primary quencher were in excellent condition and adequate for
continued operation.

Backup Off Gas System

The backup off gas system components were in excellent condition; however, operating time on
this system was Limited. The high chloride and sulfate containing deposits observed throughout
this system may pose a serious corrosion problem if this system is used for extended periods of
time.. The absence of any degradation i.e., pitting attack, indicates that the corrosion is
temperature dependent. Since air is injected through this system the temperature would be
expected to be much lower than that in the primary side where pitting attack was observed.

- Although the DWPF backup quencher, which was fabricated from Hastelloy C~276, was not
inspected, it is expected to perform satisfactorily. This is based on the performance of the IDMS
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quencher visually inspected in August 1995 (14, 15]. Corrosive attack of this component was no
observed after approximately seven years of continuous operation, :

Conclusions

The following is an assessment of the current condition of the various top head and off pas
components from the DWPF melter following inspections in the spring and fall of 1995,
Component performance was based on the current operating mode and melter environment.
Changes in the operating conditions and/or feed chemistry may affect component service life.

The following components showed no significant evidence of degradation and will perform
satisfactorily for their current two year design life:
- Thermowells (vapor space, center, and side)
- Level probe
- Primary and backup MOG line isolation valves
- Primary quencher .
- Backup MOG line
- Backup film cooler and film cooler brush
The following components showed evidence of moderate degradation but are expected to perform
satisfactorily for their two year design life:
- Weld repaired feed tubes (pitting attack on beveled region of core end piece)
- Primary film cooler (oxidation and corrosion on lower edge, no repair required)
- Primary off gas line (significant pitting attack in-inlet region, moderate pitting up to the

isolation valve, no repair required)

The following components experienced significant degradation and are not expected to survive
the two year service life as currently designed:

- Borescope outer housing (extend life by applying Cr/Al duplex coating)
- Primary film cooler brush (install when required)

- Original feed tubes (extend life by weld overlaying)

The following recommendations were made to extend the lives of these components to
approximately two years, ‘ -
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Borescope outer housings experienced significant oxidation around the orifice and breakaway.
corrosion on the side of the outer housing. Minimal pitting was observed on the duplex Cr/Al”
coated outer housing after approximately two months of service. Future housings should be
coated with this diffusion layer. Aluminum containing alloys such as, VDM 602 CA or the
modified Inconel 690 with 3 wt% Al, should be considered as candidate materials for future
housings. To ensure the stability of the protective oxide layer, the air being passed through the
borescope should be reduced or eliminated (possibly using an inert gas such as argon). In
addition, the frequency of steam purges should also be reduced to minimize thermal cycling of the
housing. The service life of the borescopes was conservatively estimated at one year; however; a
visual inspection should be performed after one year of service (this will include some time during
radioactive operations) to assess their condition and extend their service life to two years.

Primary and backup film cooler brush bristles were fabricated from Hastelloy X. Degradation
of the primary film cooler brush bristles resulted from oxidation of molybdenum. Chloride and
sulfate salts also contributed to the degradation by attacking the protective oxide layer. The
backup system performed satisfactorily, showing only minor attack, because air injected through
this system lowered the temperatures and because it was used infrequently as an off gas system.
However, similar degradation would be expected if the backup system were used continuously.
Service life of the brushes can be extended by installing them only when they are needed. The
brushes should be removed immediately after each use to minimize oxidation and exposure to hot
corrosive gasses. Hastelloy X will not perform satisfactorily in this environment and therefore,
Inconel 690, Inconel 690 modified with 3 wt% Al, or VDM 602 CA should be used to fabricate
the bristles. Service life of the component can also be extended by eliminating the thin bristles and
using a scraper with a thicker cross-section. Current blue prints should be changed to show that
the film cooler brush shaft is fabricated from Inconel X-750.

Feed tubes experienced severe degradation in the beveled region of the core end piece. The
degradation was most likely due to end grain attack. A visual inspection of the weld repaired feed
tubes was performed prior to radioactive runs and showed only minor attack. Buttering of the
core end piece of damaged and. spare feed tubes with Inconel 690 weld filler metal was
recommended. Weld repaired feed tubes should perform satisfactorily for their intended design
life. The core end piece of new feed tubes should also be overlayed to avoid this type of attack.

Several discrepancies have been identified between materials specified on blue prints and actual
materials of construction. Therefore, alloy composition of the off gas and top head components
from melter 2 should be evaluated using a portable Texas Nuclear Alloy Analyzer. This analysis

would verify materials of construction and aid in the understanding of the corrosion observed in
components from melter 1.

Path Forward

Most of the DWPF melter top head and off gas components will perform satisfactorily for their
two year design life. The components that suffered significant attack were the borescopes,
primary film cooler brush, and feed tubes. Changes in the operation of the film cooler brush and
design modifications to the feed tubes and borescopes is expected to extend their service lives to
two years. A two year life is adequate-but should be extended because; 1) the melter design life is
2 years butmay be extended, 2) remote handling in a radioactive environment is difficult, 3)
outages for component replacement results in unnecessary production downtime; 4) long term
disposition of radioactively contaminated components is costly, 5) high alloy materials are
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are expensive, and 6) procurement and fabrication lead times are long. Therefore, a program
should be initiated to develop and evaluate new engineered materials and alloys with improved
oxidation and high temperature corrosion resistance. This program would explore the effects
chloride and sulfate gases on the stability of the protective oxide layers. Testing should be

performed in both controlled laboratory systems and in an actual melter systems such as the
IDMS.
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Figure 1. Borescope Outer Housing (WSRC-FM-95-0050-63).
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Figure 2a. Large pit on the side of the borescope outer housing (WSRC-FM-95-0050-05).
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Figure 2b. Borescope orifice (WSRC-FM-95-0050-12).
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Figure 3a. Borescope camera assembly (WSRC-FM-95-0050-48).




WSRC-TR-95-0234 Rev. 0 Page 19 of 42

Figure 3b. End of the borescope camera assembly (W SRC-FM-95-0050-45).
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Figure 4a. Center thermowell - Inconel 690 collar below alumina insulator
(WSRC-FM-95-0049-90).
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Figure 4b. Center thermowell - bottom region (WSRC-FM-95-0049-97).
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Figure Sa. Vapor space thermowell - lower portion (WSRC-FM-95-0049-
115).
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Figure 5b. Vapor space thermowell - scratch on collar and alumina
insulator (WSRC-FM-95-0049-113).
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Figure 6a. Side thermowell - tip (WSRC-FM-95-0049-88).
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Figure 6b. Side thermowell - Inconel 690 collar and alumina insulator (WSRC-FM-95-0049-86).
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Figure 7. Level Probe (WSRC-FM-95-0049-29).
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Figure 8a. Feed tube - before cleaning (WSRC-FM-95-0049-80).
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Figure 8b. Feed tube - after cleaning (WSRC-FM-95-0049-76).
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Figure 9. Photomicrograph of material removed from feed tube (EE 54035 A). Pitting is evident
along external surfaces in both the weld fusion (f) zone and in the base (b) material (arrows
indicate pits). No intergranular attack was observed. Magnification 200X.
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Figure 10. Primary film cooler immediately after removal (WSRC-FM-95-
0049-12).
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Figure 11. Scale on the lower edge of the primary film cooler (WSRC-FM-95-0049-49).
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Figure 12. Severe pitting and bristle degradation on primary film cooler
brush (WSRC-FM-95-0049-24).
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(b)

Figure 13. Photomicrographs showing pitting attack of film cooler brush.
a) Base matenial (Magnification 50X). b) Weld fusion zone (Magnification

50X).
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Figure 14. Primary off gas line (WSRC-FM-95-0049-15).
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Figure 15. Pitting (see arrow) in primary off gas line below film cooler brush flange and above 90
degree elbow (WSRC-FM-95-0049-45).
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Figure 16. Backup film cooler immediately after removal (WSRC-FM-95-
0049-75).
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Figure 17. Deposits on the lower edge of the backup film cooler (WSRC-FM-95-0049-66).
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Backup
Film Cooler Brush

Figure 18. Backup film cooler brush (WSRC-FM-95-0049-60).
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Figure 19. Backup off gas line (WSRC-FM-95-0049-58).
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Figure 20a. Quter housing of Cr/Al coated borescope outer housing
following approximately 2 months of service (WSRC-FM-96-294-24).
Note no significant degradation on outer housing,.
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Figure 20b. Orifice of Ci/Al coated borescope outer housing following approximately 2 months of
service (WSRC-FM-96-294-9). Note no significant degradation around orifice.
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Figure 21. Weld repaired feed tube $999-350-50-40 (WSRC-FM-96-360-18). Note no significant
degradation around beveled region of core end piece.
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Summary

Inspection of the IDMS off gas quencher, SAS inlet, HEME outlet, HEPA inlet and associated
piping did not reveal any evidence of significant corrosive attack. In addition, visual examination
of coupons from.the. off .gas system did not. reveal any degradation of coupons representative of
DWPF materials of construction. Therefore, inspection of similar DWPF components as part of
the FA-04 program is not warranted.

Background

The Materials Technology Section was requested to evaluate the performance of the Integrated
DWPF Melter System (IDMS) off gas components and corrosion coupons following seven years
of service. Although the melter was idled (i.e. no cold cap) most of the time, the off gas system
was always operational. Inspection of the IDMS off gas equipment was recommended by DWPF
Engineering with concurrence from the DWPF Materials Committee. The intent was to minimize
the number of inspections in DWPF during the FA-04 Erosion/Corrosion Program, allowing more
time to concentrate on critical arcas of the DWPF system where corrosion was most likely to
occur. In addition, eliminating inspections would free up the crane for other more critical tasks.
If problems were found during the visual examinations of IDMS off gas components, inspection
of similar DWPF equipment would be recominended.

Remote visual inspection of the IDMS process equipment was performed by Administration &
Infrastructure Quality / Quality Control Section (AIQ/QC) on August 8, 1995. Equipment and
piping inspected included: '
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1)  Steam Atomized Scrubber (SAS) - Inlet region.

2)  High Efficiency Mist Eliminator (HEME) - Outlet to heater.

3)  High Efficiency Particulate Air (HEPA) Filter - Inlet to filters.

4)  Off gas Quencher - Inlet and outlet including nozzle.

S)  Associated piping.

In addition to the remote visual inspection, coupons from all coupon racks were pulled and
visually inspected. Figure 1 shows the location of the coupon racks in the off gas system. These
coupons were placed into the IDMS off gas system in August of 1993 [1]. All coupons exccpt

those on the quencher inlet crack were placed back into the IDMS following the inspection. The
quencher inlet coupons were brought back to the lab for further metallurgical examination.

Results and Discussion

Remote visual examination of the off gas equipment from the IDMS off gas system did not show
any evidence of significant corrosion in the regions inspected around the HEPA, SAS, HEME,
Quencher. Inspection results were documented in AIQ/QC reports AID-QCM-950009 and 95-
IR-06-VT-0687 and by the DWPF Materials Committee [2,3,4].

Corrosion coupon racks were removed from the off gas system, visually examined for evidence of
corrosion and then reinstalled (Figure 1). Only the coupons from the quencher inlet were taken to
the lab for further metallurgical evaluation. No evidence of significant corrosion was observed on
any of the coupons. A metallurgical examination of the original corrosion coupons, which were
placed in the IDMS feed preparation, melter and off gas systems, was performed in 1993. Results
from this metallurgical evaluation did not reveal any evidence of pitting, general, stress corrosion
cracking or crevice attack of any of the DWPF materials of construction [3]. However, both the
Hastalloy C-276 and Allcorr coupons removed from the quencher inlet showed evidence of end
grain attack. These are the materials of construction for the DWPF primary and backup
quenchers, respectively. Exposure of end grains was minimized in the design of the IDMS and
DWPF quenchers therefore, the potential for corrosion of the DWPF quenchers is low. The
nozzle is the only component in the quencher that could potentially be vulnerable to this type of
attack. Corrosive gasses are swept away from the tip of the nozzle, and therefore, end grain
attack is not anticipated. Inspection of the DWPF primary (6] and IDMS [2,3] quenchers did not
reveal any end grain attack of the nozzles.

Conclusions

Inspection of the IDMS off gas quencher, SAS inlet, HEME outlet, HEPA inlet and associated
piping did not reveal any evidence of significant corrosive attack. In addition, visual examination
of coupons from the off gas system did not reveal any degradation of coupons representative of
DWPF matenials of construction. Therefore, inspection of similar DWPF components as part of
the FA-04 program is not warranted.
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EXECUTIVE SUMMARY

A number of safety class and safety significant components have been identified by the DWPF
Structural Integrity Team for evaluation in accordance with the DWPF Structural Integrity
Program. The components chosen for inclusion in the DWPF Structural Integrity Program
were evaluated with regard to structural integrity atributes. This included evaluations in the
areas of materials degradation, structural design, and inspection/test requirements. This report
documents the detailed materials evaluations that have been performed in support of this effort.

Most of the components evaluated are likely to fulfill their design service lives with little
materials degradation. In cases where degradation is considered likely, it is estimated to occur
at a slow rate, without sudden catastrophic failure. Recommendations have been provided for
additional testing or monitoring to track degradation that is likely to limit a component's service
life and to provide supporting data to assess the potential for degradation of components for
which such data was lacking. The overall favorable assessment of minimal degradation of most
components results from following established industrial experience for standard component
applications and from the extensive testing performed to support materials selection for those
components exposed to the agressive process conditions in the vitrification building.
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1,  BACKGROUND

The DWPF Structural Integrity Team has identified a number of components for evaluation
based on their designation as safety class or safety significant [1]. Evaluation of these
components is conducted in accordance with the DWPF Structural Integrity Program [2]. The
components chosen for inclusion in the DWPF Structural Integrity Program [3] were then
evaluated with regard to structural integrity attributes. This included evaluations in the areas of
materials degradation, structural design, and inspection/test requirements. This report
documents the detailed materials evaluations that have been performed in support of this effort.

2. DI

Detailed materials evaluations of safety class and safety significant DWPF components have
been documented in several memorandum reports [4-7]. These reports provide the basis for the
materials degradation potential of most of the components considered to date in the DWPF
Structural Integrity Program, and are provided as Appendices 1-4 to this report.. This report
serves the purpose of collecting these degradation assessments under a single cover for
reference and retrievability. Subsequent to issuing the appended reports, detailed reviews by
the DWPF Stuctural Integrity Team identified a few cases in which corrections/clarifications to
those reports were warranted. These cases are marked up in the appendices.

In general, the components specifically addressed in the reference 4-7 assessments are those
considered most likely to experience degradation, those with the greatest visibility in terms of
management attention, and/or components chosen as indicative of a number of components in
similar service.

In general, no potential for rapid degradation of materials properties was identified. For those
components where degradation is anticipated, it is generally limited to general corrosion at a
slow, predictable rate. In relatively few cases were other forms of degradation expected. This
reflects the care used initally in selecting the materials for most of the DWPF components.
Materials for most of the components in the Vitrificaton Building Remote Process Cells were
selected on the basis of extensive testing under what were considered at the time to be prototypic
condidons. Due to subsequent changes in the process flowsheet, the forecast conditions no
longer match the actual conditions. However, sufficient variation was built into the test
conditions that they generally bound even the current forcast operating conditions. The specific
corrosion test data used in these evaluations are referenced in the appendices. Data for the
Remote Process Cell vessels and other waste-handling components are generally from SRTC
and DuPont Engineering Test Center studies. Corrosion data for the other components are
generally taken from the published literature, and are also referenced in the appendices.

A materials degradation evaluation was performed for the components listed in Table 1. Most
of these components are expected to experience minimal degradation, within the bounds of
corrosion allowances, and should perform acceptably for their design service lives. Upper
bound corrosion rate estimates are also provided in Table 1.

A number of components beyond those specifically evaluated are fabricated from the same
materials and see similar service conditions as those evaluated. The conclusions reached in the
subject evaluations extend to these components as well. For example, reference 6 identifies that
unprotected carbon steel pipe exposed to ambient air would be expected to corrode at a rate of
about 1 - 2 mil/year. However, pipe that is painted or galvanized should experience essendaily
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no corrosion unless the protective coating is breached. This same conclusion would generaily
apply to any other carbon steel component that is exposed to ambient air.

Another example illustrates potential difficulties that might arise in extending the reported results
to similar components. The SRAT feed orifice plate, located in the jumper between the
Precipitate Reactor Bottoms Tank (PRBT) and the Slurry Receipt Adjustment Tank (SRAT), is
fabricated from Hastelloy C-276. The fluid flowing through this jumper is the same as the fluid
leaving the PRBT and entering the SRAT. Both the PRBT and SRAT are constructed of
Hastelloy C-276 and are estimated to experience less than 1 mil/year general corrosion [4].
Accordingly, the SRAT feed orifice plate is also expected to experience corrosion of less than 1
mil/year. However, the fluid in the SRAT feed orifice plate contains about 5% solids, which
are of no particular consequence to either tank, but present the possibility of erosion given the
fluid velocity through the orifice plate. Because of this possibility, the SRAT feed orifice plate
has been identified for examination during DWPF Startup Test FA-04 [8], which is being
performed in September-October 1995.

For components likely to experience degradation beyond design allowances, recommendations
for inspection or other forms of monitoring have been identified, and are summarized in Table
2. These recommendatons have been passed on to the DWPF Structural Integrity Team for
consideration. Formal recommendations to implemeht such actions will be made by the DWPF
Structural Integrity Team.

In several cases, piping presents a special case of degradation exceeding the corrosion
allowance - cases in which there is zero corrosion allowance. While no significant degradation
is expected, it is impossible to conclude that zero corrosion will occur. In fact, the stainless
steels derive their good corrosion resistance from the formation of a thin oxide film on the
surface. While this presents no difficulty in an engineering sense (the expected corrosion is
practically zero), an administrative comparison of the very small expected wall loss and that
allowed shows that the zero corrosion allowance will be exceeded. Such administratdve
noncompliance can likely be remedied by comparing the actual (maximum) applied loads with
those given in the piping specifications. Each piping code specifies a corrosion allowance and
design pressure / temperature values. To the extent that the maximum pipe loads are less than
the design conditions, the corrosion allowance can be increased without sacrificing safety
margins. Accordingly, recommendations are made in such cases for Structural Mechanics to
verify based on actual loads that some small "as-built" corrosion allowance exists for the
component.

As noted above, engineering common sense shows that the actual corrosion in such cases is so
small as to not create any technical concern. However, the additional review of available
margins will address the non-engineering assessement that insists on demonstrated compliance
with every requirement and specification.

Limited in-service inspection is also recommended for some components with no identified
corrosion allowance. These should be viewed as one-time confirmatory inspections, unless
they produce unexpected results. If this first in-service inspection shows no change from
baseline measurements attributable to corrosion or other degradation mechanism, then no
significant degradation should occur and further inspections may be discontinued.
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3., CONCLUSIONS

Most of the components evaluated are likely to fulfill their design service lives with little
materials degradation. In cases where degradation is considered likely, it is estimated to occur
at a slow rate, without sudden catastrophic failure. Recommendations have been provided for
additional testing or monitoring to track degradation that is likely to limit a component's service
life and to provide supporting data to assess the potential for degradation of components for
which such data was lacking. The overall favorable assessment of minimal degradation of most
components results from following established industrial experience for standard component
applications and from the extensive testing performed to support materials selection for those
components exposed to the agressive process conditions in the vitrification building.
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Component Material __ Corrosion Rate
Precipitate Reactor (PR) C-276 J mpy steam cols; 1 mpy remainder
Organic Evaporator (OE) C-276 S mpy steam coils; 1 mpy remainder
_OE Condensate Tank (OECT) 304L 2 mpy, potential for local attack
OE Condenser/Decanter (OECD) C-276 < 1 mpy
PR Condenser/Decanter (PRCD) C-276 <lmpy _
PR Feed Tank (PRFT) C-276 not quantified, but < 1 mpy is expected
PR Bottoms Tank (PRBT) C-276 1 mpy
Slurry Mix Evaporator (SME) C-276 1 mpy, potential for erosion
SME Condensate Tank (SMECT) ___316L 1 -5 mpy
Sludge Receipt & Adjustment Tank (SRAT) C-276 1 mpy
Recycle Collection Tank (RCT) C-276 1 mpy
Melter Feed Tank (MFT) C-276 1 mpy, potential for erosion
Off-Gas Condensate Tank (OGCT) C-276 1 mpy -
Steam Atomized Scrubber (SAS) C-276 Vapor region - rate TBD; potential for
_ local attack. Liquid region - 1 mpy
Off-Gas Condenser C-276 1 mpy
High Efficiency Mist Eliminator HEME)  C-276 .= 1 mpy
HEPA Filter Assembly 304L 1 mpy
Off-Gas Quencher (OGQ) Allcorr Liquid region - 1 mpy, primary; 4 mpy
(primary) with potental for local attack,
& C-276  Vapor region - rate TBD; potential for
(backup) local attack
Interarea Transfer Lines - inner pipe 304L 0.5 milfyr
Interarea Transfer Lines - outer pipe ¢. steel 1 mil/yr, with local attack in vapor
_ L - space, if inner pipe leaks
Late Wash Facility (LWF) Precipitate Tank 304L 0.5 mil/yr
(LWPT)
LWF Hold Tank (LWHT) 304L 0.5 milfyr
Lsow Point Pumnp Pit (LPPP) Sludge Tank  304L 0.5 mil/yr
(SPT)
LPPP Precipitate Tank (PPT) 3041 0.5 mil/yr
Organic Waste Storage Tank (OWST) Inner 304L <2 milfyr
Tank
OWST Outer Tank c. steel ranging from approx. 0 to < 20 mil/yr,
. depending on leakage, etc.
_OECT /OWST Transfer Pipe 304L < 2 miliyr
Formic Acid Storage Tanks #1 and 2 316L < 1 miliyr
Organic Acid Drain Catch Tank 316L < 1 miliyr
Formic Acid Dilution Tank 304L < 2 mil/yr with potential for local attack
_Dilute Formic Acid Feed Tank . 304L < 2 mil/yr with potential for local attack
Formic Acid Feed Tank and piping 316L < 1 mil/yr
Organic Acid Neutralization Waste Tanks  316L <1 mil/yr
#1 and #2
Nitric Acid Feed Tank and piping 304L < 2 mil/yr
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Table 1. Summary of Components Evaluated (continued).

Nitric Acid Waste Hold Tank 304L <2 mil/yr
Acid Drain Catch Tank 304L < 2 milfyr
Nimic Acid Dilution Tank 304L <2 milfyr
Nitric Acid Dilution Tank piping 304L < 2 mil/yr

Canned motor pumps for various tanks

304L approx. 0 mil/yr

Diesel Fuel Oil Storage Tanks #1 and #2

c. steel approx. 0 mil/yr, unless water is present

and underground pipe

Diesel Fuel Oil Day Tanks #1 and #2 c. steel approx. 0 mil/yr, unless water is present

Diesel Fuel Qil System piping c. steel approx. 0 mil/yr, unless water is present
c

Diesel Gen. System piping (air & lube oil)

. steel approx. 0 mil/yt, unless water is present

Diesel Generator System piping (water)

c. steel approx. 0 mil/yr

Purge System Piping and Jumpers:

LWF Primary (P) & Backup (BU)

CPC Safety Grade (SG), P & BU

304L, approx. 0 mil/yr

C-276, approx. ( mil/yr
galv. c. approx. { mil/yr

SPC SG, P & BU steel, approx. 0 mil/yr
__LPPPSG & P; OWSTSG &P & copper | approx. 0 mil/yr
~“PPT/SPT Chem. Feed (LPPP SG) approx. O mil/yr
Purge System Tanks: 9% Ni steel approx. O mil/yr

CPC SG, LPPP SG, OWST SG, inner tank,

SPC SG, LWF P & BU, carbon steel

422-S Supply Tanks outer tank,

SPC P and CPC P Tank c. steel approx. 0 mil/yr
Purge System Vaporizers Al approx. O mil/yr
Vimification Building: coated approx. 0 mil/yr if coating intact,

Bldg. Structure, c. steel < 2 mil/yr otherwise

SPC/CPC Removable Wall,

Remote Process Cell Covers,

Melt Cell Crane Rails & Superstructure

Glass Waste Storage Building (GWSB)

galv.c approx. O mil/yr if coating intact,

Canister Supports steel < 2 mil/yr otherwise

LWF Crane Rails and Superstructure c. steel approx. 0 mil/yr if coating intact,
) ; < 2 mil/yr otherwise

LPPP Process Cell Crane Rails and c. steel approx. 0 mil/yr if coating intact,

Superstructure < 2 mil/yr otherwise

Zone 1 Exhaust Tunnel

coated approx. 0 mil/yr if coating intact,
c. steel < 2 mil/yr otherwise

Fan House Crane Rails and Superstructure

¢. steel approx. 0 lmljyr if coating intact,
< 2 mil/yr otherwise

422-S Superstructures

coated approx. O mil/yr if coating intact,
c. steel < 2 mil/yr otherwise
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Table 1. Summary of Components Evaluated (continued).

Viuificanon Building: concrete | N/A - see Appendix 4 for discussion of
Bldg. Structure, Canyon Walls, concrete degradation mechanisms
Remote Process Cell Walls,

Crane Maint. Shield Door Struct. Support
Main Process Cell Crane Struct. Support
Nitric Acid Dilution Tank Dikes

Formic Acid Feed Tank Dikes

Org. Acid Floor Drain Catch Tank Dikes
Nitric Acid Feed Tank Dikes

GWSB Vault Supports concrete

LWF Celis & Cell Covers concrete

LPPP Cells, Cell Covers & Crane Operator concrete

Station

Sand Filter & Zone 1 Exhaust Tunnel concrete

_Fan House Building Structure concrete

FESV Vaults concrete

422-S Acid Tank Dikes concrete

980-S Organic and Nitric Dikes concrete
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Table 2. Summary of Recommendations Made to the DWPF Structural Integrity Team

Component

Recommendation

OECT

Inspect to evaluate susceptbility to local attack and quanufy
rates

SME, MFT, SMECT,

Inspect before hot runs to quantify erosion, corrosion rates,

OGQ vapor space and/or verify local attack
SAS Inspect TNX SAS vapor space to assess susceptibility to
. corrosion
Backup OGQ Inspect IDMS OGQ liquid space to quantify local attack
OWST Outer Tank Periodic visual inspection to verify paint is intact

Formic Acid Feed Tank Piping and Structural Mechanics should identify a corrosion allowance
Nitric Acid Dilution Tank Piping  based on actual applied loads

Diesel Fuel Qil Storage Tanks #1
& 2 and Underground Pipe

1. Continue existing fuel oil sampling program
2. Track cumulative time cathodic protection system is inactive

Diesel Fuel Oil Day Tanks #1 & 2

1. Continue existing fuel oil sampling program
2. Periodic visual inspection to verify paint is intact

Diesel Fuel Oil System Piping

Pericdic visual inspection to verify paint is intact

Diesel Generator Piping (water,
air, lube oil)

Periodic visual inspection to verify paint is intact

Purge System Piping (carbon steel)

Periodic visual inspection to verify paint is intact

Purge System Tanks (outer shell)

Pertodic visual inspection to verify paint is intact

GWSB Canister Supports

Confirm that the lifetime radiation exposure is < 4 x 1019 rads

Steel Structures (general)

1. Confirm that steel structures are not in contact with
dissimilar metals
2. Periodic visual inspection to verify coatings are intact

Concrete Structures (general)

1. Survey & document cracks that currently exist
2. Ensure procedures are in place for the prompt cleanup of
__chemical spills

FESV

Evaluate whether any degradation has occurred from water
intrusion

Vitificaton Building

Reevaluate likelihood of groundwater damage if the water table
has risen above the elevation of the building base

LWF Cells, Sand Filter, FESV,

Confirm that the lifetime radiation exposure is < 1010 rads

LPPP Cells & Cell Covers,
GWSB Vault Supports, _
Coated Concrete Structures Periodic visual inspection to verify coatings are intact
GWSB Vault Supports Reevaluate potential for high temperature degradation after

GWSB thermal analysis is complete
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Materials Technology Section

MATERIALS DEGRADATION ASSESSMENT FOR DWPF TANKS (8)]

Summary

The susceptibility of DWPF tanks and tank internals to in-service degradation has been reviewed
as part of the DWPF Structural Integrity Program. No reduction in mechanical properties is
expected from service conditions; however, a loss of net section is predicted due to corrosion
(general, crevice, pitting, and SCC) and erosion. Significant general corrosion rates (up to §
mil/year) are predicted for several tanks and internal components. The remaining tanks and
internals evaluated should have low corrosion rates (< 2 mil/year). All tanks that contain frit
have a potential for erosion. Table 1 summarizes the available degradation data for each tank in
the scope of this assessment. Data are taken from (1) laboratory test data in simulated DWPF
chemistries, (2) test coupons from pilot plant systems, and (3) inspection data from DWPF and
pilot scale systems.

The nominal service life estimates range from less than 12 years to 60 years, based on the time
for general corrosion to consume the corrosion allowance of 1/16 inch. Local corrosion and/or
crosion may reduce the sexvice lives of several tanks below these nominal values. Tanks thinned
in excess of the corrosion allowance may require structural analysis to support continued
operation. Failure to meet structural requirements, or leakage due to local corrosion/erosion,
would signal the end of the tank’s service life unless repair is feasible. In-service inspections
(ISI) and baseline inspéctions conducted under startup test program FA-04 [6, 26), and
laboratory testing are recommended to provide erosion and local corrosion rate estimates. The
need for subsequent periodic ISI will be assessed based on the FA-04 results. Current
inspection plans, summarized in Table 2, should be implemented as described. Details of
additional recommendations will be developed and reviewed with the DWPF Structural Integriry
Team.

Background

As part of an initial phase of the DWPF Structural Integrity Program [1], a number of the process
tanks (and their cooling coils and agitators) were singled out for consideration of potential
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degradation. This initial review is restricted to key tanks identified by DWPF personnel [2].
Efforts 1o characterize potential matenials degradation of other DWPF components are continuing.

