RE PPN S AT AR

308 --- Q200304070004
Scientific Notebook # 298: TPA Simulations of
WP Performance and Sensitivity Analyses

LABORATORY
NOTEBOOK

CNWRA/SwRI



NOTEBOOK NO.
ISS“ED T0 gEMJ"EQOSS 4

ON 19

DEPARTMENT__ Dwv 20

RETURNED 19
-~ 402 -8

W o Corce Tew—o

@NW M (re#)

—SCIENTIFIC NOTEBOOK CO.—
2831 LAWRENCE AVE.
P.0. BOX 238
STEVENSVILLE, M1 49127
616-429-8285

4



INSTRUCTIONS

Table of Contents

é
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. » When starting a page, enter the title, project
number, and book number.

» Use ink for permanence -- avoid pencil.

» Record your work as you progress,

including any spur-of-the-moment ideas

which may be developed later.

Avoid making notes on loose paper to be

recopied.

Record your work in such a manner that a

co-worker can continue from where you

stop. You might be ill and to protect your

priority it could be urgent that the work

continue while you are absent,

Give a complete account of your
experiments and the results, both positive
and negative, including your observations.
» Record all diagrams, layouts, plans,
procedures, new ideas, or anything
pertinent to your work including the details
of any discussions with suppliers, or other
people outside the Company.
Do not try to erase any incorrect entries;
draw lines deleting them, note the
corrections, sign and date the changes.
This extra care is worthwhile because of
the necessity of original data to prove
priority of new discoveries.

. » After entering your data, sign and date

the entries.
« Explain your work to at least two wit-
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demonstration and have at least two
witnesses sign the page. If no witnesses
are present during an experiment of
importance, repeat it in the presence of
two witnesses.

. Since computer programs can be

patented these instructions apply to the
development of computer software. In
this case a description of the structure
and operation of the program should be
recorded in the notebook, together with
a basic flow diagram which illustrates
the essential features of the program. In
the course of developing the code, the
number of lines of code written each
day should be recorded in the
notebook, together with a statement of
the portion of the flow diagram to which
the section of code is directed.

. This notebook and its contents are the

exclusive property of the Company. It is
confidential and the contents are not to
be disclosed to anyone uniess
authorized by the Company. You must
return it when completed, upon request,
or upon termination of employment. It
should be kept in a protected place.

if loss occurs, notify your supervisor
immediately, and make a written report
describing the circumstances of the
loss.
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Tests Performed by: Sean Brossia

— 1 Title: TPA simulations of WP performance and sensitivity analyses

—r  Equipment: Access to Sun computer to run computations.

Initial Scientific notebook entry for TPA 3.2 code testing and sensitivity analyses.

— 1 Objectives: Learn use of TPA 3.2 and perform simulations to examine WP performance
———  sensitivity to various corrosion parameters. Example parameters include, Erp for carbon steel
and C-22, ipass for carbon steel and C-22, [C17] and pH of the solution impacting the WP and
couple potential for galvanic coupling.

11
Materials: None.
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'Figure 5-23. The cumulative distribution functions for the general corrosion rate of Alloy 22 at 100°C in ~
- 1the absence of dripping from the Waste Package Degradation Expert Elicitation (Pendleton 1998).
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TPA Test Plan and Results for SCR 294
b
. .
Test name:  Evaluation of New WP Corrosion Parameters and Overall Performance of TPA 4.0
—T T i T T
on WP Corrosion ‘
S B ) ——
Anticipated start date: March 13, 2000
T T — :
Anticipated completion date: March 21, 2000
R S S — T
. .
Amount of your time available to perform this test: 20 hrs
T
SE—
S Percent of testing time to be spent in process level testing and system level testing (e.g. 50/50):
25/175
T . . ———
Output files to be checked: corrode.out/wpsfail.res
[T
T
Input files to be checked for proper data transfer to the program: ebsfail.inp/tpa.inp
——
T — Disposition of documentation (storage medium, physical location, and access method):
—
— T Documentation contained in Scientific Notebook #298 in addition to zip disk electronic file storage e
in notebook.
T
R e e
Functional Test Descriptions:
' Parameters Examined:
SN E i
tpa.inp name tpanames.dbs name name in this analysis T T
T T CoefForLocCorrOfInnerOverpack 10-CofL.C Acqpy ———
— ExponentForLocCorrOfinnerOverpack 10-ExpLC Ney
—_—]
DensityOuterOverpack 00-Densy 316 density
T = T T
DensitylnnerOverpack [O-Densy C22 density
EquivalentWeightOQuterOverpack 00-EqWei EW, 6
I I e — T
EquivalentWeightinnerOverpack 10-EqWei EW,, ‘
LB m— —_—
A‘A_Z_] AA 2 1 C22 passive current density ‘
T T —
CoefForLocCorrOfOuterOverpack 00-CofLC Ay
T T ExponentForLocCorrOfQuterOverpack O0-ExpLC N3je T T
LR
——
—r—7 - Hand Calculations: Hand calculations using an Excel spreadsheet were performed to analyze the ——
output from process level modeling of failt.e. The parameters examined were the EW and density
' R R for both 316 stainless steel (SS) and alloy C22. The predicted time to failure and remaining thickness —T
at 100,000 yr (if no failure had occurred) were calculated. Several assumptions were made in these
calculations: (1) the initial humid-air corrosion/dry period was neglected for simplicity, (2) the T
T
B B e
T T I D B
1
DAL SRS S—
T
T T T T T T T T T T T T T T T T L] T T T T T T T T 1
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corrosion rate current density (i) in Equation 1 (EW is Equivalent Weight, F is Faraday’s constant,
and p is density), was determined based on the calculating the corrosion rate from the basecase time
T . ' —T ]
CR iIEW (1)
— T - F p I
] T T to failure and using the basecase parameters and was assumed to be constant for all simulations. This
second assumption also allowed for a check of the Excel spreadsheet to ensure that it was
[N I s e : ; ——]
performing properly.
— T T —T]
- Process-level tests: The parameters examined were the EW and density for both 316SS and alloy ‘
T C22. Each parameter was examined at 5 different levels: basecase, and 1/10, 1/2, 2x, and 10x of the N
basecase value. The predicted time to failure and remaining thickness at 100,000 yr (if no failure had
T T T oceurred) were determined. For these simulations, only the corresponding material was analyzed. i
That is, for analysis of 316SS the thickness of the alloy C22 barrier was set to zero. Similarly the i
thickness of the 316SS was set to zero for the alloy C22 analyses. ‘
— T 1 T A —
- System-level tests: The analyses performed were aimed at examining the new corrosion
— v T T parameters inserted into TPA 4.0 (EW and density for 3168S and alloy C22), parameters associated T
with localized corrosion (A and n from Equation 2, where D is the pit depth, A is a multiplication :
T factor and t is time) which were already present but applied to carbon steel, and to gage the
performance of TPA 4.0 as compared to TPA 3.2 from a WP corrosion perspective. For the analysis —
of A and n for alloy C22, the localized corrosion parameters associated with calculation of E, as
— T T T ’ I —
D= At" @
T T T well as the critical chloride concentration were assigned the values observed for alloy 625 to ensure L
that localized corrosion of alloy C22 would take place. In addition, given the long WP lifetimes
expected with alloy C22, the simulations were run out to 100,000 y and each simulation consisted ‘
- of 100 vectors. —
T T T Reasonableness Test Description: The results from the simulations were compared to hand | —
calculations as well as to the direction of expected change (increasing or decreasing time to WP i
T corrosion failures) to determine reasonableness. —]
Final Checklist (completed during testing):
S - Did the modification substantially change the results? ]
No. There did not appear to be a significant change in the results from the modifications.
—T T T -~ ]
- Were TPA 3.3 and TPA 4.0beta compared using corresponding mean values in tpa.inp?
LI T No, but TPA 3.2 and TPA 4.0beta were compared using identical parameters. No significant
differences observed.
—T T R
——r - Which nuclides were monitored to determine reasonableness of results in term of dose? e
No radionuclides were monitored, only WP corrosion was examined in this test.
—TT T T
— T T 1 T
T T T —T ]
— 1 11 T
2
L L R AAREE E—
T T T T T T T T ¥ T T T T T T T T T T T T T T 1 T T T T