Table 1. Summary of DWPF tank degradation data

SRT-MTS-945193
Page 2 of 15

Susceptibility o
General Other Forms of  Nominal Service Additional Dar
Tank Corrosion Rate  Degradation ! Life Estimate Recommended
PR 5 mpy steam No 12 yr steamn coils none
coils 60 yr remainder
1 mpy remainder
CE § mpy steam No 12 yr steam coils none
coils 60 yr remainder
11 mpy remainder
OECT |2 mpy P, C, SCC TBD 2 ISI 1o evaluate suscepubility
) and quantify local antack rates
- QECD {< 1 mpy No 60 yr none
PRCD |<1mpy No 60 yr none
PRFI' |notquantified =~ Norelevantdata 60 yr none
but <1 mpyis- found, but none
L expected expected
- PRBT |1 mpy No 60 yr none -
SME 1 mpy +  Erosion TBD? inspection before hot runs to
‘ _ quantify erosion
SMECT | 1 - 5 mpy Probably none  12-60yr inspection before hot runs to
. verify general corrosion rate
: and absence of local attack
SRAT |1 mpy No 60 yr noane -
RCT 1 mpy No 60 yr none
MFT 1 mpy Erosion TBD? inspection before hot runs to
quantify erosion
OGCT |1 mpy _No 60 yr none .
SAS No data available P TBD? inspection of TNX SAS to
(vapor) : assess susceptibility to
corrosion
SAS 1 mpy No 60 yr none
(lig.)
0OGC 1 mpy No 60 yr none
HEME |1 mpy No 60 yr none
HEPA |1 mpy No 60 yr none
OGQ |TBD? EG, P, primary TBD 2 inspection before hot runs 1o
(vapor) ) & backup assess susceptibility to
‘ o corrosion
0GQ 1 mpy, primary  No, primary 60 yr primary inspection of IDMS OGQ to
(lig.) {4 mpy,backup P,SCC, backup <15yrbackup quantfy local attack on

1 P - pitting, C - crevice, SCC - stress corrosion, EG - end grain. No significant degradation was
identified from corrosion fatigue, galvanic corrosion, hydrogen embrittlement, or radiation

effects.

2 TBD - To be determined. Lack of information on local corrosion, erosion, or general corrosion
rates prevents establishing a nominal service life estimate.
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Table 2. Current plans for future inspection of DWPF process vessels
Inspection . _ :
%’g_ Planned Tank / Coil Inspection Reference
coid run | Visual inspection of critical or representanive pieces of equipment , 4,
feed tests & (tanks, coils, agitators, etc.) - especially look for erosion on
before adding back side of lower agitator blades and tank floor behind coil
mercury support guides

Thickness measurements in critical wear areas
Analysis of process streams for chemical composition

After mercury | Visual examination and tank thickness measurement (erosion and 3, 4, &
feed runs corrosion evaluation) of SRAT, SME and MFT, including
agitators, steam and cooling coils, sample pumps and wansfer
Visual inspection of all accessible process vessel exterior surfaces
Video probe inspection of the interior of selected vessels,
including welds .
Remove corrosion sample racks from process tanks (SRAT, SME,
MFT and PR) for evaluaton
Analysis of process streams for chemical composition

The materials of construction for the DWPF process vessels were selected following a laboratory
test program that evaluated the susceptbility of a nurnber of candidate alloys to expected process
conditions {3, 4, 5]. After the inital selection of Alloy 20, further confirmatory tests were
performed under more prototypic conditions. These tests included a small scaie melter test {at
PNL) which incorporated the combined effects of formic acid, halides, mercury and abrasion.
Following the observation of pitting and crevice corrosion of Alloy 20, the reference material was
changed to Hastelloy C-276 which resisted such local attack and had a low general corrosion rate.
There are two process areas addressed in this report that do not use C-276: tanks which do not see
the sludge / formic acid environment are made of stainless sweel (304L or 316L), and the primary
Off-Gas Quencher is constructed of Allcorr [5).

'I'hcmamﬁalsveﬁﬁcaﬁonpmgmmissﬁumgoingasphnsexistmmspectsomeofmemnks.
Mmalwmpmensandpipingaﬁamwchenﬁcalnmsandmcmymsmvmfycxpecwd
performance 3, 4, 6]. In addition, TNX operating experience and inspection results continue to
provide data relevant w some DWPF operations. This TNX experience is based on the IDMS (a
1/10 scale version of the DWPF system) and the full scale SRAT/SME tank. Inspections and
coupon test data from these components provide a good indication of key areas of DWPE to
inspect. Current plans for inspection of DWPF components are summarized in Table 2.

mmmtdmemmdmmﬁngmw&nﬁfymmﬂs&mmmmpableof
achieving the design life for each component Planned future testing will validate the material
selections by providing datz under fully prototypic conditions. The followup testing also provides
the opportunity to examine any components whose service conditions might not have been well
approximated in earlier testing and for which no good estimate of degradation rate curreatly exists.

The design life of the major process eq ipmeat (other than the melter) is § years, while that of the
permanent piping is 20 years [3]. Obviously, if the integrity of the process equipment can be
danonsu'atedforlongcrthanthedosi'gnﬁfe,savingsinopmﬁngdmandmp@em;ntcostscan
be realized. The continuing tests and inspections should help establish realistic service life
estimates, .
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This report identifies potential degradation mechanisms and rates for the DWPF process tanks,

agitators and coils. The degradation mechanisms that are considered in this report have been
described in reference 7 and are sumrnarized as follows:

General Corrosion - uniform attack that results in gradual thinning of the material.

Transgranular Swress Corrosion Cracking - cracking that occurs due to the combined action of
material, environment, and stress.

Pitting Corrosion - localized attack typically leading to relatively small throughwall holes.
Crevice Corrosion - localized attack at crevice locations due to isolation from the bulk chemistry,

Intergranular Stress Corrosion Cracking - attack and cracking along grain boundaries due to the
combined action of a sensitized microstructure, environment and stress.

Corrosion Fatigue - accelerated attack due to the combined effects of a corrosive environment and
cyclic loading.

Erosion - wear of the metal surface due to an abrasive fluid.

Erosion Corrosion - accelerated attack due to the combined effects of a corrosive environment
and anabrasive fluid that removes a protective oxide layer,

GalvanicConosim-couosimofthemoreacﬁveofzmetalsinconmctwithmhomcrinthc
presence of an electrolyte.

'Radiation Induced Erosion - Removal of material due to spurtering and/or blistering from alpha
radiation. -

Hydrogen Embrittlement - loss of ductility and the potential for cracking due to migration of
hydrogen into the metal lattice.

Radiation Embrittlement - loss of ductility and toughness due to radiation interactions that disrupt
the metal lattice structure.

End Grain Corrosion - preferential antack of inclusions, grain boundaries and other defects which
are more numerous on surfaces transverse to the rolling direction.

The above list of degradation mechanisms does not include suctural failure modes such as stress
overload, fatigue, or creep. Review of available test data on the alloys and environments of
interest identifies the possibility of degradation due to general corrosion, pitting corrosion, crevice
corrosion, galvanic corrosion, transgranular cracking, and end grain attack. Within the DWPF
process tanks, galvanic couples exist only in the case of Stellite overlay on the agitator blades.
This case is addressed in the discussion of SRAT / SME / MFT corrosion. In addition, there are
dissimilar metals in contact at various locations in the lines between the tanks. While outside the
smedscopeofdﬁsreport,itisnowdthattheselocaﬁonswou].dbesusccpdbletogalvanic
corrosion.

Erosion corrosion is a particular concern due to the presence of glass frit, which is a relatively hard -
abrasive material. Inspection data from some TNX and DWPF components (discussed in more
detail below) indicates that significant erosion can occur. '
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Free hydrogen can come from two sources: from the process fluid, or from a corrosion reaction.
In DWPF, free hydrogen can be generated in the SRAT, SME, and MFT from the formic acid.
While a purge is present to maintain hydrogen levels beiow the point of flammability concerns, a
low level of hydrogen might be present within the slurry on a continuous basis. The possibility of
hydrogen embrittiement of these three tanks and their internals is discussed further below. The
remaining tanks have sufficiently low corrosion rates that little hydrogen should be generated, and
hydrogen embrittlement from this source is not expected. :

Corrosion fatigue requires application of a cyclic load in a corrosive environment. Such loading
might occur in an unbalanced agitator shaft (high-cycle fatigue), or following thermal cycles of the
heating and cooling coils (low-cycle fatigue). Corrosion fatigue is not considered likely unless
significant cyclic loads are present.

The test data reviewed did not include radiation effects (radiation induced erosion and radiation

. embrittlernent), but they are not considered likely based on expected radiation ievels. The radiaton
source in DWPF is the waste currently stored in the waste tanks. The rate of radiation-induced
erosion due to alpha sources is insignificant compared to nominal corrosion rates in waste tank
structures [7]. The radiation damage w the high heat, high level waste tank walls over a 50 year
life is estimated to be about 10-7 dpa [8], whereas damage on the order of 102 dpa or greater is
typically necessary for observable loss in ductility in austenitic stainless steel at low irradiation
temperatures (< 150 °C) [9). Itis judged that the different geometry of the DWPF process vessels
mﬂmedegreeofconcenaaﬁonthatoocmsinthemismtsufﬁciemmincmasethctankwall(or
coil) fluence by 5 orders of magnitude. Therefore, radiation effects are not expected.

Tabie 3 provides a list of the equipment considered. These tanks include those in the salt process
cell and the chemical process cell. The tanks and internals are consmucted of Hastelloy C-276,
stainless steel (type 304L or 316L), or Allcorr. For simplicity, the discussion is squctured
acwrdingmmmaialmvhnnmemmmbhaﬁmsmmmanaddmssingmhmnksepamdy.

Table 3. DWPF components evaluated for degradation

“Tank Coils Agitator  Matenial
_Precipitate Reactor (PR) 85 psi steam, PCW *_yes C-276

anic Ev. QE) 85 psi steam, PCW yes - C-276
OE Condensate Tank (OECT) no yes 304L
OE Condenser/Decanter (OECD) PCW no C-276
PR Condenser/Decanter (PRCD) PCW no C-276
PR Feed Tank (PRFT) PCW_ yes C-276
_PR Bottoms Tank (PRB PCW yes C-276
Slurry Mix Evaporator (SME) 83 psi steam, PCW  yes C-276
SME Condensate Tank (SMECT)  PCW - no 316L
_Sludge Receipt & Adg'ustmcnt Tank (SRAT) 83 psi steam, PCW  yes C-276
Recycle Collection Tank (RCT) PCW yes C-276
Meiter Feed Tank (MFT) PCW yes C-276
Off-Gas Condensate Tank (OGCT) PCW yes - C-276
Steam Atomized Scrubber (SAS) no no C-276
Off-Gas Condenser PCW no C-276
High Efficiency Mist Eliminator (HEME) no no C-276
HEPA Filter Assembly _ no no 304L
Off-Gas Quencher (OGQ) no no éllzc‘l’:;r ﬁ

* PCW - Process Cooling Water _
** The primary OGQ is fabricated of Allcorr. The backup OGQ is fabricated of C-276. (10]
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The nominal corrosion allowance in the design of the tanks is 1/16 inch. (Some local regions,
such as the tank bottomns, have a larger corrosion allowance.) This same allowance (1/16 inch) is
assumed for the steam'and cooling coils. This allowance would apply for uniform thickness loss
due to general corrosion or erosion. Additional wall loss could be justified for local wall thinning
beyond the corrosion allowance, such as results from pitting or crevice corrosion, but structural
analysis may be required. The primary consequence of local attack to be avoided is throughwall
penetration.

The likely impact of component failure can be estimated for some degradation modes. For
example, forms of local attack such as pitting or crevice corrosion could lead to local tank wall
penetration, with minor leakage resuiting. Penetration of steam or cooling coils would lead to in-
leakage during normal operation, due to the differential pressure. Only in the extreme case of
widespread attack would more severe failures be anticipated. Erosion could affect local regions
preferentially, as determined by slurry flow patterns, or it could produce uniform wall thinning.
Uniform wall thinning will also result from general corrosion.

Uniform wall thinning rates (due to general corrosion or erosion) can be used to estimate the period
of time required for the corrosion allowance to be consumed. This approach would maintain the
required beginning-of-life zgltlxcn;cml sag'le‘;yd l;mrgms throughout the tank life. However, relaxed
structural margins can typically be inv Or equipment in service provided supporting analysis
is performed (see ASME Boiler & Pressure Vessel Code, Section X1, for example). Preventing
leakage of any type is more difficuit due to the variability of erosion and local corrosion rates
within crevices or pit locations. Inspection locations should be selected to maximize the likelihood
of finding such degradation.

Table 4.a. Summary of tank liquid énvimnments.

Max. Temp. Tank Service Chemistry (wt %)
Tank 0 NO3- NOZ SO4-2) COOH- PO43) - CI  Cu(+?) Hgd)

pH
PR 100 2 0.0005 0 0.017 2.195 0.0001 0.0001 0.0005 0.096 0.035 (Hg)
OCE 100 4 0 0 0 0.0018 0 0 0 0 0.0003
QECT 50 5 0 0 0 0 0 0 0 0 0.0015
QECD 50 4 .0 0 0 o0 0 0 0 0 0.0005
PRCD 50 2 -0 0 0 0293 0 0 Q Q0 0
PRFT 40 12 0,001 04. 0.05 0 0000t O 0,001 0 0.056 (Hg)
PRBT 45 2 0.0005 0 0.017 2.181 0.0001 0.0001 0.0005 0.095 0.005 (Hg)
SME * 100 7 2129 O 0.11 1.733 0001 0.003 0.004 0.112 0.043 (Hp)
SMECT 50 1 036 0 0 0 0 0 0 0 0.028 Hg)
SRAT 100 3 2746 0 0.142 2292 0001 0.004 0005 0.144 0.06% (Hg)
RCT 50 7 0321 0.002 0003 O 0.0002 0.0002 0.0005 0 0.008 (most Hg)
MFT * 50 7 209 0 0.048 1972 0001 0003 0003 0.107 0.04 (Hg)
OGCT 50 2 0.023 0.0005 0006 O 0 0.0005 0.0005 0 0.016 (most Hg)
SAS 50 .2 0023 0.0005 0006 0 0.0005 0.0005 0.0005 0 0.015 (most Hg)
Off-Gas 10 2 0.045 O 0 0 0 0 0 0 0204 (Hg)
Condenser ;

0GQ 50 2 0073 0.0005 0.006 0 0.0005 _0.0005 0.0005 0 0.016
* The SME and MFT also contain glass frit and are subject to erosion as well as corrosion.
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Table 4.b. Summary of tank gaseous environments,

Max. . Tank Service Chemistry (wt %)

Temp. | Compounds of.... Gases
Tank ©C) [NO3 NOZ S04 COOH PO4 F Cl Hg |NO NO2 502 SO3
oGQ 380 0 0 0005 O 0.001 0001 0.001 0.003§0.013 0.19 0 0
HEME 100 ¢ocL 0 0 0 0 0.0001 0 0.001]0.091 0.171 0 0
SAS 50 0.04 0 0.0001 0 0.0001 0.001 0.001 0.01 |0.085 0.16 0 0
HEPA 20 0001 0 0 0 0 0.0001_0 0.001]0.091 0.17 0 0

For tanks which contain 85 psi steam coils, the steam saturation temperature of 164 °C is assumed
for the coils. Therefore, the steam coils will be much hotter than the tank and other internals, and
are considered separately.

Where the contents of a tank were split between solubie and insoluble species, the concentration of
soluble species is cited. In general, the insoluble species other than mercury are assumed to remain
in the bulk solution due to agitation. Calcium phosphate (Ca3(PQ4)z) is assumed always insoluble
and is not included in the phosphate concentration. One exception is in the case of mercury.
Where the mercury is present in elemental (insoluble) form, that is noted. Most of the tanks (PR,
PRFT, PRBT, OECT, SME, MFT, SRAT, SMECT, RCT and OGCT) have sumps to collect
elemental mercury, which is periodically pumped to the MWWT. However, reference 12 identfies
that C-276 experiences little corrosion (< 2 mpy) from elemental mercury. Testing in simulated
offgas condensate solutiohs shows crevice corrosion atributable to only in the +2
oxidation state (i.e., HgCly). Such antack is accelerated in the presence of 0.1% nitrate (13}

Corrosion Evaluation - General:

Several sources of corrosion data for the tank materials have been identified. The primary
reference usedinmismviewrcpmsdamoompﬂedbymcDuPomEnginecﬁngTwCenm(ETC)
{14]. In many cases, the test environment provides a reasonable match to that listed in Table 4,
since the test data were developed in support of materials selection for DWPF components.
However, due to changes in the anticipated DWPF process chemistry over time, the test conditions
do not provide an exact martch in most cases. Therefore, the best match(es) available is presented
for each component. In many cases, the selected test environment is more severe in terms of
conining greater concentrations of some chemical species. Components for which a bounding
match (i.e., the test solution matched or exceeded the concentration of important species) was not
identified are discussed further below.

Tables 5 - 10 summarize the test conditions and results that best apply to each tank. In some cases,
more than one test approximates or bounds the tank conditions, and multiple results are cited. Test
coupons are identified by ETC by designations such as F (flat), C (crevice corrosion), UB (U-
bend), and HW (hot wall). Additional data is drawn from reference 10, which reports results from
examination of the IDMS corrosion coupons. These cou: were inside several of the IDMS
tanks during several runs which simulate about 4 months of DWPF operation. In this time, 3 of
the 20 batches of sludge that were processed were of a chemistry consistent with that listed in
Tabég 4. Therefore, the corrosion results from these coupons are applicable to anticipated DWPF
conditions. :

Corrosion rates of test coupons are given in terms of an average corrosion rate, where appropriate.
In other words, for corrosion attack of the general surface, the attack is assumed to occur at the
same rate over the entire surface. In cases of local attack, a corrosion rate is more difficult to
assess and may vary with time. Therefore, corrosion rates are not cited for local attack, but rather
the number of corrosion sites observed is reported.
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Corrosion Evaluation - PR, OE, PRBT, PRFT:

The test solutions listed in Tabie 5 provide an approximation o the identified tank conditions,
exceeding the tank conditions for nitrate, formate, chloride and . On the basis of this data,
general corrosion rates of 5 mpy for the PR and OE steam coils and 1 mpy for the other PR, CE,
and PRBT components are predicted. Local attack is not expected to be significant.

No reasonable match was found between the PRFT tank conditions and test solutions. An estimate
of the corrosion rate for this tank can be obtained from future inspections [6]. In general, C-276 is
not expected to experience significant corrosion in high pH solutions. A nominal general corrosion
rate of 1 mpy is assumed for the PRFT. No local attack is expected.

Table 5. Data Summary for PR, OE, and PRBT

PR, OE, PRBT ETC test soludion | PR & OE ETC test solation
cooling coils & 4A-60nC-276 steam coils 4A-8 on C-276
' tator
E Temp. (C) 100 90 164 185
n pH 2 1.8 2 - 1.8
v NO3 (wt%) 0.0005 0.5 0.0005 - 0.5
‘i NO2- (w1%) 0 0 0 0
r  S04(-2) (w1%) 0.017 0.07 0.017 0.1
o COOH-(w1%) 2.195 10 2.195 10
n  PO4(-3) (wt%) 0.0001 0 0.0001 0
m F.(wt%) 0.0001 0.01 0.0001 0.01
¢ Cl. (wi1%) 0.0005 0.045 0.0005 0.045
n Hg/Hg(+2) (w\1%) | 0.035 0.125 *10.035 0.125
t  other (wi%) 0.096 Cu 02Cu 0.096 Ca 0.2 Cu
Test Results 0.8 mpy, C 5.2 mpy, HW, weld
0.9 mpy, F, weld

Corrosion Evaluation - OECD, PRCD: '
Table 6 identifies two test solutions relevant to the OECD and PRCD chemistry. Test solution A-2
bounds the chemistry except for the absence of and shows no attack. Test solution 4A-5
is much more aggresive in 2 number of species, but bounds the identified tank chemistry. This
very conservative solution shows a corrosion rate of 1.1 mpy. A nominal corrosion rate of less
than 1 mpy will be assumed for the OECD and PRCD.

Table 6. Data Summary for OECD and PRCD

OECD, ETC test soluion ETC test solution
PRCD tank & A-2onC-276 4A-50nC-276
cooling coils

E Temp. (C) 50 98 90

n pH 2 2 1.8

v NO3-(wt%) 0 0 0

i NOZ-(wt%) |0 0 H

r SO4(-))(wi%k) |0 ° 0 0.07

o COOH-(wt®) 10293 3.5 10

1 PO4(-3)(wt%) | O 0 0

m F-(wt%) o 0 0.01

e Cl- (wt%) 0 0 0.045

n  Hg(+2) (m1%) [ 0.0005 0 0.125

t _ other (w1%) 02 Cu

Test Resuits 0 mpy, F 1.1 mpy, C
0.8 mpy, F weld
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Corrosion Evaluation - OECT:

In addition to the Table 7 data, the literature identifies corrosion rates of < 2 mpy for 304 stainless
steel in 10% mercuric chloride at 38 °C, and < 20 mpy at 93 °C [12]. A generai corrosion rate of 2
mpy is therefore assuimed for the OECT tank and agitator. Local attack (pitting, crevice corrosion,
and cracking) is possible, but the test results might reflect the increased severity of the test solution

over that expected in service. A program of in-service inspection [6) is recommended to idendfy
the likelihood and rate of local attack in service.

Table 7. Data Summary for OECT

OECTtank & ETC test solution ETC test soluton

agitator 2B-1 on 304L 3C-1 on 304L
E Temp. (C) 50 95 100
n pH 5 4 (cond.), 6 (Lig.) 0
v NO3- (wmt%) 0 0 0
i NO2- (w1%) 0 0 0
r SO (wtk) (0 0.14 0.018
o COCOH-(wt%) {0 0 0
o PO4(-3)(w1%) [0 0 0
m F-(wmi%) 0 0.23 0.006
e Cl- (wt%) 0 2.01 0.021
o Hg(+2) (w1%) | 0.0015" 1.0 0.025
t  other (wt%) 0031 0.001 1,

' 0.028 C6HSOH
Test Results 0.1 mpy, C & UB, weid (condensate) 0.1 mpy, F
1.2 mpy, C & UB, weld (liquid) with
29 pits, 1 CC siwe and cracking

Corrgixbn Evaluation - SME, S%ﬁ, ASJFT RCT: g

The SRTC test solution cited in- € O was set up to represeat liquid, vapor, liquid/vapor, and
condensate regions. In addition, no pitting was observed in cyclic polaﬁzaﬁonhqtcsts. C-276
coupons in the IDMS SRAT/SME (vapor space, liquid/vapor zone) and MFT (vapor space,
liquid/vapor zone) showed no signs of general, crevice or pitting corrosion. Grinding marks from
fabrication were still visible, although the surfaces were stained. On the basis of this data, a
bounding general corrosion rate of 1 mpy is assumed for the SME, SRAT, MFT, RCT, and their
internals, Lmalaumkisnmexpwtedmbesigniﬁcangbuttheimpamofmacmyismtaddmssed
in the available data. Test program FA-04 should indicate whether these tanks are susceptible to
mercury attack.

Someofthesemnkswﬂlconminglass&iumisingconmnsofmion(seebelow). Anticipating
thispossibility,someoftheaginmrbladesoontainstdﬁmwalayinmsexpectedmwearme
fastest. With the introduction of a different metal, the ibility of galvanic corrosion arises.
Data from reference 12 (in solutions 1B-2, 2A-1, and 3B-2) are inconclusive as to whether these
two materials produce an active galvanic couple. Therefore, ¢ i i
pafomedmmaned:emngmofthegalmicoouplzbetweenthwctwoanays[16]. These
tests show a low difference in galvanic potential (0.04 volt) and displayed an initial active stage
(high current) followed by passivation (low current) and low corrosion rates. The estimated
corrosion rates are < 1.6 mil/year at 95 C.

Hydrogen evolution from formic acid can occur in the SME, SRAT, and MFT. Depending on the
material condition of the tank and its internals, and their environment (temperature, hydrogen
concentration, and the presence of galvanic couples), hydrogen embrittlement might occur,
Embrittlement has been observed in cold worked C-276, and cold worked plus aged C-276 (17,
18]. Reference 18 found that cold-worked C-276 underwent hydrogen embrittlement only when
samples were galvanically coupled to steel, even though a hydrogen-rich environment was present.
In other words, without the galvanic couple, insufficient hydrogen was picked up by the C-276 _
sample within the duration of the test (~ 100 days) to cause embrittiement. The literature does ot
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indicate whether embrittiement would occur over much longer exposure times, but reference 19
suggests the passive surface film might partially control the hydrogen absorption rate.

The following fabrication details were identified in discussions with DWPF personnel (J.T. Gee):
* The ank walls were formed from annealed plate, with minimal cold working involved.
* The tank top and bottom heads were solution annealed after fabrication,
» The coils were cold bent (to as tight as a 4 foot radius), and were not solution annealed.

The coils, therefore, might be susceptible to hydrogen embrittlement, but no mechanism is present
to concentrate hydrogen on the coil surface. Therefore, hydrogen embrittlement of the coils is
judged unlikely.

Table 8. Data Summary for SME, SRAT, MFT, and RCT

SME, SRAT,  SRTC test SME, SRAT SRTC test
MFT, RCT solution (ref. 15] | steam coils solution [ref, 15)
tank, cooling on C-276 oa C-275
coils & agitator
E Temp. (C) 100 100 164 150
n pH 3 4 3 4
v NO3- (w1%) 2.746 4.65 2.746 4.65
i NO2- (w1%) .0.002 0.001 0.002 0.001
r  SO4(-2) (w1%) 0.142 0.0167 0.142 0.0167
o COOH- (m1%) 2.292 0.0001 2292 0.0001
n PO4-3) (w1%) 0.001 0.0001 [0.00% 0.0001
m F-(w1%) 0.004 0.0133 0.004 0.0133
¢ Cl-(wi1%) 0.005 0.1014 0.005 0.1014 \
n  Hg/Hg(+2) (w1%) | 0.069 0 0.069 0
t Cu(+2)(wmt %) 0.144 0 0.144 0
other (wt%) 15 wt% solidy 15 wt% solids
" Test Results < impy F < 1 mpy, HW

Corrosion Evaluation - OGCT, SAS, Off-Gas Condenser:

ETC test data is summarized in Table 9. In addition, C-276 coupons in the IDMS OGCT (vapor
space and liquid zone), Off-Gas Condenser (vapor inlet), and SAS (drain) showed no signs of
general, crevice or pitting corrosion. Grinding marks from fabrication were still visible on the
OGCT samples, although the surfaces were stained. On the basis of this dara, a bounding general
corrosion rate of 1 mpy is assumed for the OGCT, SAS, Off-Gas Condenser, and their internals,
Local attack is not expected to be significant.

Table 9. Data Summary for OGCT, SAS, and Off-Gas Condenser

OGCT, SAS (liquid), ETC test solution ETC test solution
& Off-Gas Condenser 4A-6 oan C-276 .1C-1 o0 C-276
tank, cooling coils &
W st AgHatr
E Temp. (C) 50 9%0 101
n pH 2 1.8 32
v NO3- (wt%) 0.045 0.5 N |
i  NO2(wt%) 0.0005 0 0
r  SO4(-2) (wt%) 0.006 0.07 0.08
o COOH- (w1%) 0 10 0
n  POI-3) (w1%h) 0.0005 0 0
m F-(wt%) 0.0005 0.01 0.3
e Ci-(wt%h) 0.0005 0.045 2.62
n  Hg/Hg(+2) (w1%) | 0204 0.125 7.38
1 other (wt%) 0.2 Cu —
Test Resuits . 0.8 mpy, C 02 mpy, C
09 mpy,F, weld 0.2 mpy, F, weld
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Corrosion Evaluation - SMECT, 0GQ:
In addidon to the data cited in Table 10 for the SMECT,
(vapor inlet) were inspected {10]. They showed no
Grinding marks from fabrication were still visible,
data sources indicate general corrosion rates ran
a high ratio of NO3- to Cl-

tends to inhibit corrosion at hi

a low pH, the NO3-/Cl- ratio for each of the test solutio

are more applicable, Accordingly,
for preliminary estimates of de
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316L coupons in the IDMS SMECT

signs of general, crevice or pitting corrosion.
although the surfaces were stained. Several
ging from < 1 to 10 mpy. Reference 20 shows that

gh pH. Although the SMECT operates at

ns suggests that the lower corrosion rates
a range in general corrosion rate of 1 - 5 mpy is recommended
gradation of the SMECT and its internals. Inspection of the SMECT

prior to hot runs is recommended to resolve the significant difference in observed test behavior.

The possibility of local attack is suggested by the ETC data. However, the results on the SRTC

solution (a less agressive solution that bounds the acnzal
susceptibility to pitting. Therefore, local attack is not consid

SMECT is desirable to confirm this conclusion.
Table 10. Data Summary for SMECT and OGQ drain

ated tank conditions) indicate no
ered likely, but inspection of the

SMECT ETCitest SRTC soln OGQ ETC test solution ETC test solution
gank &  solution  PN21 PHA, tank 3B-2on Alkorr  3B-20nC-276
cooling 3B-2on  diluted & acidified (iquid)
coils . 316L (ref. 21), on 316L
E Temp. (C) 50 90 50 & 70 50 90 & 95 90, 95 & 100
n pH 1 22 1 2 12&22 1.6 & 2.2
v NO3- (wt%) 0.36 0.1 0.14 0.023 0.1 0.1
i NO2-(w1%) 0 0 -0 0.0005 © 0
r  SO4{-2) (w1%) 0 0.08 0.004 0.006 0.08 0.08
o COOH- (wt%) 0 0 0.24 0 0 0
n  PO4(-3) (w1%) 0 0 ~0 10.0005 © 0
m F-(w%) 0 0.03 -0 0.0005 0.03 0.03
e Cl-(wit%) 0 025 0.008 0.0005 0.25 0.25
n HgHg(+2) (wi%) { 0.028 0.1 1 drop Hg 0.016 0.1 0.1
t__ other (wr%) 0.0031 0.003 I 0.003 I
Test Results 7-10 mpy, 50C: 0.04 mpy 0.1-03 mpy,C 03-2mpy,C&F
SC, 70C: 0.05 mpy &F 2850 mpy, special C w/
10 pits & Not susceptible 0-03 mpy, C &  stress or heat treat
24 CC ' 1o pitting based F, weld 03-3.6 mpy, C & F,
sites in 14 oo CPP scan. 0.1-1.2 mpy, F,  weld, some with weld or
days weld@ 60 C intergranular attack (IGA)
0 mpy, UB, weld 0.8 mpy, UB, weld, with

weld & IGA

In addition to the Tabie 10 data for the OGQ
subject to acid dew poiat conditions (i.e.,
General corrosion rates of 1 mpy for the
appear reasonable based on the above data. In addition,
limited pitting and local attack around welds {4]). Inspection of
quantify local attack rates on the backup OGQ. Detils of the
coupons were not provided, but such conditions are
the U-bend specimen showed little corrosion even

Corrosion Evaluation - Off-Gas Quencher,
The Off-Gas Quencher, HEPA and HEME gaseous
coupons in the IDMS. As discussed above, 3 of the batches
place are representative of the chemistry listed in Table 4, Table 11
coupons. No coupons were placed in the IDMS SAS gas stream.

OGQ (Allcorr)

streams

e

» some localized pitting was seen in C-276 coupons
condensation) in the PNL small scale melter test.

and 4 mpy for the backup OGQ (C-276)
be susceptible o

is recommended w0
special siress and heat treat C-276
probably beyond normal operation. Note that
though it is in a stressed condition.

HEPA, HEME gaseous streams:
were tested through corrosion

while the coupons were in

summarizes the data from these
However, based on coupon
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data from the PNL smail scale melter, the SAS might be subject to pitting attack in areas of acid
condensation, similar o the backup OGQ (4], Additional laboratory data or inspection results are
needed to evaluate degradation rates from the SAS gas stream. -

Table 11. Gas Stream Dara Summary from IDMS Components

Component Coupon Matenial Results

md E;_nlet) 216 Minor end grain attack, minor pitting, detimite
but satisfactory general non-uniform attack

0GQ (Inler) Allcorr Moderate end grain attack, moderate pitting,

. minor general non-uniform attack

HEPA (Inlet) 304L No general, pitting, or crevice corrosion, no
significant weight change

HEME (Inlet) C-276 No general, pitting, or crevice corrosion, no

' significant weight change

HEME (Qutlet) C-276 No general, pitting, or crevice corrosion, no

significant weight change

Onthebasisofttha.bIc‘Ildam,addiﬁonaldmshouldbedcvelopedwassessthecmosionratc
for the OGQ (fabricated of either C-276 or AllcorT). Additional data is also required to evaluate the
SAS. It is recommended that such data be obtained from examination of these DWPF and/or TNX
components prior to hot runs. Inspection of the IDMS OGQ (fabricated from C-276) could also
provide important data. Followup inspections of the TNX SAS are recommended to evaiuate its
susceptibility t general or local attack. Based on the observed lack of atmack on the HEPA and
HEME coupons, a nominal general corrosion rate of 1 mpy is considered reasonabie, with no local
corrosion expected. ‘ ‘

Erosion Evaluation:

In addition to the potential for corrosion degradation, the SME and MFT contain frit which can act
as an abrasive leading to erosion of the tanks and tank internals. Areas of concern for erosion
include any region of the tank or internals which is exposed to moving frit. Areas particularly
susceptible to erosion are those which experience turbulence in the slurry, such as regions of the
agitator blades and near internals that present flow obstructions. The effect of frit on component
wall thinning was evaluated as part of the materials selection program [22). Several conclusions
were reached at that time:

* The frit tends to be alkaline, and the process acid additions tead to reduce the abrasiveness of
the fric. .

* Agitation also tends to decrease the frit abrasiveness. _
* Rotaring disk abrasion tests using SME-type slurry produced significant wear rates in C-276.

* Abrasion tests similar to ASTM G75 simulating SRAT/SME conditions showed different, but -
stll significant, wear rates in C-276.

The nature of the abrasion tests that were performed, and the results reported, suggest that they are
best used for relative ranking purposes rather than absolute predictions of in-service performance. -

Beuer indications of expected erosion behavior are available from DWPF and TNX component
inspections (23, 24, 25]. Inspections have been performed on several vessels at DWPF and TNX
to characterize the degree of erosion. These vesseis include the SME and MFT at DWPF, and the
full scale SRAT and IDMS SRAT/SME at TNX.
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The inspections of these vessels concentrated on the agitators, although the TNX SRAT coils and
the inside of the two TNX vessels were also viewed. Thicknesses were recorded for the agitator
blades from all four tanks, and for the two TNX tanks and their coils. However, the pre-service
dimensions are generally not known, so reliable erosion rates cannot be inferred. It was noted that
all surfaces had some degree of polish resulting from service wear, although most areas had no
significant metal loss. -

No significant wear to either of the TNX tanks was noted in recent inspections by either visual or
UT techniques [23, 24, 25). On the other hand, past inspections identified wear on the floor near
the bumper guides of the TNX full-scale SRAT/SME [4]. Areas of erosion were noted on the coil
support structure and around welds on the lower coils. Distinct wear patterns were observed on
the upper agitator blades, but the total metal loss from these regions appeared to be minimal. The
greatest erosion was generally observed on the lower agitator blades. Several variations in design,
involving the blade artachment tab configuration, and the use of Stellite overlay in different areas,
are represented in the several agitators, with some agitators incorporating two or more variations.
Regions of wear on the lower blades are primarily on the back of the blade, near the corners of the
attachment tabs, and in regions above and below the artachment tabs. Extreme cases include
throughwall penetration. Stellite overlay around the blade edge appeared effective in reducing
erosion of the edge, but overlay across the tab comers simply cansed a shift in erosion patterns in
those areas. Vanations observed among the several designs suggests that design changes can
mﬂymduuagimbhdemﬁom&tﬁmmmmwwﬁonmwoumm“ededw
confirm a final design.

Thewearonmeagimbladwgenmnydoamudinbcaﬁonsmappearunljkelymimpact
structural integrity. Greater (and possibly life-limiting) concerns resulting from the observed
erosion patterns might include agitator contact with guides at the tank bottom due o loss of
balance, inadequate mixing due to holesinmeagitatorbladu.orlossofslnn-ycheuﬁsu-ycontrol
due to wear particles.

While the availabie crodondamarcnotsuﬂicienﬂydmﬂedmmvidewmmwdmams,theydo
show a strong potential for erosion of local regions of agitator blades and the other tank internals,
Continued monitoring of DWPF components which are exposed to frit is recommended o develop
quantitative estimates of erosion rates. Specifically, erosion rates in service should be determined
based on the FA-04 test program.
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MATERIALS DEGRADATION ASSFSS%IEN!' F(%)RDWPF WAS’!‘BTRANSFER PIPE AND

SUTIDALY -

\Themmumﬁhmmdmmmhundne&mmoﬂhe
wasee streams being transferred. This pipe is not particolarty susceptible %0 corosion amack,
with 2 bounding corrosion rase of 0.5 - A similar bounding corrosion rate is applicable
o the Iate wash facility and low pumhhommhumd provides
secondary containment and is j to be shighdy mnwmmmbe
exposedmd:ewm ﬂ:nlmmdhlmhmm
higher carrosion rases, including jocal sttack, may occur
wxdnnth;. mu:::lnl. m:mm&gmnmphum
identify nywm!ubm carbon outer pipe, providing time w take sppropriate
mupmmbd‘map:ﬁamcbmom

Background:

Rad:oacuwm dnmghﬁehlewml?acﬂny WF).minnytoDWP!‘-’ tlnougha
smuofmdupoui‘musfahmudm W‘uinnd(:];LWF nredncememmu
levels of the slurry, & mk(LWPUandaholdmk(L the precipitate slurry
waste for transfer. A mﬁnemdnsmavgwnymbbbwmpump
pn(LPPF).whaeadnd.pnnk(SFnandmmk Another buried

transfer line carries waste from the LPPP 1o the vitrification building. In addition, a recycle waste
 stream is carried back to H area by buried transfer line. The composition of these waste streams is
shown in Table 1. The chemical composition of the waste streams was estimated from a material -

balance for the DWPF startup with Batch 1 sludge [1).
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The inter-area mansfer lines are of double wall construction, with the inner pipe (the primary

containment) made of type 304L stainless steel. The LWF and LPPP tanks are also made of type
304L stainless steel. The outer pipe (secondary continment) is ASTM AS3 Grade B carboa steel.
The first and last 30 feet of the OuteT pipe is 6 inch type 304 sminless steel pipe. The 3inch
diameter Schedule 10§ primary pipes are st within the 10 inch diameter Schedule 20 (or
gozcagbo;es:eelpipe_uregn]ummg:ﬂ‘the 'I'hecuznmelagrp?nphuhnem
oles for the inner pipes to pass through, k opening at the bottom cakage to

through and drain toward the low point in the line. pass

Tabie 1. Composition of Waste Streams for Inter-Area Transfer Pipes and Tanks
Chemical Species |

o _ S (after LWF) T tas Inhibi :
o S o T EEE

NOz2- 13000 400 5200 s
SO4(-2 800 250 + 30
COOH- : 0 . g g

- PO4(-3 3000
F- ) 50 5 L]
Q- ' 50 10 - 5
Cu+2 s0* 0 s
Hg+2 600 * 600 * 5
H 0 0 - 60
OI?I- 1500 250 - 10,000
pH > 11 > 11 13
Max Temp. (C) 60 . 30. 50
* Mostly insoluble. ‘

*# The NO2" concentration is the caiculased inhibitor level to preciude pitting of the carbon steel
waste anks, based oa electrochemical and coupon imersion tests in simmlssed DWPF recycle
streams [2]. MWmmmuMMMmmm

Discussi | _

mmm&sm.m«mmmnm
counduedfcthenwm Of these degradation mechanisms, the following could
potentiaily affect the lines and tanks. This repart does not consider structural failure
modes such as sress overioad, fatigue, or creep. X | .
General Corfosion - pniform sttack that results in gradual thinning of the mazerial.
Sanuudexﬁng(SCQ-awﬁngdmmdugwanwﬁmoﬁ
susceptible material, environment, and stress. Such ing can be imergranular or
ransgranular. Austenitic stainless steels are susceptible to in the presence of chlorides,
:HﬁlﬁlwubmmdsmmSCChmemdNﬂHnﬁghﬁadmulow

Pirting Carrosion - localized astack typically leading 1o relatively small throoghwall holes.

chbecm-lmﬁndimcknmﬁwm&Bmm&mumkcheﬁmy.

Galvanic Corrosion - corrosion of the more active of 2 metals in contact with each other in the
presence of an electrolyte. . - ' :
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Rﬁﬁm&ﬁﬂm-l&dd@ﬁqﬂmﬁmd&mmmmw

In addition, carbon steel is also susceptible w low temperature embrittlement - a loss of ductility
and wughness due © & reduction in temperature below the nil-ductility temperature.
In addition, the following degradation mechanisms have been considered, but are not credible for
the wransfer pipe and tanis: _
Corrosion Fatigue - This accelerated artack by a comrosive enviroament and cyclic loading is not
considuedﬁhlysinﬁethaeisnoidenﬁ&dmafcycﬁgbuﬁn;
Erosion - No wear of the pipe surfaces is expected due 1 the low velocity of the wasze in the

Erosion Corrosion - This mechanism is similarly not expected without high flow rates [21].

Radiation Induced Erosion - Removal of material can be accomplished by sputtering or -
blisterin, byﬁ.ndiaﬁm. Sineenon_eofdnndhnnchduindn?m(&l&.hlu,
Zr-93, Y-91, Nb-95, Ru-106, Rh-106, or Cs-137 (5]) undergo alpbs decay [6], this
mechanism is not possible. (All of these radionuclides lead 1 stable danghter products
except Pr-144. Its decay product, Nd-144, undergoes aipha decay, but has a 1055 year haif-

life.)
Hydrogen Embrittiement - The loss of ductility due to the absorption of was
consudered possible for some of the DWPF process tanks since the of formic acid

would a source of atomic In the transfer lines and tnks, no signi t
> provide %0 andmisw' o et & ) gnifican
End Grain Corrosion - The preferential artack of inclusions, grain boundaries and other defects
Mmmmmmmnmﬂﬁn‘mnmpﬁbhmm
mnsfqpipamdmh.ﬁmmmdmhismedmdnmmmm
components.
Microbiologically Inflnenced Carrosion - Localized artack due o the chemical enviroament
created by microbiological activity, -

The stainiess steel pipe and tanks are primarily exposed to the wase streams. The carbon steel

pipe should be dry both inside and outside, but could posentiaily be exposed to moisture
mmg.mnmmmuhma(mmpdummmmpg)‘m

annular supports) and stainless steel inner pipe creates a ic couple that will preferentially
amkdnmbmﬂdifmehmdym(ﬂdd)km-dﬁs.mﬂhmﬁh@qmofin-
leakage of groundwater or leakage of waste from the inner pipes. The radioactivity of the waste in
the inner pipe produces a possibility of radiaiion embritiement of either the inner or outer pipe.

A previous evaluation of mdiation damage to the waste storage tanks can be used to assess the
likelihood of radiation damage to the transfer piping and tanks. The radiation damage to the high

level waste tank walls due to fresh (high-activity) waste was estimated 0 be less than 4 x 10-7 dpa

over a 100 year life {S]. In contrast, damage on the order of 1 x 10-5 dpa or greater is necessary
for observable loss in ductility in carbon steel at low irridiation temperatures {S]. The threshoid
for observable loss of ductility in austenitic stainless swels is even higher, around 10-2 dpa [3).

;
" Y
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Over a lifetime on the order of 25 years, the exposure of the waste ank walls would be 2 orders of
magnitde less than required formdlmondamgetooccurmmmd.wiﬂ:w::nguu
margin for stainless steei. Using the damage estirnare for fresh waste in the waste is
conservative in the following respects: '
* The waste that will be transferred through the inter-area ransfer lines has been stored for 2
number of years and will have partially decayed. In the bounding case cited above (4 x 107
dpa), 58% of the damage comes from Zr-95 and Nb-95, which have haif-lives of 64 and 35
days, respectively. |
* Some degree of shielding from the stziniess steel inner pipe and the distance between the
inner and outer pipes will boch act o reduce the exposure of the carbon ‘steel pipe o radiation
damage. ' _
* The relatively small diameter of the inner pipe will limit the source strength to which either
pipe is exposed. : _
Reference | was reviewed to determine the concentration of radioactive species in the sludge before

: andaﬁeamdedﬂudppmmdng@&?}mdhmﬁmh&euhphﬁm(w)

before and after in-tank precipitation (ITP) and Late Wash, These concentrations are summarized
in Table 2. The highest concentration ratios are seen in the sait solution, with a factor of 20
increase in the cesium conceatration and a factor of >$0 in the uraniom concentration. The -
uranium concentration increase 10 50 ppm is still weil below the uranium concentration in the—
uwgmmmmmwmmsmsmqmmq
levels. The cesium concentration in the supemate after Late Wash 2 20-fold increase
over the original level, while Cs-137 activity contribumes only 1% of ol radiation damage
calculated in reference 5. Therefore, the transfer piping will not be exposed to sufficient radiation
to produce observable loss of ductility. '

Table 2. Concentrations of radicactive species * [1]

Concentration ) in Slndge Concentration (ppm) in Supernate

Element | from Tank 42 | from Tank S1 | Feed o DWPF | prior o ITP Feed to DWPF P
Ts |3 T T R

Rh 10 5 3 <} <1

Ru 40 20 15 <1 - 12

Pu 25 30 15 <l <}

Tc 5 . 15 5 s : 1

Sr 50 50 25 <1 2

Th 750 100 250 <1 30

u 6000 8000 4000 <i 50

* Short half-life species such as Zr-95 and Nb-95 are not included in this table since they will have
decayed significamly since initial placement in the wasee anks.

ginu-uumsfex-limismgnadepdmfs%:gfeam.Atmcha&pth.n&pi&eeisnot
JeCt 0 temperature extremes, but may experience ' temperatures to

toughness (and ductility) of the carbon steel pipe. Reference (3) summarize:

dara for archival carbon steel piping for various material specifications. The lowest fracture
toughness (Kic) recorded for ASTM AS3 carbon steel was 138 ksivin, at a temperature of 40 °F.
Since the ground typically does not freeze to a depth of more than a few inches in the area, and the -
slurry being transferred will provide some heat to the piping, a minimum temperamre of 40 F for
the transfer line is considered reasonable. . )
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mmm@mmmmwmmmmwm&mnmbﬂmm
camsgophic failure of the carbon steel pipe. For the minimnn measured fracture wughness (138
kerm).mdmmgammmep:peeqwmmemumgm(ssu).mmmw
length (2a) is given by: :

2a=2 (Kic/FR) oy /%
with r-o.)-09+o.25:.
and A =a/vY(Rr)

mmﬂawmmamchmnmwmwmmﬂm
louimgmdap:pemumofozsmch(mmplpeuﬂsowby specified P
code). Sciving the above equations by iteration gives.a ol critical flaw length (22) of 4.8 inch.
Different loading conditions (axial load, bending load) were also considered, but the resuit for

- internal pressure load was the more conservative, Given the very low probability of such a flaw
emgmmmmdpmmﬁmmm&ﬂmtdmmmmmmmmt

is not expected.
.‘I'he : degndamn hammsthn listed above pomnallya&'ecungd:emsf
remzining mec are ) er
piping are discussed in this section. Since both carbon steels and stxinless steels are potentially
degraded by these mechanisms (general, pitting, and crevice corrosion, and stress carrosion -
mamdmmmmm (ar ) conditions
These dam are reviewed herein. discussion specific to the suscepdbility
dmmdmmmgmfdbwsamdmmdmmﬁcnm
identified waste sreams.

Twmmdmmmmmmmm“umm
Engineering Test Ceater (ETC) [9), and the Savannah River Technology Center {10-12}. In many
cases, the test eavironment provides s ressonable maxch to the actual eavironment, since the test
data were developed in support of maserials seiection for DWPF components. However, due to
mmdwgdbmmmmmmummmdbm
process chemisiry over time the test conditions do not provide an exact mach in most cases.
wtumwa)wﬁhhhkmdfcuﬁmlndlwmmm :
Some corrosion data for the carbont steel uaddmsedbym;m:\ﬁ?mbmstul(usedm
the waste tanks), while corrosion data for 1018 carbon steel is available for the precipitate slurry
mmmmammdmmmduusm
hmmm&mduaumwmmmmﬁndhmm

Tables 3 - Smummmmmmmhmmm In
some cases, mare than, one st approximates or bounds the wasse stream , and multiple
results are citedt. Test coupoas are ideatified by ETC by designations such as F ( ).C(crwwe
corrosion), UB (U-bend), and I (interface). Average corrosion rates are identified for test
coupons. In ocher wards, for carrosion attack of the general surface; the attack is assumed o
occur at the same rate over the entire surface, In cases of local attack, the corrosion rate may vary
with time. Therefore, corrosion rates are not cited for local amacie,

Corrosion Data for Precipitate Shirry: .
Test data relevant w the precipitate shary are summarized in Table 3. The two 3B-4 test solutions
ar to give ovesly conservative results for the carbon steels due to the high temperature and high
levels. Test solutions 6C-1 and 6C-3 are not as conservative, and provide more realistic
resulrs. They indicate the possibility of local amtack in a vapor space above the waste solution, if
such a space exists. Notethatmhzbmrooncennnonsungmusﬂychanpmmesufaceand
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within a vapor region. Agmﬂmudmmfammﬁhmmunﬁoud
1 mil/yesr is considered reasonsble. This same conclusion holds for the precipirate slurry prior o
late wash (see further discussion below),

The only significant arack an the stainless steel was seea for ETC solution 3B-4(A). Compering
this solution with ETC solution 3B-4(C), the oaly difference is the chemical form of .
Since the waste solution mercury is identified as mostly insoluble, HgO (insolution 3B-4(C)) is
the more iate form to consider here. (Both of these solutions are presented w illustrate that
the form of mercury has much less effect on the corrosion behavior of the carbon steel)
Therefore, no significant artack of the stainiess steel is expected from the precipiae siurry
solution.

Table 3. Dam Si

itate Shurry

LT

ETC ETC WSRC-TR-91-138
sof'n 3B sol'n & 11] test soi'n 2
12 133 13.1 12
0.1 0.06 0 0.17
0 0.1 0 0.1l
0.08 0.028 0.029 0.017
0 0 0 0
o 0 0 0.001
0.03 0.008 0.005 0.0007
028 0.05 0.08 0.0018 -
0l (s HgQ?) G- 0.0¢ (HgCt2) 0 .
Co(+2} (wv1%) 0 0 . 0
OH- (%) D.025 0.0 0.04 033 088 012
other (wt%) ' 0.003 E 0.0031 0.0021 00021 0.016 Na2CO3
Test Results on no wt. loss, 4.4 mpy, C, 1o suack in cyclic
304L C, weld with crevice: polarization =t
Test Resuits oa 12mpy,C 7.1 mpy,C
1018 carbon swel 16 mpy, F_ 16 mpy, F, with
8$9mpy,UB inergramuler
attpcke
6.9 uB -
Test Results on 0! mpy.C, 02 mpy, C, cevicad
AS37-1 carbom withcavics withcrevics miform corr. in
steek seack(lof2 aoack(l of 2 cyclic polarization
COupons) tests (not
02mpy, . OZwmpy l  qumified
with vipos.  with vapar
space sitackk  space attack
B . (1of2 Qof2
—_couporg)  coupons)
Corrasion Dama for Shudge: : )
Test data relevant to the siudge are summarized in Table 4 For the carbon steel, the two ETC test
solutions listed in Table 4 result in significantly different corrosion behavior. The much higher

corrosion rates in solution 6A-11 are likely the result of the higher test temperature and relatively
high chloride levels. The pitting observed in solution 6A-11 is not indicative of acmal sludge
behavior because of the large difference in the [NO;./{NO3.] ratio (see discussion below). Based
on the more prototypic chemistry of test solution 6C-5, relatively litle general corrosion of carboa.
steel is expected, although some vapor space attack was observed. A general corrosion rate of 1
mil/year is therefore recommended for carbon steel in sludge. Some additionat local attack in any
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 vapor space might occur. Thecydnpdmmmontherdmn usdunonsfmher
conﬁrmsmnhnhmamcklsexpm

IhecychcpolmmmdsommmsgmﬁmmﬁbﬂltyOfMMmdb

corrode in the siudge environment. No quantified corrosion rates were identified, but a rate of less
thanO.Sunllyur:smdgedwbeamblcuppuhound. _
Table 4. Daa § for S :

' ETC test solation ETC test solution WSRC-TR-91-138

. i 6A-11 6C-S {11] test solution &
Temp. () 50 . 90 ) 70 30-60
pH b 11 10.1 133 13.1
NO3- (w1%) D.04 02 . 0.06 1.7
NO2-(wmt%) {13 0.6 02 1.9
SO4-) (W) .08 0.08 02s8 o.m
COOH-(wt%) P o 0 .0
PO4(-3) (vt%H) P33 0 0 0046
F-(wt%) . D.00% - 0.03 0.005 0.029
Cl. (v1%) 0.003 0258 0.08 0058
Hg/Hg(+2) (wt%) 0.06 most insol. 01(aH¢C12) ] 0
Cu(+2){(w%) D.00S most insok. 0. 0 0
OH- (%) 0.15 © 0,017 0as 24
other (wt%) 0003 1 - 00021 . 0.78 N22O0D3
Test Resuits on oo attack ia cyclic
S04L - -_ e
Test Results on 8-12mpy,C,with 01-04mpy.C 0o0attackia cyclic
AS37-1 carbon cev. ot E NUGC® (coovicsanxckat  polarization wet
sieel 4 -10 mpy, P, with .  90C, act & 70C)
pitingmd NUGC 0.1-03mpylL
i 19-41 mpy; I, with  wish vapor spaca
vapor spacosttck stk Q of 4

and NUGC
FNUGC - Noa: Non-Wmu i ion _

Cmbauforhqaku . ist¢ Streq. .
Test data relevant to the recycic wase mmammadin‘rd:las. The resuits for carbon

steel in the recycle stresm enviroament indicate &

to corrosion in & vapor space. The

mmfahdxﬂmmmbe&mxhumudnﬂm?mdskmmm-

the possibility of crevice comrusion and uniform corrosion is indicated. It is significant that when
meNOz‘mmmwh&nlmquNOz.mummcbum

Reference 12 notes that the corrosion rase of up to 15 mil/year exceeds the corrosion rate i
mmmm(snvmmmmmmmmuwmwmm

vapar space were distributed over the entire specimen. The actual penetration rat is
expeceduobeh::h:r as noted in test solution 1. Allowing for the higher temperature of test
solution 1, 2 corrosion rate of 5 mil/yesr is considered reasonable for carbon steel in the recycle
stream. Hmngmdammmqucﬁmﬂynamm

The cyclic test and interface coupon indicated no significant of 304L
stainless steel o corrode in the recycle stream eavironment. The interface tested at 90 °C
showedahghtmsh.bmdmmldbeulmmaﬂyrehndwdnhghawoﬂm
test Noquannﬁedmosmmmmxdennﬁed,bmamof&im]lywu tobea
reasonableuppu‘bound.
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Table S. Data § for e Waste Sgeam : :
— T WSRC-TR-92-375 WSRC-TR-91-138 WSRC-IR-91-138
Environment 12] test solution 1 [11} s i 11] test sointion 7
“Tem (7] - 93 30-60 30-60
ol © 13 mtrepared | 127 129
NO3- (mt%) 0.3 0.06 6.0 4.5
NO2- (wth) 0.62 0.2 0.48 0.67
SO4(-2) (wr%) 0.003 0.025 0.094 0.07
COOB-(m%) (0. 0 0 0
PO4(-3) (»t%) | 0.0005 : 0 0.17 0.23
F- (wt%) "~ 10.0008. 0.005 0 0
Cl- (wt%) 0.0005 0.08 0.0076 Q.0057
Hg/Hg(+2) (wt%) | 0.060 (Hg) 004 (HeNQ3)2) O 0
Cu(+2) (M%) 0.0005 0 0 0
OH- (m%) 1.0 085 0.5 0.52
other (w1%) 1 : 00021 1.0 Na2CO3 1.4 Na2CO3
Test Results on L wrnish om 0o attack om | oo atack in cyclic
304L _ : submerged sxfaces coupons ar cyclic  polarization s
Test Results on s1Smpy, L in vapor severecreviceand 0o attack in cyclic
AS537-1 carbon . Space (~ no corrosion ‘uniform coer. i polarization et
steed , of tiquid or inerface  Cyclic polarization
Pitting in vapor space L isolaed regions
with NO2- reduced 1»  of coxrosion in
0.03 porm VEDOR region

For each of the three wasie stream environments, similsr resuits are obtained. Noue of these

environments is expected to attack the stainless steel pri
The stainless steel pipe is governed by pipe code i
Mechanics shouild verify based on actual load conditions that sufficient

allowance. Stuctural

margin exists to provide an "as-built corrosion allowance”. Such a corrosion allowance, combined

with an bound corrosion rase of 1 mi

, will define 8 loweér bound service life, The

mmltﬁhlymbewmmﬂy!bymd&mmmnyinmy
vapor space above the waste solution. Note, however, that such attack would only occur in the

Ammh&mmnﬁmumm?m-smmw

carrosion proceeding at & greater rase. corTosion
ith the & Penctration of the wall within the vapor space would

mil/yesr is associased with
not cause leskage 1 the environment anless
rose. Using a nominal corrosion rate of 1

the carboa sweed at a rase exceeding |
the level within the carbon sseel pipe subsequentdy

mil/year and a corrosion allowance of 0.05 inch (per

piping code PS1B), mmme_lpipemhbeexpm»hsmmfoﬂwinguhgeof

Pitting of Carbon Steel Pipe: -
G;%aﬁmmdmmw
expected to be insignificant due w high pH.

to precipi siudge, and DWPF waste are
TE is demonstrated in the data cited sbove. Other

corrosion mechanisms (L e. pitting) are maore likely to occur in the carbon steel outer _
mnsfepipeinmeevemoﬁmergﬁe:k%%e. However, some of the chemical species present in
- -

the various waste streams (NO»p-,

work has been performed to determine the

Experimental
carboa steel tanks during the In-Tank Preci)

) act to inhibit Jocalized attack in carbon steel.
required inhibitor levels for wastes in
pitation Process (TTP) (13] and the Extended Sludge

Process (ESP) (14]. Inhibitor levels have a

so been determined for the DWPF recycle waste

sueamforstongejnwbonsweltanhini_!aru[Z].
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The laborasory tests (cyclic polarization and coupon tests) show that hydyoxide concentrations
mmlumnpmvmpmmnm Theyaho:dumfydnmdmreqnnun
prevent pit initiation with lower hydroxide levels present - this amount varies depeading
concentrations of sulfate and chloride ions present. In the cases of the sludge, wmm
o ¥ ma:dmemehnmsdeﬁmn 3m“mlu

in these streams, g the mitrite 0
e s o s o

Table 6 Summ'yofcondmmsmqunedbmpn
ComtnmCmdmmPrmPhnn;[la RaqmndNoz-
Ton Concentration ‘15 ), 16, 171

“Sludge : : .
0.0060 M NOs-  [NOj"] = Most limiting of: 02214 M,
0.3110 M Ng’z‘ l_slt 100.041(T-40) |(X0.0675 + 0.835 log{SO=]), focT=60C
0.0088 M SO 1.5 * 100041(T40) 0225 + L34 bglCAD, or = (equation for
0.0012M O~ 0.038 (NO5*] * 10004 "‘m’ ": most

_ ] based on data for 23 - 60 C and 0.01 - 1.0 M NOy~

Pre(;::plm ﬁhggs q o . . "
0.0097 M NOy 15 mwﬂm m(I 023 + 061 logiS0aD, for T=30C
0.0002 M SO¢~ L5 @ 1000UT40) 10133 + L3 bgfOD, o -~ (equation for
_ (soluble) 0.11 (NOy°]0-72 * 1(X0.02T) . chioride is
0.0003 M 1~ . most limiting)

based oa data for 40 - 80 C and 0.007 - 0.83 M NOy~

“Recycle Wasee . :

0.0494 M NOy>  [NOy] =-0.0192+ 3.17* [NOy] 0.14 M

0.6000 M OH" based om daa for < 90 C, < 0.5M O,
and 0.01 -0.1 M NO»*
'Theaboneqmmmm[x]n

mmmm mc.

mtheslndpandthem:huy one sees that dmesohumhaveaﬁmntmmw

concentrations to mmmmmnmm the recycle
waste stream has identified ®o DWPF, and will be incorporated into ate operas
pm(mmmﬂbﬁdnhmmmmmmm Imm:hots

the waste streams, the estimated concentrations and/or tempersture fall beyond the range
labauxydnlfmwhthdnhﬂewmehmmmmuumm
these deviations are o sufficiendy large as 10 disqualify the conclusion that pitting should oot
OCCUr. megnumdmmdumwdmm&mmm
pipe should leak.