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L Results of Test Plan: T
' System-level tests: T
o — Overall the modifications to the TPA 4.0 code as compared to TPA 3.2 were implemented correctly ——
without significant effects on the functionality of the code. All the system level results are shown
o in the accompanying figures in the form of the probability of a WP corrosion failure as a function ————
of time. As can be seen, there was no significant difference between the results obtained for the TPA
L 4.0 and TPA 3.2 basecase. When the EW for 316SS was increased, a decrease in time to corrosion N B E——
failure would have been expected. No change was observed and was attributed to the likelihood that
corrosion failure of 316 was dominated by localized corrosion rather than passive dissolution (where o
e — EW would influence the results). Similar results were found for changes in the density of 316SS. ———
Changes in the localized corrosion propagation parameters for 316SS did result in noticeable
T changes in predicted performance and the changes were in accordance with what was expected (i.e., N
increasing A resulted in a decrease in time to WP corrosion failure and increasing n resulted in
T delaying WP corrosion failure). ’ LI
Examination of the corrosion parameters for alloy C22 yielded similar results. For further
R T comparison of TPA 4.0 to TPA 3.2, the passive dissolution rate was modified to reflect the values e —
measured in CNWRA experimental work (lower than that used in the TPA basecase). Only a slight
T deviation was noticed in comparing the two versions. This deviation is likely caused by the T
observation that the values used in the TPA 4.0 basecase for EW of 316SS and alloy C22 were
T reversed. That is, the value for EW for alloy C22 was lower than it should have been as the EW was T
assumed to be that of 316 and vise-versa. The net effect is that the EW for alloy C22 used in TPA
4.0 would cause an increase in the time to WP corrosion failure as was observed. This was further
———7— confirmed when EW was examined in which an increase in EW resulted in a decrease in the time e —
to WP corrosion failure. Decreasing the density of alloy C22 by a factor of 10 also resulted in a
T T significant decrease in time to first WP corrosion failure. When the localized corrosion parameters T
associated with Erp and the critical chloride concentration for alloy C22 were assigned the values
' ' used for alloy 625, a significant change in predicted performance was observed (similar to what has o ‘
S been seen with TPA 3.2). When the localized corrosion propagation terms (A and n) where then ]
varied, the expected results were observed.
T T . T
' Summary of Observations from System-level tests:
L Given the simplifying assumptions that went into these analyses and the observation that the changes T
made to various parameters had the appropriate effect on the end result of predicted WP corrosion
T ' performance, it appears that the modifications made to TPA 4.0 are satisfactory and have been
co'r\rectly implemented. S
T Process-level tests: -
Lastly, to examine the failt.e module, a series of simulations were run to calculate the corrosion rate
T T and thus the effective time to failure for each of the WP barrier component materials considering T
the new EW and density parameters. When examining 316SS, the alloy C22 thickness was set to
T zero and the corrosion rates/time to failure from the code were compared to those determined -
S through a simple hand calculation (see tables below). Based on the simplifying assumptions as ES——
outlined above, the hand calculations and the simulations agreed well (< 6% difference). The only
—r—r exception to this were cases in which the time to failure was very short in which case the initial e
humid air corrosion/dry period would play a more significant role in determining the time to failure
T T which was not considered in the hand calculations. L
I B L s
—— 3 T
L B S— T
T L] T T T T ¥ T T T T T T T T T T T T T T T T T T T
T T T T T T T ] T T T T T T T H T T T T T T
To Page No.
Witnessed & Understood by me, Date invented by Date

TITLE Book No.___ 45
i i I I i ! 1 L T i | | i i F T T T T T T T T
From Page No.

T T T T T T T T T T T T 1 T L T T ] T T T ] T T T T T
s 5 . m—
S G : . Do

Similar results were observed when examining alloy C22 with the 316SS thickn&_ss set to zero. In
e this case, however, the time to failure was not always used as in some simulations it was > 100,000 T
y-(the end of the simulation). In these instances, the remaining thickness determined from the
S simulation and the hand calculation were compared. Again there was some deviation between the
results, with the calculated thickness always being larger than the thickness determined from the ——
2 U 5 . " s o
. simulation. At most the differences between these was 21 %.
R . L
Summary of Observations from Process-level tests: .
e e Given the simplifying assumptions that went into these analyses and calculations and the observation S S N
that the changes made to various parameters had the appropriate effect on the end result of predicted
L WP corrosion performance, it appears that the modifications made to failt.e are satisfactory and have m
been correctly implemented. S Lt —
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