Since the primary purpose of the LWF is w remove the nitrites from the slurry, the
geuﬂaﬂpmgmmmmdem.dnm late wash. .
However, the concentrations of corrosive species also is reduced by LWF. A comperisoa of key
cmmmmmmmnwmﬁwl Significant reductioas in both
the nitrate and nitrite concentrations occur during late wash. According w0 the equations in Table 6,
a minimum nitrite concentration of (.023 M is required w pitting in the pre-LWF solution
(the sulfate-based equation is most limiting in this case). is easily met by the identified. :
composition. Further, mngmemobemmecommsbdaemdaMLWF the Table

3 data shows that ETC test solution 6C-3 provides a reasonable match for the before LWF
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solution. mmmuummbmsteelhadasenaalmmdﬂ.l - 02 mil/yr. (As was
,,mdmlomegmmmmavmwmum-memgm)

Table 7. Concentration of key species in the precipitate slury before and after LWE .

Species Concenmation 5% Bd‘r.n LWF Concentration % After LWF
NQ3-

NO2- ' g .1240 80091
04D 0.0004 0.0003
Miti

Measures:
m&mmmwmmuwwmmemmmm
alsonowdmmefolbwmzmmwmmmpbe:

Theplpembmedeﬂsulanem

-mepxpehuanunrgmacnnccoaung.

« Cathodic protection is provided for the carbon steel pipe, and
.-Ammmumumﬂmuﬁmlahpmumwm

Eachofutﬁemtsmmmfum:é& The Gilsulsse 500 engineered backfill . .
provides the primary protection carbon Properly spplied, it provides an effective
bmmmexdlﬂcm&ommgmem Ind:eabsmeedmchcms:edwﬂl
not corrode.

‘I‘heanccomngma bmm&m lhepn'pe. In 1993,
portions of the inter-ares wransfer wuemvmddniumdiﬂnmn auxiligry pump
pit. Numerous breaches of the coating were seen, with superficial rusting of the carbon sweel pipe

at these locations. Most of these breaches were ou the 10p side if the pipe, probably resulting from
pmndmmngmﬂpmmwmaﬁmdnng:ﬁnsm[ln Since this
mgummmﬁ areas where the coating was
completely removed mwddmmmmmnded[ll.l% Amd:ngly.mofd:e
pxpennfacempmdm;mmg

A third layer of defense against carbon steel corrosion is provided by an impressed current cathodic
pmmwmmammdmmumwztpp&dmmmwm
m&mmm?nmmm&w 'l‘lnsmnptw:de:h?&ydm;g
e periods in which isin cathodic mi o
the system q:::;:tu. protection system

Themaden&uddnarbmmdp:peshmldmﬂybe&y,mmgummauy

added to the annular space of the transfer lines. However, a leak in the innex can create @

carrosive eavironment for the carbon steel inner surface. Such should be detected as the

wppareaity 1 from the crigiaal hydrottst o yearscarier [20) Subanfocat mspecions of e
y two years

line (motivated | amfumobnbmﬂymﬂnmudmdMWW)

showed no si Wmﬂamb&thy&mmmnymm
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MATERIALS DEGRADATION OF DWPF CHEMICAL TANKS AND PIPING (U)

mm

The susceptibility of DWPF chemical tanks and associated piping to in-service degradation has
been reviewed as part of the DWPF Structural Integrity Program. No significant reduction in
mechanical properties is expected from service conditions; however, several components are
predicted to experience a loss of net section due to corrosion. General corrosion rates for all
components evaluated are modest (less than 2 mils/year in every case). Table 1 summarizes the
expected corrosion behavior and estimated service life for each component. The estimated
service life is greater than 25 years for all components.

Also provided in Table 1 are recommended actions that will maintain the conditions on which this
assessment is based. For example, the absence of corrosion on the outer surfaces of carbon steel
components depends on maintaining a protective coating (i.e., paint or galvanized coating).
Accordingly, periodic ¥isual inspections are recommended to verify the continued integrity of
such coatings. In two cases where a nominal corrosion allowance of zero is specified for piping,
it is recommended that Structural Mechanics verify that some corrosion allowance can be justified
based on actual applied loads. The remaining recommendations to continue the existng diesel
fuel oil sampling program and to rack the cumulative amount of time the cathodic protection
system is inactive will provide confidence that the diesel fuel oil tanks and associated

underground pipe are not degrading.
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Table 1. Summary of Degradation Assessment of DWPF Chemical Tanks and Piping
. General Corrosion Service Life Recommen-
Component ' Rate (mil/yr) Estimate (years) dations !
OWST Inner Tank <2 _ >60 .--
OWST Outer Tank variable (see text)  high 2 A
OECT / OWST Transfer Pipe <2 > 2§ .- -
Formic Acid Storage Tanks #1 & #2 <1 > 60 .-
Organic Acid Drain Catch Tank <1 > 60 ---
_Formic Acid Dilution Tank <23 > 60 .-
_Dilute Formic Acid Feed Tank <23 > 60 ---
Formic Acid Feed Tank and piping < 1 > 60 . B (piping)
Organic Acid Neumralizaton Waste < 1 > 60 - -
Tanks #1 and #2
Nitric Acid Feed Tank and piping <2 >25 -
Nitric Acid Waste Hold Tank <2 > 30 - -
Acid Drain Caich Tank <2 > 60 T
Nitric Acid Dilution Tank and piping <2 > 25 B (outlet pipe)
Canned motor pumps - ~0 hjEE 2 .-
Diesel Fuel Oil Storage Tanks #1 & 2 " |high2 C,D
and un und pi - _
Diesel Fuel Oii Day Tanks #1 and #2 | ~ 0, unless high 2 A C
A - Diesel Fuel Oil System piping water high 2 A
_Diesel Generator Lube Oil piping is present high 2 A
. _Diesel Generator Air piping high 2 A
Diesel Generator Water piping ~0 high 2 A
_Purge System piping and jumpers  ~0 high 2 A (piping)
Purge System tanks ~0 high 2 A (outer tank)
Purge System vaporizers ~{) high 2 .-

1 Key to recommended actions:
A - Perform a periodic visual check to verify that the paint and/or galvanized coating on outer
surfaces of carbon steel components is unbroken and intact.
B - Structural Mechanics should identify a corrosion allowance based on actual applied loads.
C - Continue existing fuel oil sampling program to identify water and sediment contamination.
D - Track the cumnlative time that the cathodic protection system is not active. If this time
exceeds several years, need to assess the possibility of corrosion of protected components.
2 Service life should not be limited by any identified materials degradation.
3 These tanks might experience local attack (pitting, crevice corrosion, or end grain attack) in
addition to the identified general corrosion rate.

Background

The DWPF Structural Integrity Team has identified a number of components for evaluation based

on their designation as safety class or safety significant [1]. This report evaluates the possibility of

material degradation of chemical storage tanks and associated piping, and purge system

components. These components are listed in Table 2, along with the materials of construction and
. chemical environment.
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Tzble 2. Components addressed in this report
Material of , Corrosion
Component Construction Chemical Contents Allowance
OWST Inner Tank 304L stainless steel 95 wi% benzene 1/8 inch
OWST Quter Tank A283C Grade CS benzene, water, etc., NA
carbon steel only if leakage occurs

OECT / OWST Transfer Pi 304L stainless steel 95 wt% benzene 0.05 inch
—————._________—,____———L—_\

Formic Acid Storage Tanks #1 and 2 316L stainless steel 90 wt% formic acid 1/8 inch
Organic Acid Drain Catch Tank 316L stainless steel < 90 wt% formic acid * 1/3 inch
Formic Acid Dilution Tank 304L stainless steel 90 wt% formic acid 1/8 inch
_Dilute Formic Acid Feed Tank 304L stainless steel 1.5 wi% formic acid 1/8 inch
Formic Acid Feed Tank 316L stainless steel 90 wt% formic acid 1/16 inch
Formic Acid Feed Tank piping 316L stainiess steel 90 wt% formic acid 0 inch
Organic Acid Neutralization Waste ~ 316L stainless steel < 90 wi% formic acid * 1/16 inch
Tanks #1 and #2
Nitric Acid Feed Tank 304L stainless steel 50 wt% nitric acid 1/16 inch
Nitric Acid Feed Tank piping 304L stainless steel 50 wt% nitric acid 0.05 inch
Nitric Acid Waste Hold Tank 304L stainless steel < 50 wt% nitricacid*  1/16 inch
Acid Drain Catch Tank 304L stainlesssteel < 50 wt% nitticacid*  1/8 inch
Nitric Acid Dilution Tank 304L stainless steel 12 - 50 wi% nitric acid _1/16 inch
Nitric Acid Dilution Tank piping 304L swminjess steel 50 wt% nitric acid (in)  0.03 in. (in)
12 wt% nitric acid (out) 0 inch (out)
Canned motor pumps for various 304L swinless steel  formic or mitric acid as NA *=*
tanks ' listed above
Diesel Fuel Oil Storage Tanks #1 and SA36 carbonsteel  diesel fuel 1/8 inch
#2 and underground pipe
_Diesel Fuel Oil Day Tanks #1 and #2 carbon steel diesel fuel NA
“Diesel ‘Generator System plpmg carbon steel air, lube oil, or water NA

Diesel Fuel Oil System piping ASTM A106B diesel fuel ~ 0.05 inch

Purge System Piping and Jumpers:

LWF Primary (P) & Backup (BU), | 304L stainiess, nitrogen .03 - 0.05
CPC Safety Grade (SG) & BU, | Hastelloy C-276 inch,
LPPP SG &P, OWSTSG & P, | ASTM A53, Al06, C steel
SPC SG or equiv. carbon 0 inch,

PPT/SPT Chem. Feed (LPPP SG) | steel, galvanized, S steel,

SPCP & BU and carbon dioxide C-276

CPCP ASTM B88 copper | air & copper

Purge stwm Tanks and and Vaporizers:

CPC SG, LPPP SG, OWST SG, 9% N steel inner tank nitrogen NA

SPC SG,LWF P & BU, 422-S  carbon steel outer tank .

Supply tanks & vaporizers Al vaporizer

SPC P tank A612 carbon steel carbon dioxide NA

CPCP tank carbon steel air NA

—_— e onstee A  NA
* These tanks can contain both strong acid and acid that has been neutralized to pH 6 - 9 by

NaOH.
** NA - not available.
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Diszussi

This report identifies potential degradation mechanisms and rates for the DWPF chemical storage
tanks, associated piping, and related components. These degradation mechanisms are based
primarily on the available literature and standard industry experience. Additional laboratory data is
cited in some cases. The various degradation mechanisms that could potentially be active have
been summarized in other reports {2, for example]. Many of these mechanisms are not applicable
to the components addressed in this report. For example, there are no significant sources of
radiation or hydrogen to cause embrittlement. Degradation mechanisms that warrant consideration
for the chemical storage tanks and piping include the following. Note that most components will
be susceptible to only a few of these mechanisms.

General Corrosion - uniform attack that results in gradual thinning of the material.

Stress Corrosion Cracking (SCC) - cracking that occurs due to the combined action of stress, a
susceptible material, and environment. Such cracking can be intergranular or transgranular.
Austenitic stainless steels are susceptible to SCC in the presence of chlorides, while carbon
steels can undergo SCC in the presence of NaOH at high pH, or nitrates at low pH [3].

Pitting Corrosion - localized attack typically leading to relatively small throughwall holes.
Crevice Corrosion - localized attack at crevice locations due to isolation from the bulk chemistry.

Galvanic Corrosion - corrosion of the more active of 2 metals in contact with each other in the
presence of an electrolyte.

End Grain Corrosion - preferential attack of inclusions, grain boundaries and other defects which
are more numerous on surfaces transverse to the rolling direction.

Low Temperann-e Embrittiement - a loss of ductility and toughness of carbon steels due to a
reduction in temperature below the nil-ductility temperature.

Liquid Metal Embrittlement - a loss of ductility and strength due to the presence of certain liquid
metals which preferentially attack the grain boundaries.

‘Microbiologically Influenced Corrosion - localized attack due to the chemical environment created
by microbiological activity.

The Table 2 componcnis fall into 4 major groupings, based on the chemical environment. These
include components for handling benzene, formic and nitric acid, diesel generator support, and
purge gases. Each of these groups is discussed separately below.

In some cases, especially with relatively low carrosion rates, the literature identifies bounding
corrosion rates. In these cases, the actual corrosion rate may be much less than that reported, but
the actual rate has not been quantified.

Corrosion of components in contact with benzene:

The OWST inner tank and OECT / OWST transfer line are continuously exposed to benzene (liquid
and/or vapors). In addition, the OWST outer tank could be exposed to benzene in the event the
inner tank leaks. Table 3 summarizes the compatbility data between benzene and the materials of
these components. Essentially no corrosion of the stainless steel is expected (since the actual
temperature will be much less than 200 °F, the corrosion rate will also be reduced from the 2 mil/yr
bounding corrosion rate cited). With a corrosion allowance of 1/8 inch for the OWST inner tank, a
service life in excess of 60 years is expected. The use of the low carbon grade of 304 stainless
steel (i. e. 304L) should avoid the levels of sensitization associated with IGSCC. Similarly, the
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OECT / OWST transfer linc should experience low corrosion rates. Since transfers are performed
as batch transfers and the transfer line is sloped to drain into the OWST, essentially no corrosion
attack is expected during the intervals between transfers (vapors might be present continuously, but
liquid benzene is present only intermittently). With a corrosion allowance of 0.05 inch, and the
use of corrosion evaluated, low carbon 304L stainless steel, the transfer line service life is
estimated to be in excess of 25 years. Itis also noted that the P code governing the transfer line
(P266) invokes Specification 5992 (superseded by site Standard 05950-03-R) which limits the
chloride content of materials contacting stainless steels to 250 ppm.

The carbon steel OWST outer tank might be subject to measurable corrosion rates. Note,
however, that the carbon steel OWST outer tank should be exposed to benzene only in the unlikely
event that the inner wank should leak. A level detection system is in place to identify leakage into
the outer ank. Given the low likelihood of the outer tank being exposed to benzene for long
periods of time, and the reasonably low corrosion rates suggested by the lLiterature cited in Table 3,
degradation from benzene is not expected to limit the life of the OWST outer tank,

Also of concern to the OWST outer tank is the possibility of atmospheric corrosion of the outside
surfaces. The tank is nominally protected from the weather by a protective coating (paint), but this
coating is subject to scratching, peeling, or other damage. The inside surface of the outer tank is
also painted. No corrosion due to atmospheric exposure is expected as long as the paint is intact.
If the paint is damaged, corrosion may occur. Carbon steel exposed to the atmosphere can corrode
at a rate of about 1 - 2 mil/yr (see discussion of purge gas components

below), although higher rates can occur in regions where water (rain, condensation, etc.) can
collect. Periodic visual inspection of the outer tank surfaces to verify the integrity of the paint will
provide confidence that the outer tank is not corroding.

Table 3. Material corrosion data for benzene

Chemical / Material Chemical Conc. Temperanre Corrosion Rate Reference
Benzene in contact with ...

304 stainless steel all conc. < 200 °F < 2 miliyr 3

carbon steel 100 wt% < 200 °F < 20 mil/yr 3

carbon steel (Cu free) 100 wt% < 840 °F "satisfactory use" 4

Another potential form of degradation for the carbon steel outer tank is low temperature
embritlement. The tank is exposed to outside ambient temperatures, which can drop to 20 °F or
lower in the winter. The possibility of sudden rupture is defined by the fracture toughness of the
carbon steel. Very conservative values for Kic (fracture toughness) are given in reference 5 for
several pressure vessel steels. This identifies a fracture toughness of 54 ksiVin at the NDTT (nil
ductility transition temperature), and 42 ksivin at (NDTT - 40 °F). While the NDTT of the OWST
outer tank is not known, it is unlikely that the tank will be exposed to a temperature more than 40
°F below the NDTT. (Reference 6 documents the fracture toughness of several carbon steel pipe
materials at 40 °F with values ranging from 138 to 205 ksiVin, suggesting a NDTT below 40 °F.
The outer tank composition is a closer match to these piping matenials than to the steels cited in
reference 5. Therefore, (NDTT - 40 °F) for the outer tank is estimated to be below 0 °F.)

The fracture toughness can be used to estimate the flaw size required for sudden, catastrophic
fracture of the tank. For the lower bound fracture toughness (42 ksivVin), and assuming a stress in
the tank equal to the yield strength (30 ksi), the critical crack length (2a) for a throughwall flaw is
given by:

2a=2 (Kc/06y)2 /1 = 1.25 inch
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Given the very low probabilty of a crack of this size existing in the outer tank, brittle fracture of
the outer tank is not expected. Note that the use of a more realistic fracture toughness value such
as 100 ksiVin increases the critical crack length to 7 inches.

Corrosion of components in contact with formic or nitric acid:

Both 304 and 316 stainless steels exhibit excellent corrosion resistance to formic acid at all
concentrations at ambient temperature [7]. These materials tend to passivate (form a thin protective
oxide layer) in formic acid [8, 9]. Accordingly, the results cited in Table 4, which generally reflect
short term corrosion testing, would tend to overestimate the long term corrosion rates.

The corrosion rates in formic acid are strongly dependent on temperature. These chemicals are
stored at ambient temperature, but increases in temperature can result during neutralization and
dilution. The temperature of the organic waste neutralization tanks is limited by procedure 1o 40 °C
(104 °F) - the neutralization rate is controlled so as to not exceed this temperature. Neutralization
of formic acid waste is typically performed about once every 2-3 weeks {10]. Therefore, the time
spent at ¢elevated temperatures (40 °C max.) is minimal, and an average corrosion rate based on
ambient (room temperature) data is appropriate. No temperature limit is specified far the formic
acid dilution tank during dilution, and the degree of any temperature rise was not identified.
However, this operation should not produce temperature increases as severe as those during
neutralization. Dilution is typically performed about once per week [11), and a net corrosion rate
based on ambient temperature is considered reasonable.

The identified corrosion allowance for 316 stainless steel tanks in formic acid service is 1/16 inch
or greater. With a bounding corrosion rate of 1 mil/yr, a service life in excess of 60 years is
expected. The formic acid feed tank piping has a corrosion allowance of zero, per piping code
P212. While no guarantee can be made that the formic acid piping will not experience any
corrosion, it is considered likely that it will not experience sufficient corrosion to impact its
structural integrity. Structural Mechanics personnel should confirm that this pipe has a wall
thickness in excess of that required to sustain applied loads (in effect, that it has a built-in corrosion
allowance).

One precaution that is noted for formic acid service is the detrimental effect of impurities. For
example, small amounts of chloride and sulfate produce local attack and increased general
corrosion rates in 304L stainless steel {13), and formaldehyde can cause pitting in stainless steels
[12). Specification impurity limits for formic acid are listed in Table 5. The chloride and sulfate
limits of 100 ppm fall within the range of impurities in the reference 13 test solutions. The closest
match to these impurity levels is for test solutions 4A-10 and 4B-1, with 45 - 50 ppm chloride and
600 ppm sulfate. 304L. stainless steel coupons in both of these test solutions experienced general
corrosion rates of 1 - 3 mil/yr and localized attack (crevice corrosion and pitting). 316L stainless
steel did not experience any local corrosion in solution 4B-1 (and was not tested in the other
solution). Therefore, the possibility of accelerated corrosion due to impurities applies only to the
304L stainless steel tanks (formic acid dilution tank and dilute formic acid feed tank).

It is noted that the formi¢ acid dilution tank will contain diluted acid part of the time, and that the
impurities in the 90% formic acid will likely be less than the limits identified in Table 5. After
dilution to 1.5 wt%, considering the typical impurity levels identified in Table 5 for process water,
the chloride and sulfate levels should be reduced to less than 5 ppm. This low level should not
produce any local attack of the 304L stainless steel. Similarly, the dilute formic acid feed tank
should not experience any local attack from the impurities in 1.5 wt% formic acid. The 3041
stainless steel tanks in formic acid service have a corrosion allowance of 1/8 inch. Assuming a
bounding corrosion rate of 2 mil/yr gives a service life in excess of 60 years,

The 304L stainless steel nitric acid tanks can be assigned a bounding corrosion rate of 2 mil/yr.
Since the nitric acid is stored at ambient temperature, and this bounding rate applies to temperatures _
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up 1o 150 °F, the actual corrosion rate should be much lower than this bounding rate. The
corrosion allowance for the nitric acid tanks is 1/16 inch or greater, giving a minimum service life
. of greater than 30 years. The nitric acid feed tank piping has a corrosion allowance of 0.05 inch
(per code P61), giving an estimated service life in excess of 25 years.

The nitric acid dilution tank (located outside the mercury cell in Building 221-S) is used to dilute
nitric acid from 50 wt% to 12 wt%. The tank and the nitric acid inlet piping have a corrosion
allowance of 0.062 and 0.05 inch, respectively. With the bounding corrosion rate of 2 mil/yr, a
service life in excess of 25 years is expected. The outlet piping, which handles only 12 wt% nitric
acid, is schedule 108 pipe and has a corrosion allowance of 0 inch, per code P145. While this
corrosion allowance does not allow for any wall loss (beyond the minimum fabricated thickness),
the actual corrosion rate is expected to be much less than the bounding value of 2 mil/yr. No
guarantee can be made that the nitric acid dilution tank outlet piping will not experience any
corrosion. However, it is considered likely that it will not experience sufficient corrosion to impact
its structural integrity. Structural Mechanics personnel should confirm that this outlet pipe has a
wall thickness in excess of that required 1o sustain applied loads (in effect, that it has a built-in
corrosion allowance).

Table 4. Material corrosion data for formic and nitric acid

Chemical / Material Chemical Conc. Temperamre Corrosion Rate Reference
Formic acid in contact with ...
316 stainless steel 90 wi% RT 0.002 mil/yr 8
_ boiling 13& 16.5mil/yr 7,8
50 w1% RT 0.006 mil/yr 8
boiling 20 & 24 miliyr 7, 8
' S wit% RT ~ 0.004 mil/yr 8
. boiling 1.5 & 6 mil/yr 7, 8
ali cone. RT < 2 milfyr 3
200 °F 20 - 50 mil/yr 3
7.5 wi% 194 °F 0.1-0.3 milfyr** 13
304 stainless steel S0 wt%_ boiling 168 mil/yr 7
20 wt% _boiling 43 & 76 milfyr 7,9
all conc. RT <2 milfyr 3
200 °F ~ > 50 mil/yr 3
304L stainless steel 10 wt% 140 °F 0.1 -~100millyr* 13
7.5 wit% 194 °F 0.1 -2.7 mil/yr** 13
Nitric acid in contact with ...
304 stainless steel up to 50 wt% < 150 °F < 2 mil/yr 3
250 °F <20 miliyr 3
304L stainless steel . up to 40 wt% boiling < § milfyr 12
) 40-70wt%  upto 175°F <5 miliyr 12

* The reported corrosion rates vary with impurities present. The lowest corrosion rates (< 1
mil/yr) are in solutions with 0.0045 wt% Cl- or less (solutions 4A-11 and 4A-9). Increasing
amounts of Cl- and SO4- (solutions 4A-10, 4A-12, and 4A-1) lead to higher corrosion rates,
crevice corrosion, pitting and end grain attack.

** This data is based on test solution 4B-1, which contains 0.005 wt% Cl- and 0.06 wt% SO4-.
Corrosion rates for 304L above 0.3 mil/yr also experienced crevice corrosion.

It is noted that the P codes governing the formic acid and nitric acid piping (P61, P145, P212)
invoke Specification 5992 (superseded by site Standard 05950-03-R) which limits the chloride
. content of materials contacting stainless steels to 250 ppm. This reduces the likelihood of IGSCC
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resulting from contact with foreign materials. In addition, the use of the low carbon grades of
stainless steel (304L and 316L) should avoid the levels of sensitization associated with IGSCC.

The 304L stainless steel casing on the canned motor pumps is exposed to the ammosphere. A black
coating is applied to the casing, but it is not continuous over the entire surface. Reference 12
identifies that 304 stainless steel should not experience any corrosive attack in rural atmospheres,
but can rust in an industrial atmosphere containing chloride pollutants. While rust was observed
on specimens within 1800 feet of several industrial plants that use or produce chlorine compounds,
no artack was observed at another location 2 miles away. Surfaces that are partially shielded from
rainwater were more susceptible to corrosion. With no strong source of chioride pollutants in the
immediate vicinity of DWPF, carrosion of the canned motor pump casings is not expected. The
bounding corrosion rates of 1 and 2 mil/yr discussed above would be applicable to the pump
casing inner surfaces. Pump casings are typically much thicker than required for structural
purposes, in order to provide the high rigidity required for proper operation. Accordingly, even
with the bounding corrosion rates, a significant service life can be expected for the canned pump
casings.

Table 5. Impurity levels for formic and nitric acid.

Impurity Limits (ppm) for . Typical Impurities (ppm)

Impurity Formic Acid [11])  Nitric Acid{11]  for Process Water * [14]
“Chloride 100 100 0.3
Sulfate 100 . 100 <15
Phosphate 10 --- <01
Iron 100 100 <0.1
Aluminum 10 --- ---
Chromium 10 e ---
Nitrogen oxide --- 500 ---
Residue on evaporation - - - ' 200 ---
Residue on ignition --- 100 .--

* Process Water is used to dilute formic and nitric acid.
Corrosion of diesel generator support components:

An upper bound corrosion rate for carbon steel in contact with diesel fuel is provided in Table 6.
Reference 15 states that fuels (including diesel fuel) are generally not corrosive to steel storage
tanks. Rather, water or other impurities that might be introduced during transport and handling are
the typical source of corrosion.

Several measures are employed to ensurﬁ the bm'ity of diesel fuel on site and to protect diesel fuel
tanks from corrosion [16]:

+ Diesel fuel received“on site is tested for sediment and water per ASTM D1796. A maximum of
0.05 vol. %_ sediment and water is allowexd, .

» Diesel fuel received on site receives a copper corrosion test per ASTM D130. A maximum
rating of 3 (indicating the relative corrosivity of the fuel) is allowed.

 DWPF diesel fuel tanks are checked monthly - the bottom of the tank is checked for standing
water, and the fuel is sampled for water and sediment content. Even if water is not detected,
any corrosion of the tank would be indicated by an increase in sediment levels.

» In the event that the DWPF did not perform periodic sampling of the diesel fuel tanks, a CSWE
program would sample them every 6 months.
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* The possibility of microbiological influenced corrosion from microorganisms in the fuel is
eliminated by keeping water out of the fuel.

+ The underground storage tanks are cathodically protected to pnecludé corrosion by
groundwater.

In one example of corrosion of a diesel fuel tank at SRS, up to 6 mils wall loss was recorded in a
carbon steel diesel fuel tank that was in service for about 20 years [17]. The wall thickness was
checked following detection of a high level of sediment in the fuel. Also found in the fuel was
0.02 % water. This tank supports a diesel generator that is used infrequently, and had not seen
many fuei changes. The length of time the water was in the tank is unknown, but the corrosion
likely resuited from water in the bottom of the tank, which was the area of measured wall thickness
loss. The sides of the tank showed no measurable loss from the nominal wall thickness. This ank
was singled out for inspection following the detection of a high level of sediment.

In addition to_corrosion of the diesel tank inner surfaces from the fuel, the possibility exists for
corrosion of the outside surfaces. The diesel fuel storage tanks, and the transfer pipe from the
tanks to Building 292-§, are underground and subject to groundwater corrosion. As noted above,
these tanks are protected under the area's impressed current cathodic protection system, and should
therefore not experience any corrosion attack. This cathodic protection system is described in
reference 18. In the event that the cathodic protection were lost (turned off), the storage tanks
would be susceptible to corrosion, but only during the periods that the cathodic protection is not
active. Inspections of the cathodic protection to verify proper operation are performed monthly,
semi-annually, and annuaily [19]. It is recommended that the cumulative period of time for which
the cathodic protection system is not active be tracked. If this becomes large (i. e. several years),
then the tank wall thickness might need to be checked.

The diesel fuel oil day tanks are not buried, and are subject to atmospheric corrosion. Both the day
tanks and the associated piping are painted to protect the metal from atmospheric corrosion.
Periodic visual inspection of the day tank and piping to verify the integrity of the paint will provide
confidence that they are not corroding. ' :

The diesel generator system piping does not contain fuel oil, but is included in this section for
convenience. This piping is carbon steel and is associated with the cooling water, lube oil, and air
for the diesel generators. Limited data was located for the diesel generator system piping.
However, considerable industry experience exists in such applications, and minimal degradation
should be expected over a reasonabie lifetime of 20 years or more. The cooling water circulates
within a closed loop and should contain inhibitars to avoid corrosion. The lube oil will act much
like the diesel fuel and protect the steel from corrosion unless water contamination is present. The
air lines should experience minimal corrosion as discussed below for the purge gas piping.
Periodic visual checks should be made to ensure that the paint on the diesel generator piping
remains intact to preclude corrosion of the outside surfaces.

Table 6. Material corrosion data for diesel fuel

Chemical / Material Chemical Conc. Temperature  Corrosion Rate  Reference
Diesel fuel oil in contact with ..
carbon steel 100 wt% < 220 °F < 20 mil/yr 20

Corrosion of components in contact with purge gases:

Purge gases include nitrogen, carbon dioxide and air. Piping for the various purge gas systerns is
specified to be in accordance with several P Codes, which leads to the use of several different
piping materials: carbon steel, copper, and 304L stainless steel. A detailed review of the purge gas
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piping layout was not made - rather it was conservatively assumed that each of these materials is
used in each of the purge systems. The purge system jumpers are constructed of either 304L
stainless steel or Hastelloy C-276. The purge system tanks are constructed of 9% nickel steel
(nitrogen inner tanks) and carbon steel (nitrogen outer tanks and air tank), while the vaporizers are
aluminum.

The purge system jumpers are exposed to purge gas on the inside, and are potentially exposed to
vapors from process spills on the outside. Due to the noncorrosive nature of the purge gases (as
discussed below), the primary concern for the jumpers is corrosion from the outside. Since the
material of construction for the jumpers is the same as that for the process tanks in their respective
cells, and other evaluations {2, 21] have shown general corrosion rates for the process tanks of 1
mil/yr or less, no significant corrosion of the jumpers is expected. It is also noted that any vapors
that might be present in the process cells will be more dilute than those in the process tanks.

No data directly related to corrosion in a nitrogen atmosphere was found, nor is any expected since
nitrogen is relatvely inert with respect to corrosion. Corrosion rates for the nitrogen purge
systemns are bounded with data for atmospheric corrosion, since the atmosphere consists of
approximately 78% nitrogen. In this case, moisture (humidity) and various pollutants are the
primary source of corrosion, and the most representative data will be that with the least pollutants
and low humidity. Nominally, no corrosion is expected for.any of the purge system components
in contact with nitrogen. However, should moisture or other impurities be preseat, corrosion rates
should be less than 1 mil/yr for both carbon steel, and less than 0.1 mil/yr for copper and
aluminum, based on the Table 7 data. Stainiess steel should not experience any corrosion in the
nitrogen purge system, even with moismre or other impurities likely to be present, based on the
above discussion of the canned motor pumps.

. The purity of the nitrogen gas was identified as 99.5 wt% [22]. If the remaining 0.5 wt% were all
water, the purge gas would have a dew point of about 39 °F (assuming the nitrogen to have the
same saturation properties as air) [23]. Alternatively, the relative humidity wouid be about 33% at
70 °F. In practice, the actual moisture content is expected to be much less than the bounding value
of 0.5 wt%. Accordingly, no condensation should form within the nitrogen purge system piping,
and no corrosion is expected.

The SPC primary and backup purge systems use carbon dioxide. Carbon dioxide can become
mildly corrosive when dissolved in water (producing carbonic acid). Therefore, if any moisture
were to enter the SPC purge systems and condense inside the piping, corrosion of copper or
carbon steel piping can be expected. The purity of carbon dioxide gas used was identified as at
least 99.5 wt%, indicating that an upper bound on moisture content is 0.5 wt%. (The same
discussion of dew point (or relative humidity) used for the nitrogen purge systems applies in
principle to the carbon dioxide systems. However, the dew point and relative humidity values
would be different, since carbon dioxide has different saturation properties.) In practice, the
moisture content should-be much less than 0.5 wt% and no condensation within the piping is
antcipated.

Bounding corrosion rate data for the purge system materials are provided in Table 7. With a
bounding rate of 2 mils/yr, and for purge system temperatures that will be significantly less than
the cited temperature of 400 °F, essentially no corrosion of the SPC purge systems from carbon
dioxide is expected. Reference 3 shows a significant increase in the corrosion rate for copper and
carbon steel in a 10% aqueous solution. However, any moisture that condenses from a near-pure
carbon dioxide atmosphere will likely be saturated in carbon dioxide (ie. a high concentration of
carbonic acid). Therefore, no significant corrosion from carbon dioxide is expected.

With the different materials being used in the purge system piping, the possibility pf galvanic
corrosion exists. However, for the purge gas piping and components, all connections between
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dissimilar metals arc made using flanged joints, with nonmetallic gaskets [22]). Therefore, no
direct metal-to-metal contact exists and galvanic corrosion will not occur.,

Carbon steel piping is used downstream of the vaporizers. Since the teperature of the vaporizers
can be very low due to expansion of the liquid nitrogen, the attached piping can also be exposed to
low temperatures. The vendor identified that the minimum temperature of the attached pipe should
not be less than -30 °F. Similar to the discussion above for the OWST outer tank, this minimum
temperature should be no more than 70 degrees below NDTT. For such a temperature, reference 5
identifies a minimum fracture toughness of about 39 ksiVin. The corresponding critical crack
length for a throughwall flaw (conservatively ignoring the curvature of the piping) is a minimum of
1 inch. Since a flaw of this size should not be present, brittle fracture is not expected.

The P codes for the purge gas piping specify no corrosion allowance for the stainless steel and
copper piping. In general, none should be needed. Neither of these materials should experience
any significant corrosion on the outside (atmospheric corrosion), and the copper will corrode on
the inside only if moisture condenses from the carbon dioxide gas and collects in a low spot (SPC
purge piping only). The low moisture level dictated by the specified purity should preclude
internal condensation. The corrosion allowance for the carbon steel piping ranges from 0.03 inch
to 0.05 inch, depending on the P code. The inside surfaces should not experience any corrosion
unless moisture condenses and collects at a low point. The outside surfaces would be subject to a
corrosion rate of about 1 - 2 mil/yr; however, the pipe is galvanized and weld joints are painted
with a zinc-based paint. Therefore, no significant corrosion of the carbon steel piping is expected.
Similarly, other purge system components made of these materials should not experience
significant corrosion either. Periodic visual inspection of carbon steel purge system components to
Eerify the integrity of the zinc/paint coating will provide confidence that they are not corroding

om the outside. .

Table 7. Material corrosion data for purge gases

Chemical / Material Chemical Conc. Temperanme Corrosion Rate Reference
Air in contact with ...
carbon steel low pollution ambient 0.06-0.5 24
: mil/yr *
carbon steel varying ambient 0.8-28 25
pollution levels Inilfyr ** -
copper varying ambient 0.03 - 0.08 25
' ' pollution levels mil/yr **
aluminum varying ambient £0.03 mil/yr ** 25
pollution levels
CO2 in contact with ...
carbon steel, copper,and 100 mi% :
304 stainless steel (aqueous sol'n) < 400 °F < 2 milfyr 3
carbon steel 10 wt% RT > 50 mil/yr 3
copper 10 wt% RT < 20 mil/yr 3

* The lower corrosion rate was measured in Cuzco, Peru, while the higher rate is from South
Bend, Pa. Both areas have very low pollutant levels. In addition, Cuzco has considerable
rainfall and humidity levels. In comparison, a corrosion rate of 0.2 mil/yr was measured in
Phoenix, Az, which has a very low average moisture level.

** These corrosion rates were measured in various locations throughout Great Britain. Pollution
and moisture levels varied considerably.
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DEGRADATION OF DWPF CONCRETE AND STEEL STRUCTURES (U)

Summary

The potential for degradation of safety class and safety significant concrete and steel structures

has been evaluated. IngmaaLﬁnleormdegradaﬁm‘isexpecwd&ommojecwdwviee

conditions. Table 1 summarizes recommended inspections and other actions to ensure the

continued integrity of these structures.

Pl
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Table 1. Summary of recommended inspections and other actions
Structure Recommendation
Concrete structures (general) Survey and document any shrinkage cracks or other cracks in the
manner done for the sand filter
Concrete structures (general) Enjllgre procedures are in place for the prompt cleanup of chemical
' Sp
"FESV Evaluate whether any degradation has occurred after the source of
_ water intrusion is identified
Viuification Building Reevaluate likelihood of groundwater damage if the water table is

. found to have risen above the elevation of the building base

LWEF celis, LPPP cells & cell Confirm that the lifetime radiation exposures for these concrete

covers, GWSB vauit structures is less than 1010 rads

supports, sand filter, FESV '

Coated concrete structures Periodic visual inspection to verify protective coatings are intact
Damage from radiation or chemical exposure, and mechanical
damage is possible.

GWSB Vault Supports Reevaluate potential for high temperature degradation after GWSB
thermal analysis is complete

Steel Structures (generai) Periodic inspection to verify protective coatings are intact

Steel Structures (general) Confirm that steel structures are not in contact with dissimmlar
metals likely to lead to'galvanic corrosion

GWSB Canister Supports Confirm that lifetime radiation exposure is less than 4x1010 rads

- Background

The DWPF Structural Integrity Team has identified a number of components for evaluation based
on their designation as safety class or safety significant [1]. This report evaluates the possibility of
material degradation of concrete and steei structures that have been identified as such. These
structures are listed in Table 2.

Table 2. Structures evaluated in this report

Location Concrete Structures Steel Structures

Vitrification Building Structure Building Structure

Building Remote Process Cell Walls SPC/CPC Removable Wall
Canyon Walls Remote Process Cell Covers

Crane Maint. Shield Door Structural Support  Melt Cell Crane Rails and
Main Process Cell Crane Structural Support Superstructure

Nitric Acid Dilution Tank Dikes

Formic Acid Feed Tank Dikes

Organic Acid Floor Drain Catch Tank Dikes

_ Nitric Acid Feed Tank Dikes

GWSB Vault Supports ' Canister Supports .
LWEF Cells, Cell Covers , . Crane Rails and Superstructure
LPPP Cells, Cell Covers Process Cell Crane Rails and

Crane Operator Station Superstructure _

_Zone 1 Vent. Sys Sand Filter, Zone 1 Exhaust Tunnel Zone 1 Exhaust Tunnel

Fan House Building Structure Crane Rails and Superstructure
FESV Vaults _ '
422-S Acid Tank Dikes . Superstructures

980-S Organic and Nitric Dikes
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Discussi

. The various structures are categorized into several groups for purposes of evaluation, based on the
environment they are exposed to. Concrete structures can be categorized as one or more of the
following:

* Underground structures - exposed to soil and groundwater at ambient temperature,

» General service structures - exposed to normal atmosphere at ambiect teraperature,

» Chemical service structures - exposed to process chemicals or waste streams at ambient
temperature in the event of a spill

* Radiation service structures - exposed to high levels of ionizing radiation.

* Heated structures - exposed to normal atmosphere at temperatures above ambient.

The steel structures are similarly grouped identified as either general service or chemical / radiation
service structures. Each group of structures is potentially subject to different forms of degradation,
and may require protective measures. Each group of structures is discussed separately.

Degradation of Concrete Structures:

Many of the structures fall under more than one category. The structures listed specifically as
general service are those structures that do not fall into any of the other categories. All structures
are potentially susceptible to the degradation mechanisms identified for general service structures.

Reference 2 evaluates the susceptibility of the SRS waste tanks to aging degradation, and identifies
a number of degradation mechanisms applicable to concrete structures. These degradation
mechanisms are summarized below. Applicable degradation mechanisms are grouped according to
the sexvice conditions in which they might be active. Two concrete degradation mechanisms
.described in reference 2 will not be discussed further since they are not considered applicable o the
: - DWPF sauctures. These are chemical reactions betweea certain reactive aggregate types, and
¢ abrasion / cavitation due to fast-flowing water.

Degradation of General Service Concrete
The following degradation mechanisms are applicable to general service concrete structures.

* Freeze / Thaw Cycling - Water freezing within the pores of concrete creates hydraulic
pressure which can lead w cracking, scaling, or spalling, after a number of freeze / thaw
cycles. This mechanism is applicable to concrete exposed to the weather (rain water) or to

concrete that is located above the frost line (exposed to groundwater). Freeze /
thaw cycling is applicable to concrete sections exposed to the weather,

* Leaching - Water flowing through concrete (through cracks or inadequately prepared joints)
can dissolve calcium compounds in the concrete. Calcium hydroxide is the most readily
soluble compound. Following this leaching, the remaining constituents of the cement paste
break down, resulting in little or no remaining strength. Leaching increases the porosity and
permeability of cencrete, increasing the susceptibility to other forms of attack, Groundwater
or rainwater, if flowing through the concrete (not just filling cracks), can cause leaching.

.+ Shrinkage - Shrinkage results from the loss of water from concrete. The resulting tensile
stresses can lead to cracking, which in tum can expose the interior (including embedded
steel) to corrosion. Most shrinkage (98%) occurs in the first S years of service.

This section applies generically to all concrete structures. It specifically applies to those strucnires
that are not intended far exposure to harmful chernicals, radiation, high temperature, or
groundwater. These are:
. MPC Crane Stuctural Support Crane Maintenance Shield Door Structural Support
LWF Crane Structural Support Low Point Pump Pit Crane Structural Support
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General service applications include external structures exposed to the weather, or internal
structures exposed only to ambient air. Building external surfaces are generally bare concrete, with
no special protective measures in place. Experience with other bare concrete structures on site
shows that long service lives can be expected. For example, the sides of the reactor buildings are
gencrally in very good condition, with little or no degradation of the concrete evident after 40 years
of service. The outer walls of cooling water basins still appear sound, despite heavy weathering in
places (they have a constant supply of water on hand to promote leaching or freeze/thaw cycles).
Accordingly, no significant degradation of outside concrete surfaces is expected. Interior surfaces
exposed to ambient atmosphere will experience even less severe ranges of temperature and
moisture, and should likewise not experience any significant degradation.

‘While the sand filter is discussed further in the other sections below, it contains cracking and other
degradation not associated with radiation levels or its underground location. A number of cracks
have led to leaking through the roof and to dampness within the roof siab {3]. The primary cause
of these cracks is attributed to shrinkage (cracks at corners), consolidation, finishing and curing
techniques (cracks over columns due to premature drying & shrinkage), and peeling of concrete
when forms were removed (spalling at roof joints). Further cracking was not expected since most
shrinkage occurs in the first year after placement [3]. The other concrete structures should be
surveyed to identify the presence of any cracks from shrinkage (or other sources). Since the
DWPF concrete structures have all been in place for a few years, no further shrinkage cracks are

expected.

Degradation of Underground Concrete:
The following degradation mechanisms are specific to underground concrete structures:

* Chemical Attack - Strong acids will degrade concrete, which is highly alkaline (pH > 12.5).
Groundwater with a pH of less than 5.5 can attack concrete, as can acidic chemicals.
Chemical attack increases the porosity and permeability of concrete, increasing its
susceptibility to further attack. In the soil or groundwater, sulfates can artack the aluminate
phase in the cement. Chlorides can attack both the concrete and reinforcing steel. Steel
embeddedmtheconcrete(orhnmgmeconmte)canbethesourceofaggrmvcchmcal
condensates if the surface temperature is below the dew point.

* Corrosion of Embedded Steel - While the high alkalinity of concrete generally protects the
embedded steel from corrosion, the steel is susceptible to attack if the concrete pH is reduced
below 11.5 or by the presence of aggressive ions such as chlorides in the presence of
oxygen. Aggressive ions could be carried by groundwater or spilled onto the concrete. With
a reduced pH of the concrete (due to leaching or exposure to acidic chemicals), caustic or
nitrate stress comosion cracking could occur. Corrosion of embedded steei leads to cracking
and spalling of the concrete. Excessive corrosion will also weaken the steel (and therefore,

also weaken the concrete structure).
The underground concrete structures addressed in this section are:
Viification Building Fan House Structure
422-S Dikes (Formic & Nitric) Low Point Pump Pit Cells
980-S Organic and Nitric Dikes LWF Cells
Sand Filter Failed Equipment Storage Vauits

Zone 1 Exhaust Tunnel

The portion of an underground sructure that is exposed to soil and groundwater is subject to
degradarion from freeze/thaw cycling, leaching, chemical artack, and corrosion of embedded steel.
The use of an adequate moisture barrier can preclude exposure and eliminate these degradation
mechanisms. Freeze/thaw cycling will occur only near the surface, above the frost line.
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Reference 4 provides soil/groundwater chemistry date measured at a number of locations around S
and H areas. These dama show the subsurface soil pH in some locations is low enough (5.0) to
cause acid attack. Howevez, the concentrations of chiorides (7.5 mg/L. max.) and sulfates (195
mg/L max.) are below the threshold levels required for attack by these chemicals (500 and 1500

ppm, respsctively [2]). Accordingly, chemical attack of underground concrete is not expected to
be significant.

Once backfill is placed around a structure, it is this near-surface region that would be most
susceptible 10 damage. Also, if the final grade ends up a little higher than the moisture barrier, this
region will again be exposed to the above degradation mechanisms. Most of the

concrete structures are provided with moisture protection, as summarized in Table 3.

Despite the waterproofing measures cited in reference 5 for the FESV, the vaults are reported o
have accumulated about 2 feet of water in about 2 months time, with their covers in place [6]. The
source of this water intrusion is curreatly under investigation. The limited evidence suggests the
waterproofing on the underground surfaces may have been breached and the water table may have
riseq in recent years, but other causes cannot be ruled out. While tests from several years ago
identified the water table to be about 5 ft or so below the bottom of the FESV, groundwater levels
can vary over time. Due to-the observed water in the FESV, the degradation is possible due 1o
cither leaching or corrosion of embedded steel. The extent of such degradation, if any, should be
evaluated after the source of the water is identified.

When further information is available on the source of water in the FESV, any potential impact on
other underground structures should be reevaluated. For example, Reference 7 identifies that the
base of the vitrification building is about 20 ft above the water table. At an elevation of 269 ft 6 in,
the base of the vitrification building is about 16 ft higher than the FESV vault floor. If the water
table bas risen significantly, the vitrification building, with no identified moisture barrier, may be
subject to groundwater damage. The base of the 980-S and 422-S dikes are at higher elevations
than the base of the vitrification building, at 282 fi 8 in [8] and 283 ft 3 in {9], respectively, and
should remain well above the water table. The base of the pump pits is at an elevation of about 241
ft, which is about 12 ft lower than the FESV floor. The LPPP is reported to heve had significant
water intrusion during construction, but has remained dry since. As long as the pump pits
continue to remain dry, no degradation of the pump pit cells is expecict. The possibility of
degradation should be reconsidered if significant exposure to moisture occurs (from process leaks
and spills, or groundwater in-leakage).

Table 3. Summary of underground concrete protective measures

: above the watertable®* . .
_LPPP & LWEF Cells waterproofing membrane on floor and outer walls 10
_Zone 1 Exhaust Tunnel | dampproofing (6 mil polyethylene) on exterior surfaces 11
_Sand Filter i dampproofing on all exterior below grade surfaces 3
Fan House Structure dampproofing under the slab on grade 12
FESV _ waterproofing on bottom and sides * - 5
422-§ Acid Tank Dikes none identified, but positioned well above water table 9

980-S Organic & Nitric Dikes _none identified, but positioned well above water tabie 8
* See the discussion in the text regarding the FESV and water table elevation.
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Degradation of Chemical Service Concrete .
ThefoMgdcgradaﬁmmechanismsmspedﬁcmchemmlsaﬁceqomcmcum:

+ Chemical Attack - see above description
+ Corrosion of Embedded Steel - see above description
The chemical service concrete structures addressed in this section are:

Remote Process Cell Walls LWF Cells and Cell Covers
Remote Process Cell Covers All dikes

Low Point Pump Pit Cells and Cell Covers Zone 1 Exhaust Tunnel
Canyon Walls Sand Fileer

In general, the concrete structures that are poteatially exposed to chemical liquids (due to spills,
leaks, erc.) are provided with floors that slope to trenches, sumps, dikes, drains or other
containment structures. Accordingly, any exposure of the structures o corrosive chemicals occurs
during spills, leaks, or decontamination operations and is limited in duration. In some structures
(such as the purnp pit cells), leak detection monitors check for any leakage past the protective
liners. :

The dikes and canyon walls are subject to exposure from acid/caustic spiils and any resulting
vapors, while the remaining structures can be exposed to process vapors. Each of the structures
within the zone 1 ventilation system (remote process cell walls and covers, zone 1 exhaust tunnel,
and sand filter) would see diluted process vapors, due to the ventilation air flow maintained in
these areas. The LWF and LPPP are also ventilated, and any spills/leaks in these areas should not
lead to any concentrated vapor buildup either.

Table4mmmaﬁmmepromcﬁvemeasmmmmmphcemﬁmmmeabsap&onofﬁquids
into the concrete, and to facilitate decontamination. This typically consists of a coating system, or
stainless steel liner. While several candidate coating systems are permitted, a vinyl ester system
has been generally used in the thicker applications. Given the limited exposure to comrosive vapors
thatislikely,bomsminkssstcelandmeidenﬁﬁedcoaﬁngsysmmsmoonsidaedadequatcw
protect the concrete.

The potential for stainless steel corrosion in the presence of the precipitate shurry was shown to be
low {13]. In addition, formic acid is added in the process vessels. Type 304 stainless steei has a
typical corrosion rate of less than 20 mil/yr when exposed to concentrated formic acid vapors, and
greater than 50 mil/yr when exposed to formic acid {14]. Given the limited duration exposure
likely to result from leaks/spills, the stainless steel liners are considered adequate o prevent such
leaks/spills from reaching the underlying concrete structures.

All of the identified conérete coating systems are designed for splash and spill conditions and not
for immersion purposes. This means that when a spill occurs, it should be cleaned up within the
current work shift per a clean-up procedure. If this is not done, coating degradation will occur.

The coatings should stand up to the radiation exposure as specified in the drawings.

Of the specific coatings identified, Ceilcoat 6650, 25008 and 2500B are suitable for the splash and
spill conditions of short term exposure to nitric acid, formic acid, and sodium hydroxide [15].
The other specific coating products reviewed (i.e. Plasite 4004-5, now Plasite 4100; Plasite 7122;
Flakeline 222HT Flakeline 300, and Carboline 195 ) have specific recommendations against
immersion in sodium hydroxide, nitric acid, formic acid, and sodium hypochlorite, but will be
suitable for splash/spill service {15, 16, 17). The remaining coating systems are assumed to
behave similarly. Since these coatings should be exposed to a corrosive environment only in the
form of spills or leaking fumes, acceptabie corrosion resistance is expected.
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During a walkdown of several of the concrete structures in July 1995, it was observed that leakage
from a caustic feed pump (in the tank storage area, 3rd level, west service corridor of the
vitrification buildirg) had run down to the grout base under the purnp. The protective coating on
the grout (and the rest of the surrounding floor and dike sides) was pulled away from the pump
base plate, allowing liquid to seep into the grout / concrete below. This particular observation does
not indicate an adverse impact on the concrete structural integrity, since the concrete is alkaline and
should not react with caustic. However, similar breaches in the coating might exist at other
locations, allowing acid spills to eater the concrete. Periodic inspections should be performed to
identify whethcr other such breaches of the coating have occurred, and determine whether repair is
necessary. This will help ensure proper protection of the concrete.

Table 4. Summary of protective measures for chemical service concrete structures

Structure Protective Measure © Ref.
"RPC Walls ,
CDC, REDC, CDMC 1/4 or 3/8 inch thick 304L on floor, 1/4 inch thick 304L 7,18, 19
walls ’
SPC, CPC, MC 0.1 inch (min.) coating on walls and floor 18, 19

WTC, Canister Exit 0.1 inch (min.) coating on floor, 0.012 inch (min.) coating 18, 19
Transfer Tunnel on walls .
Laydown Area 1/4 inch thick 304L oa floor, 0.1 inch (min.) coating on 7, 18,19
: walls '
LPPP & LWF Cells 3/8 inch thick 304L plate on floor, 3/8 inch plateup 0 18 10
inches on walls, and 1/4 inch plate above that
soncreis-(erout)-is-conttinad ina s Dey hyi

LPPP & LWF Cell Siae Do wachisceannd B we wyl o
Covers -with-radiationservicepaint— none, derdified , bt Fumes from The 200 M crete.
Canyon Walls paiat or 0.004 inch (zin. coat Biypical for commidors. 18, 19 wg9

. personnel areas
980-S Dikes 0.1 inch (min.) coating on floor ai:d 4 inch up sides 8
422-S Dikes 0.1 inch (min.) coating * 9, 21
Vit. Bldg. Dikes 0.035 inch (min.) or thicker coating 18, 19
Zone 1 Exhanst Tunnel 0.1 inch (min.) coating on floor, 0.035 inch (min) coating 18

. on walls and ceiling

Sand Filter 0.035 inch (min.) coating on floor & wainscot 22

* Several candidate coating systems are allowed for the structures listed above [23]. These include
c products from the following generic coating types:
Vinyl ester - 0.1 and 0.035 inch thicknesses
Epoxy - all thicknesses
Polyurethane - 0.035 and 0.012 inch thicknesses
Polyester - 0.012 thickness
¥* While not located within Building 422-S, the 50% nitric acid portable storage tank is identified
as a 422-S structure {ID # $422-010-010-T). The dike for this tank has a0 protective coating,
based on walkdown observations.

Degradation of Radiation Service Concrete :
The following degradation mechanisms are specific to radiation service concrete structures:

* Radiation Effects - Radiation exposure can cause decomposition (loss) of water and thermal
warming of the concrete, In addition to water loss caused directly by radiation, heating the
concrete leads to further water loss. An integrated gamma dose exceeding 1019 rads (or an
incident energy flux greater than 1010 MeV/cm2-sec) is required for significant damage.
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The radiation service concrete structures addressed in this section are:

LWEF Cells GWSB Vault S

Remote Process Cell Walls Sand Filter

Low Point Purnp Pit Cells and Cell Covers Zone 1 Exhaust Tunnel

Canyon Walls Failed Equipment Storage Vanits

The maximum estimated radiation exposure over the service life of the vitrification building is 7 x
10° rads, with the melt cell receiving the highest exposure levels {18, 19]. Exposure levels for the
zone 1 exhaust tunnel and sand filter are much lower that this value (3 x 107 rads [18, 22]). The
estimated exposures for the other concrete structures (LWF cells, LPPP cells and cell covers,
GWSB vault supports, and FESY) are also expected to be less than the maximum exposure for the
vitrification building, but specific estimates were not identified prior to issuing this report. If the
radiation exposures for all the concrete structures listed above are confirmed to be less than 1010
rads, then no significant degradation should resuit from radiation exposure.

While radiation shouldn't damage the concrete directly, damage of the coatings on concrete
structures can leave the structure vuinerable to chemical attack. The coatings discussed above
should provide resistance for radiation exposures on the order of 5 x 10° rad [24]. At about this
level, blistering and spalling can occur. With exposure to chemical vapors or elevated temperature,
degradation can begin at lower exposures. The melt cell will receive an exposure of about 7 x 109
rad, while several other cells will be exposed to 1 - 4 x 109 rad [18]. Visual inspection of the
coated surfaces in these cells is recommended. If degradation of the coating is noted, rapid cleanup
of spills becomes imperative to minimize the time available for liquids to soak into the concrete.

Degradation of Heated Concrete _
The following degradation mechanisms are specific to heated concrete structures:

» Elevated Temperature Degradation - Exposure to elevated temperature can lead to the loss of
moisture in the cement paste and possible thermal incompatibilities between the paste and
aggregate. Degradation is manifested as decreases in the compressive strength and stiffness
(modulus of elasticity) of the concrete. The threshoid temperature for such degradation is
about 95 °C (200 °F).

.+ Creep - Creep is the time-dependent accumulation of plastic strain under an applied load.
Elevated temperatures can increase creep rates. While the deformation caused by creep is not
considered in this report, it is noted that creep can cause cracking at the aggregate/cement
interface. Howevez, these cracks are usually small and do not significantly affect the
concrete propertics.

The heated concrete structures addressed in this section are:
GWSB Vault §

Failed Equipment Storage Vaults

The GWSB will normally be cooled by a forced air circulation system to maintain
close to ambient. However, these souctures have the potential for exposure to elevated
temperatures in the event the air circulation system fails for a period of time. The maximum
temperature reached will depend on the duration of the cooling air outage. Reference 25 presents
preliminary estimates of the GWSB vault roof temperature following such an event, and shows
that the lower surface of the vault roof can increase by several hundred degrees Fahrenheit within a
few days. (Since this reference is based on preliminary data, specific results are not cited.) The
conclusions reached in this repart should be reevaluated after qualified temperature estimates are
available.
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The failed equipment storage vaults are similarly heated by radioactive decay, but they do not have
forced circulation cooling. The maximnm concrete temperature calculated for the concrete vaults is
153 °F [26]. .

The degradation of concrete mechanical properties due to elevated temperatures has been reported
for Hanford waste tank structures [27]. No significant degradatioi occurs for temperatures below
200 °F. For higher temperanires, Table 5 summarizes the observed decrease in compressive
swength and elastic modulus for concrete with a 28 day compressive strength rating of 3 ksi. Note
that the actual compressive strength was much higher than 3 ksi, with a lover confidence band
strength of 5.39 ksi at 100 °F. Note also that the instantaneous (0 day) strength and elastic
modulus drop with increasing temperature. This drop is related strictly to temperature and should
be recovered as the teuaperature drops. Only thai portion of the total decrease associated with time
at temperature would not be recovered. :

The GWSB vault cover is consaucted of precast concrete panels with a concrete topping, while the
walls and flcor are reinforced concrete [28]. Reference 29 identifies that these two forms of
concrete are required to have 2 minimum comepressive strength at 28 days of 5 ksi and 4 ksi,
respectively. Given the likelihood that the actnal concrete strength is well in excess of the required
minimum values, it is not likely that the strength will decrease to a point that will compromise
structural margins. The effect of changes in the elastic modulus is less certain. With the relatively
large decrease dve to high temperanire alone, structural margins might be compromised during the
tirne that high temperatures are present. Structural Mechanics should determine whether any
structural margins could be compromised as & result of the decrease in elastic modulus at high -
temperature, :

Arother high temperatint: effect to be considered is creep of concrete. This review is nominally
restricted to the degradation of material properties, so creep will be lefi for Structuzal Mechanics to
addvess. However, it is noted that creep strains on the order of 0.1% or less have been reported
for up to S0 days et temperatures up o 300 °F [30].

Table 5. Mechanical properties vs time at temperature (from Reference 27)

Medm:icall’rwmy\lalm Change iz Value after 7 Days
Instan- | Valeat | Valueat | Total Change Non-
Mechanical Temp. | tancous | 1.8 days | 7days | fromRT | recoverable
Property * (H Value valne change
. | Compressive | 100 (RT) |- 5390 5390 5390 0% 0%
Strength 250 -{ 5380 5300 5200 35% | 33%
(ksi) 350 5380 3160 4970 78% 7.6 %
450 4920 4730 4500 17 % 8.5%
Elastic 100RD| 4.15 4.15 4.15 0% 0%
Modulus 250 | 3.82 3.66 3.48 16% 89 %
(106 psi) 350 3.14 2.99 2.80 33% 11%
450 247 | 230 | 2.14 483 % 13%

* Lower 95% confidence band values are given in this table

Degradation of Steel Structures: ‘

Degradation mechanisms applicable to steel have been described th other reports (13, for example).
Given the service conditions likely to be experienced by the steel structures considered in this
report, the following degradation mechanisms are considered:
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General Corrosion - uniform artack that results in gradual thinning of the material,
Pitting Corrosion - localized attack typically leading to relatively small throughwail holes.
Crevice Corrosion - localized attack at crevice locations due to isolation from the bulk chemistry.

Galvaniccozmsion-co:msionofmemoreacﬁveonmetalsinconmwid:mhothainmc
presence of an electrolyte.

Low Temperature Emtuiulmt-alossofdmﬁlityandtoughmduetoareducﬁonin
temperature below the nil-ductility temperature.

Radiation Embrittlernent - a loss of ductility and toughness due to radiation interactions that
disrupt the metal lattice structure.

Degradation of General Service Steel:
Of the above degradation mechanisms, general service steel structures are potentially susceptible to
general corrosion, galvanic corrosion, and low temperature embrittlement. All of the identified
swdsuucumamcmsidaedmscepﬁblewzhedegradaﬁonmhmsfmgenaal service steel.
Thosesu'ucumsthataremtexposed:oasevaeopa‘aﬁngmvimnmem (chemical or radiation) are:

Viuification Building (part of roof structure)

Melt Cell Crane Rails and S

LWF Crane Rails and Superstructure

LPPP Process Cell Crane Rails and $

Zone 1 Exhaust Tunnel (steel portion downstream of the sand filter)

Fan House Crane Rails and Superstructure

422-§ Superstructures

Genaalconnﬁonmmsofcubonswelmambiemmhaicmndiﬁmscanvmywidely.
References 31 and32r=pmcouosionmmmnging&ommman02nﬁ]fywmabout3nﬁvyear
at a number of locations throughout the United States and Great Britain. Additional values above
and below this range are possible ing on moisture and pollutant levels [33]. However, the
highaconosimmgmaaﬂyoccwmheavﬂyindusuianmdmsandwuldnmbee

from atmospheric exposure at the Savannah River Site. For carbon steel that is provided with a
protective coating (paint, polymer, etc.), essentially no corrosion should occur unless that coating
is damaged. Oncedamaged.aconosionmoflmlnﬁUywisconsidaedreasonablefor
unprotected areas. In gencral, the above steel structures have a protective coat and should be
inspected periodically to ensure the coating is intact. The zone 1 exhaust tunnel has an epoxy
coating over latex and zine primer coats, The epoxy has biisters (not broken open), but the
underlying layers are intact [34). Continued monitoring per reference 34 is recommended. The
cmnemﬂswoddtypicdlynabewamihnﬁgmoxidaﬁmofﬂwmmikshouldmtimpar
their operability or strucwural integrity. :
Galvanicccn'osionwinonlyoccmisthesteelsu'ucmisinconmctwiﬂlanomatypeofmem
The required electrolyte could be provided by condensation or other moisture sources. If a review
of the structures identifies that no non-steel metal parts (bolts, connector plates, wires, etc.) are in
contact with the steel structures, then galvanic corrosion cannot occur.

The possibility oflowtempemuneembﬁulmtwasoonsiduedinmfm%forﬂaeorgmic

ge outer shell. FortempmnnesaslowasO'F,alowa'boundfmcmtoughness
(Kc) of 42 ksi in, and stress of 30 ksi, the critical flaw length (2a) required for sudden fracture
from a throughwall flaw is given by:

2a=2 (Kic/0y)?/ % = 1.25 inch
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Theuscofmemhsncﬁacmmughncssvalmasde&nbsumrefmceﬂ(Le.,above 100
ksivin) increases the critical flaw lengtl: tc 7 inches or gredtes. Fot flzws that arc only part-
throughwall, even. greater lengihis are required for suddea failure.

OMymosepaumsofthemeimsdmmmdemhcmmmmnmwmbemb]m
to low temperature embrittlemesi. This would bz primagily limmitr 4 o steel beams in the roof of the
vitrification building. Thess boense will alsy be pardslly wanned by heat from inside the building
conducting through the roof. 'Ii is unlikely thet the structural sieel beams would contain cracks of
the size calculated above. It is possibie that weld defects such as lack of fusion could exist that
would approximate a pan-throughwall crack. Howevez, proper fzbiication and inspection
practices should minimize the likelihood of their existence. Since only limited portions of the
beams would be exposed o low tewnperatures and it is unlikely that flawrs approaching the critical
ﬂawlengthenst.lowtcmperamemtnnlemcuusmtmdemdhkely

Degradation of Chenrical / Radiation Service Sicel: -
The following steel structures are potentially exposed i & corrosive chimiuical environment and high
radiation levels:

SPC/CPC Removable Wall

Canyon Cell Covers

GWSB Canister Supports

Structures such as crane rails and superstructures will be exposed to radiation fields during periods
when the cell covers are removed. However, these periods should be short compared to the time
mmwmmmpmmgm&mofsmd&ng&mmmm
Therefore, radiation damage to these structures will not b2 significant. _

The shuciures listed above are prtentially exposed o comosive chemicals and significani radiation
levels. R%;ﬁonlevelsinﬁevarbuspmsedlsmngeﬁom?xl@m?xl(ﬁmdﬁfeﬁme
exposure[18].

In the waste tanks, over 99% of the radiation damage to the ®nk walls is from gammas with 0.66
MeV energy or greater [35). While some changes in nuclide concentrations will occur as the waste
is processed, this gamma energy will provide a bounding estimate of the radiation damage to the
steel structures, Assuming that all gammas contributing to the 7 x 10° rad dose have this lower
bound energy gives a conservative estimate of the total number of gammas interacting with the steel
structures:

S = (7 x 10P rad) [(100 erg/g)/rad} (6.24 x 105 McVIe.rg) (7.9 g/cm’) / (0.66 Me V)
=5.2x 1012 yem?

'Ihedamagecansedbytlnsgammmcetmmscahlhwd the garnma interaction cross
section for iron. Smcethecrosssecuomsmc:gydepwdem(itsvahwme&sw@gamm
energy), an upper bound cross section of 0.011 bam/electron (comesponding to a gamma energy
of 2.2 MeV) is assumed for all gammas. Therefore, the damage is:

Damage = [5.2 x 108 yem?®/ 2(0.4 cm?/g)] (0.011 bam/e’) (26 e/Fe atom) (10-24 coy?/barn)
= 1.8 x 106 dpa

Reference 35 identifies that carbon steels do not experience any significant degradation at radiation
levels of 1 x 10-5 dpa or less. Aocordmgly.ﬂlecanyoncellcovcrsandSPClCPCremovablewall
degradation.

will not experience any significant radiarion
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The estimated radiation level for the GWSB canister supports was not available prior to issying this
report. This value should be identified. If the radiation exposure for the canister supports exceeds
4 x 10'% rads, additional evaluation might be warranted. If it is less than this value, no significant
degradation should occur from radiation exposure.

The possibility of chemical attack exists for the SPC/CPC removable wall, and the canyon cell
covers. The process vessel vent system maintains a vacuum in process equipment relative to the
canyon cells in order to limit leakage of vapors o the cells. In the event that spills or leakage do
releaseconosiveliquidsorvapm'stotheccﬂs.dlemlvenﬁla.ﬁonsystcmprovidcsﬁmhair
ventilation to these areas to prevent the buildup of vapors. Carrosive species that might be released
include water vapor, mercury, and formic acid. Similar to the concrete structures, these sieel .
structures also have protective coatings. Periodic inspection to verify that the coatings are intact are
recommended.
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Date Negative Number Description (specific)
Aug-95|WSRC-FM- 55-0009 LHIDMS
Aug-95WSERC-FM- 95-0009 2|IDMS
Aug-95IWSRC-FM- 95-0009 3|IDMS
Aug-95|WSRC-FM- 95-0009 4|IDMS
Aug-95|WSRC-FM- 95-0009 S|IDMS Off-Gas Line
Aug-95[WSRC-FM- 95-0009 6/IDMS QUENCHER OUTLET
Aug-95|WSRC-FM- 95-0009 7ISTACK (1/1)
Aug-95|WSRC-FM- 95-0009 BISTACK (1/1)
Aug-95|WSRC-FM- 95-0009 9|OFF-GAS CONDENSER DRAIN (1/1)
Aug-95|WSRC-FM- 95-0009 10{OFF-GAS CONDENSER DRAIN (1/1)
Aug-95|WSRC-FM- 95-0009 11{SAS DRAIN (1/1)
Aug-95|WSRC-FM- 95-0009 12|SAS DRAIN (1/1)
Aug-95|WSRC-FM- 95-0009 13{HEME OUTLET (1/D)
Aug-95IWSRC-FM- 95-0009 14/ IDMS MELT POOL THERMOWELL (Alumina insulator before removal with hammer)
Aug-95{WSRC-FM- 95-0009 15{IDMS MELT POOL THERMOWELL (Alumina insulator before removal with hammer)
Aug-95{WSRC-FM- 95-0009 16{IDMS MELT POOL THERMOWELL (Alumina insulator after removal with hammer)
Aug-95IWSRC-FM- 95-0009 _ 17{IDMS MELT POOL THERMOWELL {Alumina insulator after removal with hammer)
Aug-95|WSRC-FM- 95-0009 18/IDMS MELT POQL THERMOWELL (Alumina insulator after removal with hammer!
Aug-95|WSRC-FM- 95-0009 19 IDMS MELT POOL THERMOWELL (under alumina insulator)
Aug-95|WSRC-FM- 95-0009 20/IDMS MELT POOL THERMOWELL (under alumina insulator)
Aug-95|WSRC-FM- 95-0009  21|IDMS QUENCHER (INLET) i
Aug-95[WSRC-FM- 95-0009  22|IDMS QUENCHER (INLET) fuzzv
Aug-95|WSRC-FM- 95-000%  23|IDMS QUENCHER (INLET)
Aug-95{WSRC-FM- 95-0009  24[{IDMS QUENCHER (OUTLET)
Aug-95{WSRC-FM- 95-0009  25[IDMS Quencher Qutlet {looking back up at nozzle)
Aug-95|WSRC-FM- 95-0009  26/IDMS Quencher Qutlet (fooking back up at nozzle)
Aug-95[{WSRC-FM- 85-0009  27{HEPA INLET (1/1}
Aup-95|WSRC-FM- 65-0009  28|HEPA INLET (l/1)
Aug-95|WSRC-FM- 95-0009  29|HEME INLET (1/1)
Aug-95{WSRC-FM- 95-0009  30|HEME INLET (1/1)
Aug-95{WSRC-FM- 95-0009  31|HEME INLET (1/1}
Aug-95|WSRC-FM- 95-0009 32|Stainless Steel Melt MTS WR 95-15
Aug-95|WSRC-FM- 95-0009 33|Stainless Steel Melt MTS WR 95-15
Aug-95|WSRC-FM- 95-0009  34|Stainless Steel Melt MTS WR 95-15
Aug-95|WSRC-FM- 95-0009  35{Stainless Steel Melt MTS WR 95-15
Aug-95|WSRC-FM- 95-0009  36/IDMS CAMERA PORT COUPON RACK (rack onlv)
Aug-95|WSRC-FM- 95-0009  37{IDMS CAMERA PORT COUPON RACK (rack only)
Jul-95|WSRC-FM- 93-0008 11IDMS - Melter Drain Valve before removal of glass (botiom of melter looking up)
Jut-95|{WSRC-FM- 95-0008 2{IDMS - Melter Drain Valve
Jul-95|WSRC-FM- 95-0008 3IDMS - Melter Drain Valve before removal of glass (bottom of melier looking up)
Jul-95|WSRC-FM- 95-0008 4/IDMS - Vent Line. Original Film Cooler, & Replacement Film Cooler
Jul-95|WSRC-FM- 95-0008 5|IDMS - Original Film Cooler
Jui-95{WSRC-FM- 95-0008 6|IDMS - Original Film Cooler
Jui-95{WSRC-FM- 95-0008 7|IDMS - Replacement Film Cooler
Jul-95|WSRC-FM- 95-0008 8|IDMS - Vent Line
Jul-95 [ WSRC-FM- 95-0008 g{IDMS - Vent Line, Original Film Cooler, & Replacement Film Cooler
Jul-95 | WSRC-FM- 95-0008 10{IDMS - Original Film Cooler
Jul-95|WSRC-FM- 95-0008 11{IDMS - Original Film Cooler
Jul-95|WSRC-FM- 95-0008 12{IDMS - Original Film Cooler
Jul-95|WSRC-FM- 95-0008 13[IDMS - Vent Line
Jul-95|WSRC-FM- 95-0008 14{IDMS - Vent Line (looking up pipe at obstructions)
Jul-95|WSRC-FM- 95-0008 151IDMS - Vent Line (looking up pipe at obstructions)
Jul-95|WSRC-FM- 95-0008 16]IDMS - Feed Tube
Jul-95|WSRC-FM- 95-0008 17|IDMS - Feed Tube
Jul-95|WSRC-FM- 95-0008 18] IDMS - Feed Tube (Crack iust below alumina insulator)
Jul-95|WSRC-FM- 95-0008 19IDMS - Feed Tube (Crack just below alumina insulator)
Jul-95 | WSRC-FM- 95-0008 201 IDMS - Feed Tube (Crack just below alumina insulator)
Jul-95|WSRC-FM- 95-0008 21{IDMS - Feed Tube (Crack just below alumina insulatort
Jul-95|WSRC-FM- 95-0008 22{IDMS - Feed Tube (Tip)
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! Date Negative Number Description (specific)
Jul-95|WSRC-FM- 95-0008  23]IDMS - Feed Tube (Tip)
Jul-95[WSRC-FM- 95-0008  24{IDMS - Feed Tube (Tip)
Jul-95|WSRC-FM- 95-0008  25{IDMS - Borescope
Jul-95|WSRC-FM- 95-0308  26]IDMS - Borescope

Jul-95|WSRC-FM- 95-0008  27|IDMS - Melter Drain Valve before removal of glass (bottom of melter looking up)
Jul-95|WSRC-FM- 95-0008  28|IDMS - Melter Drain Valve before removal of glass (bottom of melter looking up)
Jul-95|WSRC-FM- 95-0008  29|IDMS - Melter Drain Valve before removal of glass {bottom of melter looking up)
Jul-95|WSRC-FM- 95-0032 CIRCUIT BOARD MELT TEST MATERIALS LAB WR #35-14
Jul-95| WSRC-FM- 95-0032 CIRCUIT BOARD MELT TEST MATERJALS LAB WR #95-14
Jul-95{WSRC-FM- 95-0032 CIRCUIT BOARD MELT TEST MATERIALS LAB WR #95-14
Jul-95|WSRC-FM- 95-0032 CIRCUIT BOARD MELT TEST MATERIALS LAB WR #05-14

Jul-95|WSRC-FM- 95-0032 CIRCUIT BOARD MELT TEST MATERIALS LAB WR #95-14
Jul-95|WSRC-FM- 95-0032 MISC. DOD ELECTRONIC COMPONENTS
Jul-95(WSRC-FM- 95-0032 MISC. DOD ELECTRONIC COMPONENTS

Olee ||| & Wt | =—

Jul-95[WSRC-FM- 95-0032 MISC. DOD ELECTRONIC COMPONENTS

Jul-95| WSRC-FM- 95-0032 MISC. DOD ELECTRONIC COMPONENTS

Jul-95| WSRC-FM- 95-0032 10|IDMS Melter Lid Heaters and Upper Electrodes (before cleaning)
Jul-95| WSRC-FM- 95-0032 11{IDMS Melter Lid Heaters {penetration into refractory)
Jul-95|WSRC-FM- 95-0032 12|[IDMS Melter Upper Electrodes and Melter Bottom (fuzzy)
Jul-95|WSRC-FM- 95-0032 13|IDMS Melter Lid Heaters (penetration into refractory)
Jul-95|WSRC-EM- 95-0032 14|IDMS Camera Port Corrosion Rack (necking of rack beneath I 625 coupon)
Jul-95|WSRC-FM- 95-0032 15{IDMS Camera Port Corrosion Rack ST6BLC 5 VAPOR SPACE
Jul-95|WSRC-FM- 95-0032 16{IDMS Camera Port Corrosion Rack ST6BLC 5§ VAPOR SPACE
Jul-95|WSRC-FM- 95-0032 17{IDMS Melter Refractory (prior to cleaning)
Jul-95|WSRC-FM- 95-0032 18|IDMS Melter Lid Heatets

Jul-95|WSRC-FM- 95-0032 19{IDMS Melter Upper Electrodes and Melter Bottom
Jul-95|WSRC-FM- 95-0032  20|IDMS Melter Lid Heaters

Jul-95{WSRC-FM- 95-0032 21{IDMS Melter Upper Electrodes and Melter Bottom
Jul-951WSRC-FM- 95-0032  22|IDMS Melter Upper Electrodes and Melter Bottom
Jul-95|WSRC-FM- 95-0051 1|IDMS Level Probe

Jul-95|WSRC-FM- 85-0051 2|IDMS Level Probe

Jul-95|WSRC-FM- 95-0051 311IDMS Thermowell - Melt Pool

Jul-95|WSRC-FM- 95-0051 4{IDMS Thermowell - Melt Pool

Jul-95|WSRC-FM- 95-0051 5|IDMS Level Probe

Jul-95|WSRC-FM- 95-0051 .6/ IDMS Vapor Space Thermowell in Melter Lid
Jul-95|WSRC-FM- 95-0051 7/IDMS Vapor Space Thermowell in Melter Lid
Jul-95|WSRC-FM- 95-0051 8|IDMS Vapor Space Thermowell in Melter Lid
Jul-95|WSRC-FM- 95-0051 9|IDMS Thermowell - Melt Pool

Jul-95|WSRC-FM- 95-0051 10]IDMS Level Probe & Melt Pool Thermowell
Jul-95|WSRC-FM- 95-0051 11{IDMS Lid Heaters

Jul-95]WSRC-FM- 95-0051 12|Feed Tube

Jul-95jWSRC-FM- 95-0051 13]IDMS Vapor Space Thermowell in Melter Lid
Jul-95|WSRC-FM- 95-0051 14| Off Gas Vent Line

Jul-95|WSRC-FM- 95-0051 {5IIDMS Film Cooler & Vent Line

Jul-95|WSRC-FM- 95-0051 161 General 700-A Area

Tul-95|WSRC-FM- 95-0051 17| General 700-A Area

Jul-95|WSRC-FM- 95-0051 18| General 700-A Area

Jul-95|WSRC-FM- 95-0051 19{IDMS Film Cooler & Coupons

Jul-95|WSRC-FM- 95-0051 20{IDMS Film Cooler & Coupons

Jul-95|WSRC-FM- 95-0051 21|/IDMS Fiim Cooler & Coupons

Jul-95| WSRC-FM- 95-0051 22| Off Gas Vent Line

Jul-95| WSRC-FM- 95-0051 2310Off Gas Vent Line

Jul-95|WSRC-FM- 95-0051 241 IDMS Thermowell Meit Pool

Jul-95|WSRC-FM- 95-0051 25|IDMS Melt Pool Thermowell & Level Probe (Flange Ends)
Jul-95|WSRC-FM- 95-0051 26|IDMS Camera Port - Splash Zone Coupons
Jul-95|WSRC-FM- 95-0051 27|IDMS Lid Heaters

Jul-95|WSRC-FM- 95-0051 28| IDMS Off Gas Vent Line - IDMS Film Cooler
Tul-95|WSRC-FM- 95-0051  29]|IDMS Film Cooler & Coupons
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Jul-95|WSRC-FM- 95-0051 30| IDMS Camera Port - Vapor Space Coupons
Jul-95|WSRC-FM- 85-0051 31|IDMS Camera Port - Splash Zone Coupons
Jul-95|WSRC-FM- 95-0051 32{IDMS Camera Port - Vapor Space Coupons
Jul-95|WSRC-FM- 95-0051 33{IDMS Camera Port Coupon Rack (Entire Rack)
Jul-95|WSRC-FM- 95-0051 34|IDMS Camera Port - Splash Zone Coupons
Jul-95|WSRC-FM- 95-0051 35]IDMS Camera Port - Vapor Space Coupons
Jul-95}WSRC-FM- 95-0051 36|IDMS Lid Heaters
Jul-95} WSRC-FM- 55-0051 37| IDMS Lid Heaters
Jul-95|WSRC-FM- 95-0051 38[IDMS Lid Heaters
Jul-95|WSRC-FM- 95-0051 39|IDMS Electrodes and Lid Heaters
Jul-95|WSRC-FM- 95-1521 1{IDMS Camera Port Vapor Space
Jul-95|WSRC-FM- 95-1521 2{IDMS Camera Port Vapor Space
Jul-95|WSRC-FM- 95-1521 3{IDMS Camera Port Splash Zone
Jul-85|WSRC-FM- 095-1521 AHIDMS Camera Port Splash Zone
Jul-95|WSRC-FM- 95-1521 S{IDMS Film Cooler
Jul-95|WSRC-FM- 95-1521 6|Unknown
Jul-95|WSRC-FM- 95-1521 TIIDMS Quencher Qutlet
Jul-95]WSRC-FM- 95-1521 8{IDMS Quencher Qutlet
Jul-95{WSRC-FM- 95-1521 9|IDMS Quencher Inlet
Jul-95|WSRC-FM- 95-1521 10{IDMS Quencher Inlet
Jul-95{WSRC-FM- 95-1521 11|IDMS Vapor Space - Splash Zone
Jul-95\WSRC-FM- 95-1521 12]IDMS Vapor Space - Splash Zone
Jul-95{WSRC-FM- 95-1521 13{IDMS Camera Port Coupon Rack
Sep-95|WSRC-FM- 95-0044 1|DWPF SME Coil
Sep-95{WSRC-FM- 95-0044 2|DWPF SME Coil
Sep-95{WSRC-FM- 95-0044 3IDWPF SME Coil
Sep-95|WSRC-FM- 95-0044 4 DWPFEF SME Coil
Sep-951WSRC-FM- 95-0044 5|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 6|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 7[DWPF SME Coil
Sep-95)WSRC-FM- 95-0044 8| DWPF SME Coil
Sep-95| WSRC-FM- 95-0044 9{DWPF SME Coil
Sep-95{WSRC-FM- 95-0044 10| DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 11} DWPFEF SME Coil
Sep-95|{WSRC-FM- 95-0044 12{DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 13|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 14|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 15{DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 16|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 17iDWPF SME Cail
Sep-95|WSRC-FM- 95-0044 18|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044 19|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  20|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  21|DWPF SME Coil
Sep-95[WSRC-FM- 95-0044  221DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  23]1DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  24|DWPF SME COIL
Sep-95|WSRC-FM- 95-0044  25|DWPF SME Condenser to SMECT Jumper
Sep-95|WSRC-FM- 95-0044  26/DWPF SME Condenser to SMECT Jumper
Sep-95|WSRC-FM- 95-0044  27{DWPF SME Condenser to SMECT Jumper
Sep-95|WSRC-FM- 95-0044  28|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  29]DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  30|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  31|DWPF SME Coil
Sep-95|WSRC-FM-_95-0044  32|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  33|DWPF SME Coil
Sep-95| WSRC-FM- 95-0044  34|DWPF SME Coil
Sep-95|WSRC-FM- 95-0044  35|DWPF SME Coil
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Sep-35{WSRC-FM- 95-0044  36|DWPF SME Coil

Sep-95|WSRC-FM- 95-0044  37|DWPF SME Caoil

Sep-95|WSRC-FM- 95-0044  38|DWPF SME Coil

Sep-95|WSRC-FM- 95-0044  39|DWPF SME Coil

Sep-95|WSRC-FM- 95-0044  40|DWPF SME Coil

Sep-95|WSRC-FM- 95-0044  41IDWPF SME Coil

Sep-95|WSRC-FM- 95-0044  42]DWPF SMECT Dip Leg Jumper

Sep-95|WSRC-FM- 95-0044  43{DWPF SMECT Dip Leg Jumper

Sep-95|WSRC-FM- 95-0044  44|DWPF SMECT Dip Leg Jumper

Sep-95|WSRC-FM- 95-0044  45|DWPFE SMECT Dip Leg Jumper

Sep-95|WSRC-FM- 95-0044  46|DWPF SMECT Dip Leg Jumper

Sep-95|WSRC-FM- 95-0044  47{DWPF SMECT Dip Leg Jumper

Sep-95|WSRC-FM- 95-0044  43{DWPF SMECT Dip Leg Jumper

Mar-95|WSRC-FM- 95-0050 1{DWPF MELTER Borescope Quter Housing
Mar-95|WSRC-FM- 95-0050 2|DWPF MELTER Borescope Outer Housing and Orifice
Mar-95|WSRC-FM- 95-0050 3|DWPF MELTER Borescope Orifice
Mar-95{WSRC-FM- 95-0050 4{DWPF MELTER Borescope Orifice
Mar-95|WSRC-FM- 95-0050 5|DWPEF MELTER Borescope Orifice OQuter Housing Large Pit (Side View)
Mar-95|WSRC-FM- 95-0050 6|DWPF MELTER Borescope

Mar-95{WSRC-FM- 95-0050 7|DWPF MELTER Borescope Outer Housing Cut
Mar-95]WSRC-FM- 95-0050 8|DWPF MELTER Borescope Orifice
Mar-95|WSRC-FM- 95-0050 __ 9|DWPF MELTER Borescope Orifice
Mar-95|WSRC-FM- 95-0050 10|DWPF MELTER. Borescope Orifice
Mar-95|WSRC-FM- 95-0050 11{DWPF MELTER Borescope Orifice
Mar-95|WSRC-FM- 95-0050  12{DWPF MELTER Borescope Orifice (Looking Straight At Orifice)
Mar-95[WSRC-FM- 95-0050 13{DWPF MELTER Borescope Orifice
Mar-95[WSRC-FM- 95-0050 14|DWPF MELTER Borescope Orifice

Mar-95| WSRC-FM- 95-0050 15|DWPF MELTER Borescope Quter Housing and Orifice
Mar-95| WSRC-FM- 95-0050 16|DWPF MELTER Borescope Quter Housing

Mar-95| WSRC-FM- 95-0050 17|DWPF MELTER Borescope Quter Housing and Orifice (cut)
Mar-95'WSRC-FM- 95-0050 18|DWPF MELTER Borescope Orifice
Mar-95|WSRC-FM- 95-0050 19|DWPF MELTER Borescope Orifice
Mar-95|WSRC-FM- 95-0050  20}|DWPF MELTER Borescope Outer Housing
Mar-95|WSRC-FM- 95-0050  21{DWPF MELTER Borescope Outer Housing
Mar-95[WSRC-FM- 95-0050 22|DWPF MELTER Borescope Quter Housing
Mar-95|WSRC-FM- 95-0050 23|DWPF MELTER Borescope Outer Housing
Mar-95|WSRC-FM- 95-0050  24|DWPF MELTER Borescope Quter Housing
Mar-95iWSRC-FM- 95-005¢0  25|DWPF MELTER Borescope Outer Housing
Mar-95|WSRC-FM- 95-0050  26{DWPF MELTER Borescope Camera Housing (blurry)
Mar-95|WSRC-FM- 95-0050 _ 27|DWPF MELTER Borescope Quter Housing 25A
Mar-95|WSRC-FM- 95-0050  28{DWPF MELTER Borescope Quter Housing 26A
Mar-95|WSRC-FM- 95-0050 29{DWPF MELTER Borescope Quter Housing
Mar-95|WSRC-FM- 95-0050 30|DWPF MELTER Borescope Quter Housing
Mar-95|WSRC-FM- 95-0050  3}|DWPF MELTER Borescope Quter Housing 26A
Mar-95|WSRC-FM- 95-0050  32|DWPF MELTER Borescope Outer Housing
Mar-95|WSRC-FM- 95-0050  33{DWPF MELTER Borescope Outer Housing
Mar-95]WSRC-FM- 95-0050  34|DWPF MELTER Borescope Outer Housing 25A
Mar-95|WSRC-FM- 95-0050  35|DWPF MELTER Borescope Quter Housing 26A
Mar-95[WSRC-FM- 95-0050  36|DWPF MELTER Borescope Quter Housing - New
Mar-95|WSRC-FM- 95-0050 _ 37|DWPF MELTER Borescope Outer Housing - New
Mar-95|WSRC-FM- 95-0050  38|DWPF MELTER Borescope QOuter Housing - New
Mar-95| WSRC-FM- 95-0050  39|DWPF MELTER Borescope

Mar-95|WSRC-FM- 95-0050  40|DWPF MELTER Borescope Outer Housing 25A
Mar-95|WSRC-FM- 95-0050  41|DWPF MELTER Borescope Outer Housing 25A
Mar-95|WSRC-FM- 95-0050  42|DWPF MELTER Borescope Outer Housing 25A
Mar-95/WSRC-FM- 95-0050  43|DWPF MELTER Borescope Outer Housing 23A
Mar-95 | WSRC-EM- 95-0050  44{DWPF MELTER Borescope Quter Housing 25A
Mar-95|WSRC-FM- 95-0050  45[DWPF MELTER Borescope Camera Assembly 26 A (Close Up)
Mar-95|WSRC-FM- 95-0050  46/DWPF MELTER Borescope Camera Assembly
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Mar-95|WSRC-FM- 95-0050  47|DWPF MELTER Borescope Camera Assembly 26A
Mar-95|WSRC-FM- 95-0050  48|DWPF MELTER Borescope Camera Assembly 26A (Overall)
Mar-95| WSRC-FM- 95-0050  49{DWPF MELTER Borescope Quter Housing

Mar-05 | WSRC-FM- 95-0050 50/ DWPF MELTER Borescope Cross-Section OQuter Housing
Mar-95|WSRC-FM- 95-0050 51/DWPF MELTER Borescope Camera Assembly 26A
Mar-95|WSRC-FM- 95-0050  52|DWPF MELTER Borescope Camera Assembly
Mar-95|WSRC-FM- 95-0050  53|DWPF MELTER Borescope Outer Housing 26A
Mar-95|WSRC-FM- 95-0050 54| DWPF MELTER Borescope Quter Housing
Mar-95|WSRC-FM- 95-0050  55|DWPF MELTER Borescope Quter Housing - Orifice

Mar-95| WSRC-FM- 95-0050  56/DWPE MELTER Borescope Quter Housing 26A
Mar-95|WSRC-FM- 95-0050  57|DWPF MELTER Borescope OQuter Housing
Mar-95|WSRC-FM- 95-0050 58| DWPF MELTER Borescope Outer Housing 26A

Mar-95| WSRC-EM- 95-0050  59|DWPF MELTER Borescope Quter Housing

Mar-95| WSRC-FM- 95-0050  60|DWPF MELTER Borescope Outer Housing
Mar-95|WSRC-EM- 95-0050  61{DWPF MELTER Borescope Quter Housing

Mar-95| WSRC-FM- 95-0050 62|DWPE MELTER Borescope Outer Housing
Mar-95|[WSRC-FM- 95-0050  63]|DWPF MELTER Borescope Quter Housing 26A (QOverall)
Mar-95 |WSRC-FM- 95-0050  64]|DWPF MELTER Borescope Quter Housing

Mar-95 | WSRC-FM- 95-0050  65|DWPF MELTER Borescope Quter Housing
Apr-95|WSRC-FM- 95-0049 1|DWPF Facility

Apr-95|WSRC-FM- 95-0049 2IDWPF Primary Off Gas Film Cooler

Apr-95| WSRC-FM- 95-0049 3|DWPFE Primary Off Gas Film Cooler

Apr-95|WSRC-FM- 95-0049 4|DWPF Primary Off Gas Film Cooler

Apr-95|WSRC-FM- 95-0049 5|DWPF Primary Off Gas Film Cooler

Apr-95| WSRC-FM- 95-0049 6| DWPF Primary Off Gas Film Cooler

Apr-95{WSRC-FM- 95-0049 7

Apr-95|WSRC-FM- 95-0049 8| DWPF Primary Off Gas Film Cooler Brush

Apr-95| WSRC-FM-_95-0049 9|DWPF Qutside of Building

Apr-95WSRC-FM- 95-0049 10|DWPF Primary Off Gas Line

Apr-95|WSRC-FM- 95-0049 11|DWPF Primary Off Gas Film Cooler

Apr-95|WSRC-FM- 93-0049 12]DWPF Primary Off Gas Film Cooler

Apr-95|WSRC-FM- 95-0049 13| DWPF Primary Off Gas Film Cooler

Apr-95[WSRC-FM- 95-0049 14|DWPF Primary Off Gas Film Cooler

Apr-95|WSRC-FM- 95-0049  15|DWPF Primary Off Gas Line

Apr-95|WSRC-FM- 95-0049 16|DWPF Primary Off Gas System

Apr-95|WSRC-FM- 95-004% 17| DWPF Primary Off Gas Film Cooler Brush
Apr-95|WSRC-FM-_95-0049 18| DWPF Primary Off Gas Fiim Cooler Brush
Apr-95|WSRC-FM- 95-0049 19{Unknown

Apr-95|WSRC-FM- 95-0049 20 DWPF Primary Off Gas Fiim Cooler Brush
Apr-95|WSRC-FM- 95-0040  21|DWPF Primary Off Gas Film Cooler Brush
Apr-95|WSRC-FM- 95-0049 22 DWPF Primary Off Gas Film Cooler Brush
Apr-95{WSRC-FM- 95-0049 23 DWPF Primary Film Cooler Brush

Apr-95|WSRC-FM- 95-0049 24 DWPF Primary Film Cooler Brush

Apr-95| WSRC-FM- 95-0049 25 DWPF Primary Film Cooler Brush

Apr-95|WSRC-FM- 95-0049 26 DWPF Primary Film Cooler Brush

Apr-95|WSRC-FM- 95-0049 27 DWPF Primary Film Cooler Brush

Apr-95|WSRC-FM- 95-0049 28] DWPF Primary Film Cooler Brush

Apr-95|WSRC-FM- 95-0049 _ 29 DWPF Level Probe (Dip Tube Bubbler)
Apr-95{WSRC-FM- 95-0049 30| DWPE Primary Off Gas Line, Film Cooler Brush Side
Apr-95|WSRC-FM- 95-004% 31 DWPE Primary Off Gas Line, Pits just above 90 degree elbow
Apr-95|WSRC-FM- 95-0049 _ 32 DWPF Primary Off Gas Line

Apr-95|WSRC-FM- 95-0049 33 DWPF Primary Off Gas Line Film Cooler Brush End
Apr-95|WSRC-FM- 95-0049 34| DWPF Primary Off Gas Line

Apr-95|WSRC-FM- 95-0049 35| DWPE Primary Off Gas Line, Exit just past CW7M Isolation Valve
Apr-95| WSRC-FM- 95-0049 36| DWPFE Primary Off Gas Line, Exit just past isolation valve
Apr-95{WSRC-FM- 95-0049 37 DWPF Primary Off Gas Line, Exit just past CW7M Isolation Valve
Apr-95|WSRC-FM- 95-0049 _ 38|DWPF Primary Off Gas Line, Qutlet just past CW7M Isolation Valve
Apr-95| WSRC-FM- 95-0049 39| DWPF Primary Off Gas Line, Outlet just past CW7M Isolation Valve

Apr-935

WSRC-FM-_95-0049

40

DWPE Primary Off Gas Line CW7M Isolation Valve
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Apr-95|WSRC-FM- 95-0049  41|DWPF Primary Off Gas Line, Deposits at inlet, taken through Film Cooler Flange
Apr-95|WSRC-FM- 95-0049 42|DWPF Primary Off Gas Line, Deposits at inlet, taken through Film Cooler Flange
Apr-95|WSRC-FM- 95-0049  43|DWPF Primary Off Gas Film Cooler
Apr-95{WSRC-FM- 95-004% 44| DWPF Primary Off Gas Film Cooler
Apr-95|WSRC-FM- 95-0049  45]DWPF Primary Off Gas Line, Film Cooler Brush Flange
Apr-95|WSRC-FM- 95-0049  46|DWPF Primary Off Gas Line, From Film Cooler Brush Entrance
Apr-95|WSRC-FM- 95-0049  47|DWPF Primary Off Gas Line, taken through Film Cooler Brush Flange
Apr-95|WSRC-FM- 95-0049  4B|DWPF Primary Off Gas Film Cooler
Apr-95|WSRC-FM- 95-0049  49|DWPF Primary Off Gas Film Cooler
Apr-95{ WSRC-FM- 95-004%  50{DWPF Primary Off Gas Film Cooler
Apr-95|WSRC-FM- 95-0049 51 |DWPF Isolation Valve Backup Off Gas Line
Apr-95|WSRC-FM- 95-0049  S2[DWPF Melter
Apr-95[WSRC-FM- 95-0049  53|DWPF Primary Off Gas Line
Apr-95)WSRC-FM- 95-0049  54}DWPF Backup Off Gas Line (Film Cooler Brush Flange)
Apr-95|WSRC-FM- 95-0049  55|DWPF Backup Off Gas Line (Film Cooler Brush Flange)
Apr-95|WSRC-FM- 95-0049  56|DWPF Backup Film Cooler (Film Cooler Brush Flange)
Apr-95|WSRC-FM- 95-0049  57[DWPF Backup Off Gas Line (Film Cooler Brush Flange)
Apr-95'WSRC-FM- 95-0049 58| DWPF Backup Off Gas Line
Apr-95|WSRC-FM- 95-0049 59| DWPF Melter
Apr-95|WSRC-FM- 95-0049 60l DWPF Backup Film Cooler Brush
Apr-95|WSRC-FM- 95-0049  61|DWPF Backup Film Cooler Brush
Apr-95|WSRC-FM- 95-0049  62|DWPF Backup Film Cooler Brush
Apr-95|WSRC-FM- 95-004%¢ 63| DWPF Primary Off Gas Line
Apr-95|WSRC-FM- 95-0049 64| DWPF Backup Film Cooler
Apr-95|WSRC-FM- 95-0049  65|DWPF Backup Film Cooler
Apr-95|WSRC-FM- 95-0049  66]DWPF Backup Film Cooler
Apr-95[WSRC-FM- 95-0049  67|DWPF Backup Film Cooler
Apr-95|WSRC-FM- 95-0049  68|DWPF Backup Film Cooler
Apr-95{WSRC-FM- 95-0049  69|DWPF Backup Film Cooler
Apr-95IWSRC-FM- 95-0049  70|DWPF Isolation Valve Backup Off Gas Line
Apr-95iWSRC-FM- 95-0049  71{DWPF Backup Off Gas Line Isolation Valve
Apr-95{WSRC-FM- 95-0049 72| DWPF Backup Off Gas Line Exit Just past isolation valve
Apr-95[WSRC-FM- 95-0049  73[DWPF Backup Off Gas Line Exit Just Below Isolation Valve
Apr-95[WSRC-FM- 95-004% 74 DWPF Backup Off Gas Line
Apr-95|WSRC-FM- 95-0049 75, DWPF Backup Film Cooler
Apr-95|WSRC-FM- 95-0049  76]DWPE Melter Feed Tube A
Apr-95|WSRC-FM- 95-0049 __ 77|DWPF Melter Feed Tube A
Apr-95|WSRC-FM- 95-0040  78|DWPF Melter Feed Tube A
Apr-95|WSRC-FM- 95-0049 _ 79]DWPF Melter Feed Tube A
Apr-95|WSRC-FM- 95-0049  80]DWPF Melter Feed Tube B
Apr-95{WSRC-FM- 95-0049  81|DWPF Melter Feed Tube B
Apr-95|WSRC-FM- 95-0049  82|DWPF Melter Feed Tube B
Apr-95|WSRC-FM- 95-0049  83|DWPF Melter Feed Tube B
Apr-95|WSRC-FM- 95-0049  84|Unknown
Apr-95{WSRC-FM- 95-0049 _ 85|DWPF Melter Side Thermowell
Apr-95|WSRC-FM- 95-0049  86|DWPF Melter Side Thermowell
Apr-95|WSRC-FM- 95-0049  87|DWPF Melter Side Thermowell
Apr-95| WSRC-FM- 95-0049 88| DWPF Melter Side Thermowell
Apr-95|WSRC-FM- 95-0049  89I|DWPF Meiter Thermowell (Center)

Apr-95|WSRC-FM- 95-0049  90/DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049  91|DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049  92|DWPF Level Probe (Dip Tube Bubbler)
Apt-95|WSRC-FM- 95-0049__ 93|DWPF Level Probe (Dip Tube Bubbler)
Apr-95|WSRC-FM- 95-0049 94| DWPF Levet Probe (Dip Tube Bubbler}
Apr-95|WSRC-FM- 95-0049__ 95|DWPF Level Probe (Dip Tube Bubbler)
Apr-95|WSRC-FM- 95-0049  96|Unknown

Apr-95| WSRC-FM- 95-0049 _ 97|DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049 98| DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049  99|DWPF Melter Thermowell (Center)
Apr-95| WSRC-FM- 95-0049  100|DWPF Melter Thermowell (Center)
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. Apr-95|WSRC-FM- 95-0049  101|DWPF Melter Thermowell {Center)
Apr-95|WSRC-FM- 95-0049 102{DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049  103|DWPF Melter Thermowell (Center)
Apr-95)WSRC-FM- 95-0049 104/ DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049  105|DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049  106|DWPF Melter Thermowell (Center)
Apr-95|WSRC-FM- 95-0049 1071Unknown
Apr-95|WSRC-FM- 95-0049 108|DWPF Primary Quencher
Apr-95|WSRC-FM- 95-0049  109|DWPF Primary Quencher
Apr-95{WSRC-FM- 95-004% 110|DWPF Primary Quencher
Apr-95|WSRC-FM- 95-004%  111|DWPF Primary Quencher
Apr-95|WSRC-FM- 95-0049 112|DWPF Primary (Juencher
Apr-95| WSRC-FM- 95-0049  113|DWPF Vapor Space Thermowell
Apr-95| WSRC-FM- 95-0049  114|DWPF Vapor Space Thermowell
Apr-95|WSRC-FM- 95-0049  115/DWPF Vapor Space Thermowell
Apr-95|WSRC-FM- 95-0049  116/DWPF Vapor Space Thermowell
Apr-95]WSRC-FM- 95-0049  117|DWPF Melter Backup MOG Line
Apr-95|WSRC-FM- 95-0049 118|DWPF
Sep-95{ WSRC-FM- 95-0048 1 |DWPF Melter Diagram
Sep-95|WSRC-FM- 95-0048 2|DWPF SRAT Sample Pump Impeller
Sep-95|WSRC-FM- 95-0048 3|DWPF SRAT Sample Pump Impeiler
Sep-95|WSRC-FM- 95-0048 4iDWPF SRAT Sample Pump Impeller’
Sep-95|WSRC-FM- 95-0048 5|DWPF SRAT Sample Pump Impeller
Sep-95]| WSRC-FM- 95-0048 6|DWPF SME Agitator Upper Blade B
Sep-95|WSRC-FM- 95-0048 7|DWPE SME Agitator Upper Bilade B
Sep-95IWSRC-FM- 95-0048 2| DWPF SME Acgitator Front of Beveled Lower blade D
. Sep-95]WSRC-FM- 95-0048 9]|DWPF SME Acgitator Overall
Sep-95| WSRC-FM- 95-0048 10|DWPF SME Agitator Back of Lower Blade C (Not Beveled)
Sep-95| WSRC-FM- 95-0048 11|DWPF SME Agitator Back of Lower Blade B (Not Beveled)
Sep-95| WSRC-FM- 95-0048 12|DWPF SRAT Agitator Lower Blades
Sep-95| WSRC-FM- 95-0048 13|DWPE SRAT Agitator Overali Lower and Upper Blades
Sep-95| WSRC-FM- 95-0048 14|DWPF SRAT Agitator Front Of Lower Beveled blade
Sep-95|WSRC-FM- 95-0048 15|DWPF SRAT Agitator Back Of Lower blade
Sep-95| WSRC-FM- 95-0048 16|DWPF SRAT Agitator Qverall Of Upper Blades
Sep-95|WSRC-FM- 95-0048 17|DWPF SRAT Sample Pump Corrosion Coupons
Sep-95| WSRC-FM- 95-0048 18| DWPF SRAT Sample Pump Corrosion Coupons
Sep-95| WSRC-FM- 95-0048 19|DWPF SRAT Agitator
Sep-95|WSRC-FM- 95-0048  20|DWPF SRAT Agitator Back Side Of Lower Blade
Sep-95|WSRC-FM- 95-0048 __21|DWPE SRAT Agitator Back Side Of Lower Blade
Sep-95|WSRC-FM- 95-0048  22|DWPFE SRAT Sample Pump Corrosion Coupons
Sep-95|WSRC-FM- 95-0048  23|DWPF SRAT Sample Pump Corrosion Coupons
Sep-95|WSRC-FM- 95-0048 24|DWPF SME Acgitator Upper Side Of Upper Hydrofoil Blade C
Sep-95| WSRC-FM-_95-0048 25|[DWPF SME Agitator Upper Side Of Upper Hydrofoil Blade C
Sep-95| WSRC-FM- 95-0048 26/ DWPF SME Agitator Upper Side Of Upper Hydrofoil Blade B
Sep-95|WSRC-FM- 95-0048  27|DWPFE SME Agitator Upper Side Of Upper Hydrofoil Blade B
Sep-95| WSRC-FM- 95-0048 28| DWPF SME Agitator Upper Side Qf Uppet Hydrofoil Blade A
Sep-95|WSRC-FM- 95-0048  29|DWPF SME Agitator Upper Side Of Upper Hydrofoil Blade A
Sep-95[WSRC-FM- 95-0048 30| DWPF SME Agitator Bottom Side Of Upper Hydrofoil Blade C
Sep-95|WSRC-FM- 95-0048  31|DWPF SME Agitator Bottom Side Of Upper Hydrofoil Biade A
Sep-95| WSRC-FM- 95-0048 32|DWPF SME Agitator Upper Blade Leading Edge
Sep-95|WSRC-FM-_95-0048 33|DWPE SME Agitator Upper Blade Leading Edge
Sep-95|WSRC-FM- 95-0048 34| DWPF SME Agitator Back Side Of lower Blade D
Sep-95|WSRC-FM- 95-0048 35\DWPF SME Agitator D Picture of Lower Edge Using Mirror
. Sep-95|WSRC-FM- 95-0048 36|DWPF SME Agitator D Picture of Lower Edge Using Mirror
25-Aug| WSRC-FM- 95-0047 1[IDMS Melter looking up melter where drain valve would be instaited
25-Aug|WSRC-FM- 95-0047 _ 2]IDMS Melter looking up melter where drain valve would be installed
25-Aug| WSRC-FM- 95-0047 3|IDMS Melter looking up melter where drain valve would be installed
25-Aug|WSRC-FM- 95-0047 4]IDMS Melter Lid Heaters after Bead Blasting
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25-Aug| WSRC-FM- 95-0047 5{IDMS Melter Upper and Lower Electrodes after Bead Blasting
25-Aug| WSRC-FM- 95-0047 6/IDMS Melter Lid Heaters after Bead Blasting
25-Aug|WSRC-FM- 95-0047 7|IDMS Melter Upper and Lower Electrodes after Bead Blasting
25-Aug| WSRC-FM- 95-0047 8| IDMS Melter Drain Valve
25-Aug|WSRC-FM- 95-0047 9{IDMS Melter Drain Valve
25-Aug| WSRC-FM- 95-0047 10]IDMS Melter Drain Valve
25-Aug| WSRC-FM- 95-0047 11{IDMS Melter Drain Valve
25-Aug| WSRC-FM- 95-0047 12| IDMS Melter Drain Valve
25-Aug| WSRC-FM- 95-0047 13| IDMS Melter Lid Heaters after cleaning
Oct-95| WSRC-FM- 95-0045 1IDWPF Region Above Bellows
Oct-95| WSRC-FM- 95-0045 2{DWPF Region Above Bellows
Oct-95| WSRC-FM-_95-0045 3]DWPF Region Above Bellows
Oct-95| WSRC-FM- 95-0045 4]DWPF Region Above Bellows
Oct-95| WSRC-FM- 95-0045 5|{DWPF Region Above Bellows
Qct-95|WSRC-FM- 95-0045 6|DWPF Region Above Bellows
Qct-95|WSRC-FM- 95-0045 7|DWPFE Region Above Bellows
Oct-95|WSRC-FM- 95-0045 8| DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 9|DWPF Region Above Bellows
Qct-95|WSRC-FM- 95-0045 10|DWPF Region Above Bellows
Oct-95]WSRC-FM- 95-0045 11|DWPF Region Above Bellows
Qct-95|WSRC-FM- 95-0045 {2|DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 13|DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 14| Unknown
Oct-95|WSRC-FM- §5-0045 15|Unknown
Oct-95|WSRC-FM- 95-0045 16| Unknown
Oct-95) WSRC-FM- 95-0045 17{Unknown
Oct-95| WSRC-FM- 95-0045 18] Unknown
Qct-95|WSRC-FM- 95-0045 19]DWPF Region Above Bellows
Qct-95|WSRC-FM- 95-0045 20| DWPF Region Above Bellows
Oct-95[WSRC-FM- 95-0045 21 |DWPF Region Above Bellows
Qct-95[WSRC-FM- 95-0045 22|DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 23| DWPF Region Above Bellows
Oct-95[WSRC-FM- 95-0045 24| DWPF Region Above Bellows
Oct-95| WSRC-FM- 95-0045 25|DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 26| DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 27IDWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045  28JDWPF Region Above Bellows
Oct-95| WSRC-FM- 95-0045  29|DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 30JDWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 31|DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 32|DWPF Region Above Bellows
Qct-95|WSRC-FM- 95-0045  33|DWPF Region Above Bellows
Qct-95|WSRC-FM- 95-0045  34|DWPF Region Above Bellows
Qct-95| WSRC-FM- 95-0045 35|DWPF Region Above Bellows
Oct-95| WSRC-FM- 95-0045 36|DWPF Region Above Bellows
Oct-95| WSRC-FM- 95-0045 37|DWPF Region Above Bellows
Oct-95|WSRC-FM- 95-0045 38| DWPF Region Above Bellows
Qct-95| WSRC-FM- 95-0045 39|DWPF Region Above Bellows
Nov-95|WSRC-FM- 95-0046 1 |DWPF Off Gas Line (Film Cooler Brush Flange)
Nov-95|WSRC-FM- 95-0046 2{DWPF Off Gas Line (Below Film Cooler Brush Flange)
Nov-95]WSRC-FM- 95-0046 3| DWPF Off Gas Line (Below Film Cooler Brush Flange)
Nov-95|WSRC-FM- 95-0046 4| DWPF Primary Quencher Inlet (Before Cleaning)
Nov-95|WSRC-FM- 95-0046 5| DWPF Primary Quencher Inlet {(Before Cleaning}
Nov-95|WSRC-FM- 95-0046 6| DWPF Primary Quencher Nozzle
Nov-95|WSRC-FM- 95-0046 7|DWPF Primary Quencher Nozzle
Nov-95|WSRC-FM- 95-0046 8| DWPF
Nov-95|WSRC-FM- 95-0046 9|DWPF Primary Quencher Inlet Weld
Nov-95|WSRC-FM- 95-0046 10|]DWPF Primary Quencher Outlet
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Nov-95|WSRC-FM- 95-0046 11{DWPF Primary Quencher Qutlet
Nov-95|WSRC-FM- 95-0046  12[DWPF

Nov-95|WSRC-FM- 95-0046 13|DWPF SRAT Feed QOrifice Plate Jumper ASX (12.ITP) 3
Nov-95|WSRC-FM- 95-0046  14|DWPF SRAT Feed Orifice Plate Jumper ASX (12.1TP) 3
Nov-95|WSRC-FM- 95-0046 15{Unknown

Nov-95|WSRC-FM- 95-0046 16{DWPF Primary Quencher Inlet Weld
Nov-95|WSRC-FM- 95-0046 17| DWPF Primary Quencher Qutlet, Salt Deposits
Nov-95|WSRC-FM- 95-0046_ 18|DWPF Primary Quencher Inlet
Nov-95]|WSRC-FM- 95-0046 19{DWPF Primary Quencher Inlet
Nov-95|WSRC-FM- 95-0046 20{DWPF Primary Quencher outlet, Salt Deposits
Nov-95|WSRC-FM- 95-0046  21|DWPF Primary Quencher Inlet (Before Cleaning)
Nov-95|WSRC-FM- 95-0046  22|DWPF Primary Quencher Inlet (Before Cleaning)
Sep-95|WSRC-FM- 95-0006 1|DWPF SME Sample Pump

Sep-95|WSRC-FM- §5-0006 2|DWPF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 3|DWPF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 4|DWPF SME Sample Pump

Sep-95{WSRC-FM- 95-0006 5|DWPF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 6|DWPF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 7|DWPF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 RIDWPEF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 9{DWPF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 10|DWPF SME Agitator A .
Sep-95|WSRC-FM- 95-0006  11|DWPF SME Agitator B

Sep-95|WSRC-FM- 95-0006 12| Unknown

Sep-95|WSRC-FM- 95-0006 13|DWPF SME Agitator A

Sep-95{WSRC-FM- 95-0006  14|DWPF SME Agitator D

Sep-95IWSRC-FM- 95-0006 15|DWPE SME Agitator A

Sep-95{WSRC-FM- 95-0006 16]DWPF SME Agitator A

Sep-95|WSRC-FM- 95-0006 17|DWPF SME Agitator D

Sep-95|WSRC-FM- 95-0006 18| DWPF SME Agitator

Sep-95|WSRC-FM- 95-0006  19{DWPF SME Agitator B

Sep-95|WSRC-FM- 95-0006  20|DWPF SME Agitator D

Sep-95|WSRC-FM- 95-0006  21|DWPF SME Agitator C

Sep-95|WSRC-FM- 95-0006  22|DWPF SME Agitator B

Sep-95| WSRC-FM- 95-0006 23| DWPF SME Agitator C

Sep-95|WSRC-FM- 95-0006  24|DWPFE SME Agitator A

Sep-95| WSRC-FM- 95-0006__ 25|DWPF SME Agitator D

Sep-95|WSRC-FM- 95-0006  26]DWPF SME Agitator D

Sep-95{WSRC-FM- 95-0006  27|DWPF SRAT Sample Pump

Sep-95|WSRC-FM- 95-0006___ 28|DWPF SRAT Sample Pump

Sep-95|WSRC-FM- 95-0006  29|DWPFE SRAT Sample Pump

Sep-95|WSRC-FM- 95-0006 _ 30|DWPF SRAT Sample Pump

Sep-95|WSRC-FM- 95-0006  31|Unknown

Sep-95|WSRC-FM- 95-0006 __ 32{DWPF SME Sample Pump

Sep-95|WSRC-FM- 95-0006 33| DWPF SME Sample Pump

Sep-95| WSRC-FM- 95-0006  34|DWPF SME Sample Pump

Sep-95/WSRC-FM- 95-0006 __ 35|DWPF SME Sample Pump

Nov-95{WSRC-FM- 95-0063 1]Lower agitator blade front face
Nov-95|WSRC-FM- 95-0063 2|Lower agitator blade back face of blade with large stellite mound for balancing
Nov-95|WSRC-FM- 95-0063 3|Lower agitator blade back face
Nov-95|WSRC-FM- 95-0063 4|Lower agitator blade front and back faces
Nov-95|WSRC-FM- 95-0063 5|Lower agitator blade front and back faces (blurry)
Nov-95|WSRC-FM- 95-0063 6|Lower agitator blade back face (blurry)
Nov-95]WSRC-FM- 95-0063 7|Lower agitator blade front and back faces
Nov-95|WSRC-FM- 95-0063 8|Lower agitator blade front face (close up, not good})
Nov-95|WSRC-FM- 95-0063 9|Lower agitator blade front face (blurmry) (close up, not good}
Nov-95{WSRC-FM- 95-0063 10| Lower agitator blade front face
Nov-95|WSRC-FM- 95-0063  11{Hub assembly




DWPF & IDMS Negative Numbers

Page 10 of 15

[ _Date Negative Number Description (specific)
Nov-95|WSRC-FM- 95-0063 12{Lower agitator blade back face
Oct-94|WSRC-FM- 95-0063 1|Bad picture
Qct-94|WSRC-FM- 95-0063 2iTop upper blade 3
Qct-94| WSRC-FM- 95-0063 3| Top upper blade
Oct-94| WSRC-FM- 95-0063 4| Top upper blade
Oct-24tWSRC-FM- 95-0063 5|Top upper blade
Qct-94|WSRC-FM- §5-0063 6{Top upper blade
Oct-94| WSRC-FM- 95-0063 7| Top upper blade
Oct-94| WSRC-FM- 95-0063 2] Top upper blade
QOct-94| WSRC-FM- 95-0063 9{Top upper blade
Qct-94!WSRC-FM- 95-0063 10{Top upper blade
Oct-94|WSRC-FM- 95-0063 11} Top upper blade
Oct-94| WSRC-FM- 95-0063 12|Entire agitator
Oct-94tWSRC-FM- 95-0063 13|Entire agitator
Qct-94|WSRC-FM- 95-0063  14)Top upper blade |
Oct-94|WSRC-FM- 95-0063 15| Top upper blade 1
Qct-94|WSRC-FM- 95-0063 16| Top upper blade 1
Qct-94|WSRC-FM- 95-0063 17| Top upper blade 2
Qct-94| WSRC-FM- 95-0063 18} Top upper blade 2
Qct-94|WSRC-FM- 95-0063 19{Top upper blade 2
Oct-94|WSRC-FM- 95-0063  20{Top upper blade 2
Oct-94|WSRC-FM- 95-0063 21| Top upper blade 3 )
Qct-94|WSRC-FM- 95-0063 22 Top upper blade 3
Oct-94| WSRC-FM- 95-0063  23|Top upper blade 3
Oct-94| WSRC-FM- 95-0063  24|Upper and lower blades looking down
Oct-94|WSRC-FM- 95-0063  25|Upper and lower blades looking down
Oct-94| WSRC-FM- 95-0063 26| Upper and lower blades looking down
Oct-94|WSRC-FM- 95-0063  27|Upper and lower blades looking down
Oct-94| WSRC-FM- 95-0063  28{Upper and lower blades looking down
Oct-94)WSRC-FM- 95-0063  29/Upper and lower blades looking down
Oct-94| WSRC-FM- 95-0063 30|Upper and lower blades looking down
Qct-94| WSRC-FM- 95-0063 31{Upper and lower blades looking down
Oct-94WSRC-FM- 95-0063 _ 32|Entire agitator
Qct-94| WSRC-FM- 95-0063 33|Entire agitator
Oct-94|WSRC-FM- 95-0063  34|Entire agitator
Oct-94] WSRC-FM- 95-0063 35| Entire agitator
Oct-94|WSRC-FM- 95-0063  36]Back of lower blade at tab
Qct-94| WSRC-FM- 95-0063 37|Back of lower blade at tab
Oct-94|WSRC-FM- 95-0063  38|Back of lower blade at tab
Oct-94| WSRC-FM- 95-0063  39{Back of lower blade at tab
Oct-94[WSRC-FM- 95-0063  40[Back of lower blade #3 at tab
Oct-94|WSRC-FM- 95-0063  41|Back of lower blade #3 at tab
Oct-94|WSRC-FM- 95-0063  42|Back of lower blade #3 at tab
Oct-94lWSRC-FM- 95-0063  43]|Back of lower blade #3 at tab
Oct-94|WSRC-FM- 95-0063  44|Back of lower blade #4 at tab
Oct-94| WSRC-FM- 95-0063  45|Back of lower blade #4 at tab
Oct-94|WSRC-FM- 95-0063  46|Back of lower blade #4 at tab
Dec-95|WSRC-FM- 96-0072 1| IDMS Melt Pool Thermowell Prior to Sectioning in Met Lab (Overall)
Dec-95|WSRC-FM- 96-0072 21IDMS Melt Poo! Thermowell Prior to Sectioning in Met Lab (Overall)
Dec-95|WSRC-FM- 96-0072 3[IDMS Melt Pool Thermowel} Prior to Sectioning in Met Lab (Overall)
Dec-95|WSRC-FM- 96-0072 4[1IDMS Feed Tube Sectioned Pieces (top and core end piece)
Dec-95|WSRC-FM- 96-0072 5{IDMS Feed Tube Sectioned Pieces (top and core end piece)
Dec-95|WSRC-FM- 96-0072 6|IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)
Dec-95|WSRC-FM- 96-0072 7IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)
Dec-95|WSRC-FM- 96-0072 &[IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)
Dec-95|WSRC-FM- 96-0072  9{IDMS Feed Tube Sectioned (close up of top around large pit}
Dec-95|WSRC-FM- 9$6-0072  10|Bad Picture




DWPF & IDMS Negative Numbers Page 11 of 15

Date Negative Number Description (specific}

Dec-95|WSRC-FM- 96-0072 11|IDMS Melt Pool Thermowell After Sectioning in Met Lab (Qverall)

Dec-95|WSRC-FM- 96-0072 12[IDMS Melt Pool Thermowell After Sectioning in Met Lab {(Overail)

Dec-95|WSRC-FM- 96-0072 13{IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)

Dec-95| WSRC-FM- 96-0072 14{IDMS Feed Tube (top portion with outer housing removed)

Dec-95tWSRC-FM- 96-0072 15{IDMS Feed Tube (top portion with large pit and core end piece)

Dec-95|WSRC-FM- 96-0072 16]IDMS Feed Tube (top pottion with large pit and core end piece)

Dec-95|WSRC-FM- 96-0072 17|IDMS Feed Tube (top portion with large pit and core end piece)

Dec-95|WSRC-FM- 96-0072  18]IDMS Feed Tube (top porticn with large pit and core end piece)

Dec-95|WSRC-FM- 96-0072 19{IDMS Feed Tube (top portion with large pit and core end piece)

Dec-95|WSRC-FM- 96-0072  20{IDMS Feed Tube (top portion with large pit and core end piece)

Dec-95|WSRC-FM- 96-0072  21{IDMS Feed Tube (top portion with large pit and core end piece)

Dec-95{WSRC-FM- 96-0072  22]IDMS Feed Tube (top portion with large pit and core end piece)

Dec-95|WSRC-FM- 96-0072  23|IDMS Feed Tube (top portion with large pit and core end piece}

Dec-95|WSRC-FM- 96-0072  24]IDMS Melt Pool Thermoweli After Sectioning in Met Lab (Overall)

Dec-95|WSRC-FM- 96-0072  25|IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)

Dec-95|WSRC-FM- 96-0072  26{IDMS Melt Pool Thermowell After Sectioning in Met Lab {(Overall)

Dec-95|WSRC-FM- 96-0072  27{IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)

Dec-95|WSRC-FM- 96-0072  28]|IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)

Dec-95|WSRC-FM- 96-0072  29|IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall}

Dec-95|WSRC-FM- 96-0072  30|IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)

Dec-95|WSRC-FM- 96-0072  31]|IDMS Melt Pool Thermowell After Sectioning in Met Lab (Overall)

Nov-95|WSRC-FM- 96-0071 DWPF MFT Replacement Agitator Lower Blades with Stellite

Nov-95|WSRC-FM- 96-0071 DWPF MFT Replacement Agitator Lower Blades with Stellite

Nov-95[WSRC-FM- 66-0071 DWPF MFT Replacement Agitator Lower Blades with Stellite

Nov-95|WSRC-FM- 96-0071 DWPF MFT Replacement Agitator Back of Lower Blade with Weight

Nov-95|WSRC-FM- 96-0071 DWPF MFT Replacement Agitator Back of Lower Blade with Weight

Nov-95|WSRC-FM- 96-0071 DWPF MFT Replacement Agitator Back of Lower Blade with Weight

Nov-95|WSRC-FM- 96-0071 DWPFE MFT Replacement Agitator Front of Lower Blade with Stellite

Nov-95{WSRC-FM- 96-0071 DWPF MFT Replacement Agitator Front of Lower Blade with Stellite

wloo]d | itn]| o e fr—

Nov-95|WSRC-FM- 96-0071 DWPF MFT Replacement Agitator (overall picture of lower blades)

=

Nov-951WSRC-FM- 96-0071 DWPF MFT Replacement Agitator (weld repair of shaft)

—
[y

Nov-95{WSRC-FM- 96-0071 DWPF MFT Replacement Agitator (weld repair of shaft)

Nov-95|WSRC-FM- 96-0071 12| Upper 700 Area Picture

Nov-95|WSRC-FM- 96-0071 13 Upper 700 Area Picture

Sep-94|WSRC-FM- 95-0064 1| DWPF SME Agitator (top blade #1)
Sep-94|WSRC-FM- 95-0064 2|DWPFE SME Agitator (top blade #2)
Sep-94IWSRC-FM- 95-0064 3|DWPFE SME Agitator {top biade #3)
Sep-94|WSRC-FM- 95-0064 4IDWPF SME A gitator {lower blade back side #1)
Sep-94| WSRC-FM- 95-0064 S|DWPF SME Acgitator (lower blade back side #1)
Sep-94|WSRC-FM- 95-0064 6| DWPF SME Agitator (lower blade back side #1)
Sep-94| WSRC-FM- 95-0064 7|DWPF SME Agitator (lower blade back side #4)
Sep-94| WSRC-FM- 95-0064 RIDWPF SME Agitator {lower blade back side #2)
Sep-94|WSRC-FM-_95-0064 91DWPF SME Agitator (front edge top blade #2)

Sep-94| WSRC-FM- 95-0064 10| Unknown

Sep-94| WSRC-FM- 95-0064 _ 11{Unknown

Sep-94|WSRC-FM-_95-0064 12IDWPF SME Acritator (lower side of the upper blade #1)
Sep-94|WSRC-FM- 95-0064 13|DWPF SME Agitator (lower side of the upper blade #2)
Sep-94| WSRC-FM- 95-0064 14|DWPE SME Agitator {lower blade back side #2) Should be marked #4
Sep-94|WSRC-FM- 95-0064 15|DWPF SME Agitator (lower blade back side #1)
Sep-94| WSRC-FM- 95-0064 16|DWPE SME Agitator {lower blade back side #4} Should be marked #2
Sep-94|WSRC-EM- 95-0064 __ 17|DWPF SME Agitator (lower blade back side #3)
Sep-94| WSRC-FM- 95-0064 _ 18|DWPF SME Agitator (lower blade back side #1)
Sep-94| WSRC-FM- 95-0064 19|DWPF SME Agitator (lower blade back side #2)
Sep-94| WSRC-FM- 95-0064 _ 20|DWPF SME Agitator (entire agitator)

Sep-94]WSRC-FM- 95-0064  21|Unknown

Sep-94| WSRC-FM- 95-0064 _ 22|DWPF SME Agitator (lower blade back side #2)

Sep-94| WSRC-FM- 95-0064  23|DWPF SME Agitator (lower blade back side #2)

Sep-94| WSRC-FM-_05-0064 24| DWPF SME Agitator (lower blade back side #4)

Sep-94| WSRC-FM- 95-0064  25|DWPF SME Agitator (lower blade back side #4)

Sen-94) WSRC-FM- 95-0064 26| DWPF SME Agitator (lower blade back side #4)
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Sep-94|WSRC-FM- 95-0064  27|Unknown
Sep-94|WSRC-FM- 95-0064 28| Unknown
Sep-94| WSRC-FM- 95-0064 201 Unknown
Sep-94[WSRC-FM- 95-0064 30|DWPF SME Agitator (Ilower blade front side #2)
Sep-94 WSRC-FM- 95-0064 31| DWPF SME Acgitator (lower blade back side #2) Should be marked #4
Sep-94|WSRC-FM- 95-0064  32|DWPF SME Agitator (lower blade back side #3)
Sep-94| WSRC-FM-_95-0064 33|DWPF SME Acgitator {lower blade back side #4) Should be marked #2
Sep-94| WSRC-FM-_95-0064 34| DWPF SME Acgitator (lower blade back side #3)
Sep-94]WSRC-FM- 95-0064  35|DWPF SME Agitator (entire agitator)
Sep-94|WSRC-FM- 95-0064 __ 36]|DWPFE SME Agitator (lower blade front side #1)
Sep-94|WSRC-FM- 95-0064 _ 37|DWPF SME Agitator (lower blade front side #1)
Sep-94lWSRC-FM- 95-0064 __ 38| DWPF SME Agitator {lower blade hack side #1)
Sep-94|WSRC-FM-_ 95-0064 39|DWPF SME Acgitator {lower blade back side #1)
Sep-94| WSRC-FM- 95-0{64  40|Unknown
Sep-04| WSRC-FM- 95-0064 _ 41|DWPFE MFT Agitator (front of lower blade number unknown}
Sep-94]| WSRC-FM- 95-0064___ 4Z|DWPF MFT Agitator (front of lower blade number unknown)
Sep-04| WSRC-FM- 95-0064 __ 43|DWPF MFT Agitator (back of lower blade number unknown)
Sep-94| WSRC-FM- 95-0064 44| DWPF MFT Agitator {back of lower blade number unknown}
Sep-94| WSRC-FM- 95-0064 __ 45|DWPF MFT Agitator (back of lower blade number unknown)
Sep-94| WSRC-FM- 95-0064 46| DWPF MFT Agitator (back of lower blade number unknown}
Sep-94l WSRC-FM- 95-0064 __ 47|DWPF MFT Agitator (outer edge of lower blade number unknown)
Sep-94|WSRC-FM- 95-0064 __ 48IDWPF MFT Agitator (top of upper blade number unknown)
Sep-04|WSRC-FM- 95-0064 __49|DWPF MFT Agitator (top of upper blade number un known)
Sep-94| WSRC-FM- 65-0064 50[DWPF MFT Agitator (bottom of upper blade number unknown)
Sep-94|WSRC-FM- 95-0064 _ 51|DWPF MFT Agitator (lower blades overall)
Sep-94] WSRC-EM- 95-0064 _52]DWPF MFT Agitator {entire agitator)
Sep-94| WSRC-FM- [95-0065 1|DWPE SME Agitator (top side of the upper blade #2)
Sep-94|WSRC-FM- |95-0065 2]|DWPF SME Agitator (top side of the upper blade #3)
Sep-94 [ WSRC-FM- [95-0065 3|DWPF SME Agitator (upper side of the upper blade #3)
Sep-94 [WSRC-FM- |95-0063 4IDWPF SME Agitator (lower blade back side #3)
Sep-24[WSRC-FM-{95-0065 5|DWPE SME Acgitator (lower blade back side #3)
Sen-94{ WSRC-FM- |95-0063 6|DWPF SME Agitator {lower blade back side #3)
Sep-94| WSRC-FM- [95-0065 TIDWPF SME Agitator (lower biade back side #3)
Sep-94|WSRC-FM- |95-0065 8|DWPFE SME Agitator (top side of the upper blade #2)
Sep-94IWSRC-FM- |95-0065 9[DWPF SME Acgitator (top side of the upper blade #2)
Sep-94|WSRC-FM- 195-0065 16]|DWPF SME Agitator (top side of the upper blade #1)
Sep-94| WSRC-FM- [95-0065 11/DWPE SME Agitator (top side of the upper blade #1)
Sep-94| WSRC-FM- |95-0065 12|DWPFE SME Acgitator (top side of the upper blade #3)
Sep-94YWSRC-FM- [95-0065 3IDWPF SME Agitator {top side of the upper blade #3)
Sep-94 | WSRC-FM- {95-0065 14|DWPF SME Agitator (top side of the upper blade #3)
Sep-94 [ WSRC-FM- [95-0065 15|DWPF SME Adgitator (top side of the upper blade #2)
Sep-94| WSRC-FM- |95-0065 16]DWPF SME Agitator (top side of the upper blade #1)
Sep-94| WSRC-FM- [95-0065_| 17|DWPF SME Agitator (top side of the upper biade #1).
Sep-94| WSRC-FM- [95-0065 18] DWPF SME Agitator (top side of the upper blade #1)
Sep-94] WSRC-FM- |95-0065 19| DWPE SME Acgitator (top side of the upper blade #1)
Sep-94| WSRC-FM-[95-0065 |_20IDWPFE SME Agitator (top side of the upper blade #1)
Sep-94]| WSRC-FM- [95-0065 | 21|DWPF SME Agitator (top side of the upper blade #1)
Sep-94|WSRC-EM- [95-0065 | 22|DWPF SME Agitator (entire _agitator blurry)
Sep 94| WSRC-FM-[95-0065_| 23|DWPF SME Agitator (entire agitator looking down)
Sep-94|WSRC-FM- [95-0065 | 24|DWPFE SME Agitator (entire agitator looking down)
Sep-94|WSRC-FM- [95-0065 | 25|DWPF SME Agitator (entire agitator looking down)
Sep-94| WSRC-FM-195-0065_| 26]DWPF SME Agitator (entire agitator looking down)
Sep-94lWSRC.FM-[95-0065 | 27|DWPE SME Agitator (lower blades)
Sep-94| WSRC-FM-195-0065 | 28|CDMC equipment support
Sep-94] WSRC-FM- [95-0065 | 29|DWPE SME Agitator (lower blades)
Sep-94]| WSRC-FM- [95-0065_| 30|DWPF SME Agitator (lower b ade back side #2
Sep-94| WSRC-FM- 195-0065 31|DWPF SME Agitator (lower blade back side #2)
Sep-94] WSRC-FM-[95-0065 | 32|DWPFE SME Agitator (lower blade back side #2}
Sep-94| WSRC-FM-[95-0065_| 33I1DWPE SME Agitator (lower blade back side #1)
Sep 04| WSRC-FM- 195-0065_| 34|DWPF SME Agitator (lower blade back side #1)
Sep-94| WSRC-FM- [95-0065 | 35|DWPE SME Agitator (lower b ade back side #1)
Sep-94| WSRC-FM- 195-0065 | 36]|DWPF SME Agitator (lower blade back side #1)
Sep-94]| WSRC-FM- [95-0065 37|DWPF SME Agitator {lower blade back side #4)
Sep-94| WSRC-FM-[95-0065 | 38|DWPF SME Agitator (lower blade back side #4)
Sep-04| WSRC-FM-195-0065_| 39|DWPF SME Agitator (lower blade back side #4)
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Sep-94| WSRC-FM.- [95-0065 A40|DWPFE SME Agitator (lower blade back side #4)
Sep-94| WSRC-FM.- |95-0065 411DWPF SME Agitator (lower blade back side #3)
Sep-94| WSRC-FM- [95-0065 | 42|DWPE MFT Agitator (entire agitator)

Sep-94] WSRC-FM- [95-0065 | 43[|DWPF MFT Agitator {entire agitator)

Sep-94|WSRC-FM- 195-0065 | 44|DWPE MFT Agitator (upper blades overall}

Sep-94|WSRC-FM- |95-0065 | 45/DWPF MFT Agitator (lower blades overall)

Sep-94| WSRC-FM-|95-0065 | 461 DWPFEF MFT Agitator (upper blade #1)

Sep-94|WSRC-FM-195-0065 | 47| DWPFEF MFT Agitator (upper blade #2)

Sep-94WSRC-FM-95-0065 | 48 DWPE MFT Agitator (upper blade #3)

Sep-94|WSRC-FM- {95-0065 | 43|DWPF SME Acgitator (lower blade back side #1)

Sep-94|WSRC-FM-[95-0065 | 50|DWPF SME Acitator {lower blade back side #4)

Sep-04|WSRC-FM-[95-0065 | 51|DWPF SME Agitator {lower blade back side #3)

Sep-94|WSRC-FM- 195-0065 | 52|DWPF SME Agitator (lower biade back side #2)

Sep-94| WSRC-FM-195-0065 | 53|DWPF SME Agitator (lower blade back side #2)

Feb-96|WSRC-FM- |96-294 1{End after 2 months of exposure in DWPF melter

Feb-96|WSRC-FM- |96-294 2|End after 2 months of exposure in DWPF melter

Feb-96|WSRC-FM-|96-294 3|End after 2 months of exposure in DWPF melter

Feb-96| WSRC-FM-|96-294 4

Feb-96]| WSRC-FM- {96-294 51End after 2 months of exposure in DWPF melter

Feb-06| WSRC-FM- [96-204 6] Onfice after 2 months of exposure in DWPF melter

Feb-96| WSRC-FM- |96-294 7| Orifice after 2 months of exposure in DWPF melter

Feb-96| WSRC-FM- |96-294 8| Orifice after 2 months of exposure in DWPF melter

Feb-96| WSRC-FM- [96-294 9| Orifice after 2 months of exposure in DWPFEF melter

Feb-96|WSRC-FM-{96-294 10]Orifice after 2 months of exposure in DWPF melter
Feb-96|WSRC-FM- |96-294 11|End after 2 months of exposure in DWPF melter

Feb-96I WSRC-FM- |96-294 12|End in stand after 2 months of exposure in DWPF melter

Feb-96] WSRC-FM- |96-294 13| Entire borescope in holder

Feb-96|WSRC-FM-|96-294 14|Lower portion

Feb-96| WSRC-FM- 156-294 15| Lower portion

Feb-96|WSRC-FM-196-294 16jOverall

Feb-96| WSRC-FM- |96-294 17]0Overall

Feb-96| WSRC-FM-|96-294 18|Lower Portion

Feb-96] WSRC-IFM-[96-204 19\ Lower Portion

Feb-96|WSRC-FM-196-294 20|Middle Portion

Feb-96| WSRC-FM- |96-294 21|Overall

Feb-96] WSRC-FM- j96-294 22 Tip

Feb-96{WSRC-FM-196-294 23]Tip

Feb-96|WSRC-FM- |96-294 24|End after 2 months of exposure in DWPF melter
Feb-96| WSRC-FM- |96-294 25|End after 2 months of exposure in DWPF melter
Feb-96| WSRC-FM- 96-294 26{End after 2 months of exposure in DWPF melter
Mar-96|WSRC-FM |96-358 1|Shows location of the 2 metallurgical specimens
Mar-96{WSRC-FM [96-358 21Shows location of the 2 metallurgical specimens
Mar-96|WSRC-FM [96-358 3|Shows location of the 2 metallurgical specimens
Mar-96]WSRC-FM |96-358 4|Shows location of the 2 metallurgical specimens
Mar-96| WSRC-FM |96-358 5|Shows location of the 2 metallurgical specimens
Mar-96| WSRC-FM {96-358 6|Shows location of the 2 metallurgical specimens
Mar-96| WSRC-FM [96-358 7|Shows location of the 2 metallurgical specimens
Mar-96| WSRC-FM [96-358 81Shows location of the 2 metallurgical specitnens
Mar-96| WSRC-FM [96-358 9|End of Film Coocler

Mar-96|WSRC-FM [96-358 10|End of Fiim Cooler

Mar-96| WSRC-FM [96-358 1 1{End of Film Cooler

Mar-96| WSRC-FM |96-358 12|End of Film Cooler

Mar-96|WSRC-FM ]96-358 13|End of Film Cooler

Mar-96]WSRC-FM [96-358 14]Upper portion of thermowell including 690 retaining coliar
Mar-96| WSRC-FM |96-358 15|Portion of 690 collar with no attack

Mar-96| WSRC-FM |96-358 16| Portion of 690 collar with no attack

Mar-96/ WSRC-FM 196-358 17]Portion of 690 collar with significant attack
Mar-96| WSRC-FM |96-358 18| Portion of 690 collar with significant atiack
~Apr-96}WSRC-FM ]96-359 1|Feed tubes in wooden holders

Apr-96|WSRC-FM 96-359 2|Feed tubes in wooden holders

Apr-96| WSRC-FM {96-359 3|Feed tubes in wooden holders
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' Apr-96| WSRC-FM (96-359 4[Feed tubes in wooden holders
Apr-96|WSRC-FM [96-359 5|Feed tubes in wooden holders
Apr-96|WSRC-FM [96-359 61Side of feed tube in wooden holder
Apr-96| WSRC-FM [96-359 7[Side of feed tube in wooden holder (8 350-185-15-30-A) 26B
Apr-96| WSRC-FM {96-350 8|Side of feed tube in wooden holder (S 350-185-15-30-A) 26B
Apr-96|WSRC-FM [96-359 9(Side of feed tube in wooden holder (S 999350-15-30A) 25A
Apr-96| WSRC-FM |96-359 101Side of feed tube in wooden holder (S 999350-15-30A) 25A
Apr-96/WSRC-FM [96-359 11|End showing orifice (8§ 999-350-15-30-B)
Apr-96|WSRC-FM 196-359 12{Overall (S 999-350-15-30-B)
Apr-96|WSRC-FM |96-359 13|Bad
Apr-96|WSRC-FM |96-359 14iOverall (5 999-350-15-30-B)
Apr-96]WSRC-FM }96-359 15|End showing orifice (S 999-350-15-30-B)
Apr-96| WSRC-FM [96-359 16|End showing orifice (S 999-350-15-30-B)
Apr-96|WSRC-FM |96-359 17{Overall (§ 999-350-15-30-B)
Apr-96|WSRC-FM |96-359 18|Overall replacement (from melter 2} primary film cooler brush
Apr-96|WSRC-FM {96-359 19|Replacement (from melter 2} back up film cooler brush (ID on picture wrong)
Apr-96|WSRC-FM [96-359 20[Replacement (from melter 2) primary and back up brushes on trailer
Apr-96|WSRC-FM |96-359 21|Replacement (from melter 2) primary and back up brushes on trailer
Apr-96| WSRC-FM |96-358 22|Overall replacement (from melter 2) primary film cooler brush
Apr-96|WSRC-FM |96-359 23| Overall replacement (from melter 2) primary film cooler brush
Apr-96|WSRC-FM {96-359 24| Replacement (from melter 2) back up film cooler brush
Apr-96| WSRC-FM |96-359 25|Replacement (from melter 2) back up film cooler brush
Apr-96| WSRC-FM |96-359 26]|Overall (8 999-350-15-30-B) *
Apr-96\WSRC-FM |96-359 27|Overall (8 999-350-15-30-B)
Apr-96|WSRC-FM {96-359 28|End showing orifice (S 999-350-15-30-B)
Apr-96| WSRC-FM [96-3359 29|End showing orifice (§ 999-350-13-30-B)
Apr-96| WSRC-FM |96-359 30]|End showing orifice (S 999-350-15-30-B)
Apr-96| WSRC-FM |96-359 31|End showing orifice (S 999-350-15-30-B)
Apr-96tWSRC-FM ;96-359 32!End showing orifice (S 999-350-15-30-B)
Apr-96]WSRC-FM [96-359 33|End showing orifice (§ 999-350-15-30-B)
Apr-96|WSRC-FM |96-359 34|End showing orifice (S 999-350-15-30-B)
Apr-96| WSRC-FM }96-359 35]Side of borescope (S 999-350-15-30-B)
Apr-96|WSRC-FM [96-359 36| OQverall (S 999-350-15-30-B)
Apr-96|WSRC-FM [96-359 37|Overall (§ 999-350-15-30-B)
Jan-96{WSRC-FM 196-357 1{Upper Section and 690 collar where metallurgical specimens were cut (picture ID wrong)
Jan-96| WSRC-FM [96-357 2| Upper Section and 690 collar where metallurgical specimens were cut (picture ID wrong)
Jan-96]WSRC-FM |96-357 3| Upper Section and 690 collar where metallurgical specimens were cut (picture D wrong)
Jan-96|WSRC-FM |96-357 4| Upper Section and 690 collar where metallurgical specimens were cut (picture ID wrong}
Jan-96| WSRC-FM (96-357 5|Upper Section and 690 collar where metallurgical specimens were cut (picture ID wrong)
Jan-96|WSRC-FM [96-357 6|Upper Section and 690 collar where metallurgical specimens were cut (picture ID wrong)
Dec-95|WSRC-FM [96-357 7|PR upper agitator blade
Dec-95|WSRC-FM [96-357 8|PR upper agitator blade
Dec-95|WSRC-FM |96-357 OlPR Lower agitator blade showing mechanical damage on edge
Dec-95|WSRC-FM [96-357 10| PR Lower agitator blade showing mechanical damage on edge
Dec-95|WSRC-FM [96-357 11|PR Lower agitator blade showing mechanical damage on edge
Dec-95|WSRC-FM [96-357 12|PR thermocouple with gold 40 pin electrical connectors
Dec-95[|WSRC-FM [96-357 13[PR thermocouple with gold 40 pin electrical connectors
Dec-95|WSRC-FM {96-357 14}PR thermocouple with gold 40 pin electrical connectors
Dec-95{WSRC-FM [96-357 15{Bend in PR thermocouple
Dec-95|WSRC-FM |96-357 16(Bend in PR thermocouple
Dec-95(WSRC-FM {96-357 17iCore end piece sectioned for metallography
Dec-95|WSRC-FM [96-357 18]Core end piece sectioned for metatlography
Dec-95|WSRC-FM (96-357 19} Fatigue crack in support brace
Dec-95|WSRC-FM 196-357 20|Fatigue crack in support brace
Dec-95|WSRC-FM [96-357 21|Fatigue crack in support brace
Dec-95|WSRC-FM [96-357 22| Lower blades
Dec-95|WSRC-FM |96-357 23]|Lower blades
Dec-95|WSRC-FM [96-357 24| Tab on lower blade
Dec-95]WSRC-FM |96-357 251Core end piece sectioned for metallography
Dec-95|WSRC-FM [96-357 26| Core end piece sectioned for metallography
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Dec-95IWSRC-FM |96-357 27|Core end piece sectioned for metallography

Dec-95[|WSRC-FM |96-357 28| Corrosion coupons rack

Dec-95|WSRC-FM [96-357 29| Corrosion coupons rack

Dec-95|WSRC-FM |96-357 30| Corrosion coupons rack

Dec-95|WSRC-FM [96-357 31{Corrosion coupons rack

Dec-95|WSRC-FM |96-357 32|PR sample pump brace before PT test

Apr-96{WSRC-FM [96-360 1 [DWPF Feed Tube 5350-185-13A Severe corrosion no weld repair

Apr-96| WSRC-FM |96-360 2|DWPF Feed Tube $350-185-13A Severe corrosion no weld repair

Apr-96| WSRC-FM |96-360 3{DWPF Feed Tube §350-185-13A Severe corrosion no weld repair
Apr-96|WSRC-FM |96-360 4}DWPF Feed Tube §350-185-13A Severe corrosion no weld repair
Apr-96|WSRC-FM j96-360 5IDWPF Feed Tube S350-185-13A Severe corroston no weld repair
Apr-96|WSRC-FM ]96-360 6]DWPF Feed Tube $350-185-13A Severe corrosion no weld repair
Apr-96|WSRC-FM ]96-360 7|DWPF Feed Tube §350-185-13A Severe corrosion no weld repair
Apr-96|WSRC-FM ]96-360 8| DWPF Feed Tube Overall

Apr-96|WSRC-FM_]96-360 9|{DWPF Feed Tube Upper portion just below alumina insert

Apr-96]WSRC-FM |96-360 10]DWPF Feed Tube §350-185-13A Severe corrosion no weld repair

Apr-96| WSRC-FM [96-360 11{DWPF Feed Tube $350-185-13A Severe corrosion no weld repair
Apr-96iWSRC-FM |96-360 12|NA

Apr-96|WSRC-FM |96-360 13| DWPF Feed Tube $999-350-50-40 Weld repaired Tip showing partial plugage
Apr-96|WSRC-FM |96-360 14| DWPF Feed Tube $999-350-50-40 Weld repaired Tip showing partial plugage
Apr-96|WSRC-FM ]96-360 15| DWPF Feed Tube §5899-350-50-40 Weld repaired Tip showing partial plugage
Apr-96| WSRC-FM 196-360 16]|DWPF Feed Tube §999-350-50-40 Alumina insulator

Apr-96]WSRC-FM [96-360 17| DWPF Feed Tube 5999-350-50-40 Shows bend in feed tube
Apr-96|WSRC-FM 196-360 18| DWPF Feed Tube 5999-350-50-40 Weld repaired tip

Apr-96|WSRC-FM [96-360 19|DWPF Feed Tube §999-350-50-40 Weld repaired tip

Apr-961WSRC-FM |96-360 20|DWPF Feed Tube §999-350-50-40 Weld repaired tip

Apr-96|WSRC-FM [96-360 21|DWPF Feed Tube §999-350-50-40 Weld repaired tip

Apr-96| WSRC-FM |96-360 22|DWPF Feed Tube S999-350-50-40 Alumina insulator

Apr-96| WSRC-FM 196-360 23]|DWPF Feed Tube §999-350-50-40 Overall photo

Apr-96| WSRC-FM 196-360 24|DWPF Feed Tube §350-1815-13A Severe corrosion no weld repair (no label)
Apr-96| WSRC-FM }96-360 25| DWPF Feed Tube §350-1815-13A Severe corrosion no weld repair
Apr-96|WSRC-FM 196-360 26| DWPF Feed Tube $350-1815-13A Severe corrosion no weld repair
Apr-96|WSRC-FM {96-360 27|DWPF Feed Tube §350-1815-13A Severe corrosion no weid repair

Apr-96| WSRC-FM |96-360 28| DWPF Feed Tube §350-1815-13A Severe corrosion no weld repair
Apr-96|WSRC-FM {96-360 29| DWPF Feed Tube S350-1815-13A Severe corrosion no weld repair {no label)
Apr-96| WSRC-FM 196-360 30| DWPF Feed Tube S350-1815-13A Severe corrosion no weld repair

Apr-96| WSRC-FM |96-360 31|DWPF Feed Tube §350-1815-13A Upper portion just below alumina insert
Apr-96/WSRC-FM {96-360 32| DWPF Feed Tube $350-1815-13A Upper portion just below alumina insert
Apr-96| WSRC-FM 196-360 33| DWPF Feed Tube §350-1815-13A Upper portion just below alumina insert
Apr-96| WSRC-FM {96-360 34| DWPF Feed Tube §999-350-50-40 Weld repaired Tip showing partial plugage
Apr-96|WSRC-FM 196-360 35|DWPF Feed Tube $999-350-50-40 Weld repaired Tip showing partial plugage
Apr-96} WSRC-FM [96-360 36| DWPF Feed Tube $999-350-50-40 Weld repaired Tip close up
Apr-96{WSRC-FM |96-360 37| DWPF Feed Tube $999-350-50-40 Weld repaired Tip close up
May-96| WSRC-FM [96-365 1{IDMS SRAT/SME Agitator Overall
May-96]WSRC-FM [96-363 2|IDMS SRAT/SME Agitator Back side of iower blade showing tab
May-96|WSRC-FM |96-365 3|IDMS SRAT/SME Agitator Front side of lower blade
May-96| WSRC-FM [96-365 4[IDMS SRAT/SME Agitator Back side of lower blade stellite weld at tip for balancing
May-96|WSRC-FM [96-365 5| IDMS SRAT/SME Agitator Upper blades
May-96|WSRC-FM |96-365 6/IDMS SRAT/SME Agitator Lower blades
May-96|WSRC-FM [96-365 71IDMS SRAT/SME Agitator Hub and front and back of lower blades
May-96|WSRC-FM |96-365 8IIDMS MFT Agitator Lower blades

May-96| WSRC-FM {96-365 9[IDMS MFT Vessel (cleaned) Looking through agitator port (coils visible)
May-96|WSRC-FM |96-365 10{IDMS MFT Agitator Hub and front and back of lower blades
May-96|WSRC-FM |96-365 11{IDMS MFT Agitator Overall
May-96| WSRC-FM |96-365 12{IDMS MFT Agitator Hub and front and back of lower blades
May-96| WSRC-FM |96-365 13|IDMS MFT Agitator Back side of lower blade
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