
February 10, 2005

MEMORANDUM TO: Michael E. Mayfield
Division of Engineering Technology
Office of Nuclear Regulatory Research

FROM: William H. Cullen. Jr. /RA/
Materials Engineering Branch
Division of Engineering Technology
Office of Nuclear Regulatory Research

SUBJECT: MEETING SUMMARY WITH ARGONNE NATIONAL LABORATORY
AND MATERIALS RELIABILITY PROGRAM STAFFS ON CORROSION
OF REACTOR PRESSURE BOUNDARY MATERIALS IN BORIC ACID
SOLUTIONS

On January 18, 2005, Office of Nuclear Regulatory Research (RES) staff met in a public
meeting at Argonne National Laboratory (ANL) with staff from the Materials Technology Section
of ANL and staff and contractor representatives of the Materials Reliability Program (MRP).  A
list of attendees is provided in Attachment 1 of this memorandum.  At this meeting, the MRP
contractors, and ANL scientists presented summaries of their respective programs on the
corrosion of reactor structural materials (principally low-alloy, pressure vessel steel) in solutions
and mixtures of simulated pressurized water reactor (PWR) coolant of various, but prototypical
concentrations, exposure durations and temperatures.  The RES-funded boric acid corrosion
(BAC) program at ANL was initiated in August 2002, in response to User Need Request NRR-
2003-028, and concluded in July 2004.  The collaborative MRP-funded program is expected to
conclude in 2006.  Some of the tests yet to be performed under the MRP-funded program are
intended to understand better the corrosion consequences of certain concentration and
temperature combinations.  Attachments 2 and 3 are the presentation materials of both the ANL
and MRP participants.

The complete MRP BAC program consists of four tasks: (1) Heated Crevice Testing, to
examine the chemical environment in a crevice or annulus, such as might exist at the interface
of a vessel penetration and the vessel itself; (2) Impact Flow, to examine the local corrosion
rate at the location of a two-phase jet; (3) Separate Effects Testing, to develop screening data
for various environments characterized by pH, solution conductivity, and galvanic potential
differences, and (4) Mockup Testing of simulated crevices exposed to a series of leak rates
ranging from 0.0001 gpm to 0.3 gpm.  This meeting featured discussion of only Task 3 of the
MRP program; tasks 1 and 2 are not far enough along to provide meaningful discussion, and
task 4 will commence later this year.  Tasks 1 through 3 of the MRP program commenced in
September 2003.  Task 3 covered a 3 x 3 x 3 matrix of test temperatures, solution
concentrations and lithium/boron (Li/B) ratios under oxygenated conditions, with selected tests
repeated for deoxygenated conditions or for creviced or galvanic coupons.  The test
temperatures were 100°C, 200°C and 315°C; the concentrations were 2000 ppm B as boric
acid, a 50:50 slurry, and 90%/10% (boric acid/water); the Li/B ratios were 0, 0.002 and 0.05. 



Michael E. Mayfield 2

Pressurized water reactor coolant contains typically 2000 ppm B with a Li/B ratio of about
0.002.

Corrosion rates increase with decreasing temperature with essentially the same rates at test
temperatures of 100°C & 200°C.  These corrosion rates are about three times the rates at
315°C.  Corrosion rates also increase with increasing boron content, with maximum rates
among all the test results observed at the 90%/10% ratio at 200°C.  Rates were generally
maximized in the absence of lithium (Li/B = 0); when Li/B = 0.05 the corrosion rates were
markedly reduced, usually by a factor of ten or more.  Calculations show that hot solutions of
PWR coolant will exhibit a Li/B increase over time due to the larger volatility of boric acid as
compared with lithium hydroxide.  In addition, tests with creviced low-alloy steel coupons and
with coupons of low-alloy steel material galvanically-cou0pled to Alloy 600 material indicat4edno
significant change in corrosion rate versus freely exposed low-alloy steel coupons.  In general,
the MRP results reinforce the ANL results.

The earlier-concluded ANL program consisted of tests at several solution concentrations;
lithium hydroxide was added only to test solutions of simulated PWR coolant (2000 ppm or
9,090 ppm B, 2ppm Li), but other, more concentrated solutions contained only boric acid (up to
42,000 ppm B, Li/B = 0).  Test temperatures ranged from 97.5°C to 316°C.  Tests were
conducted in both aerated and non-aerated solutions; deaeration at the higher temperatures
was accomplished by using first nitrogen, followed by hydrogen as cover gases.  Deaeration at
97.5°C was accomplished simply by allowing the near-boiling solution to degas normally,
leading to a dissolved oxygen content of about 30 ppb.  The ANL data show that corrosion rates
generally increase with decreasing temperature, with a maximum in aerated solutions at
97.5°C.  Corrosion rate is strongly and linearly dependent on boric acid concentration; the
dependence is essentially one-to-one (double the concentration produces double the corrosion
rate).  ANL also completed a series of tests of steels (mostly low-alloy steels) with various
chromium contents, from 1% to 21.1%.  Corrosion rates decreased with increasing chromium
content, as expected.

The presentations were punctuated by discussion and clarification of many points, including the
significance of the finding that high ratios of Li/B markedly reduce corrosion rates.  The MRP
program includes several tests that are yet to be completed and will further investigate highly
concentrated boric acid.  One MRP approach is based on tests at temperature, pressure and
concentration conditions in which a boric acid solution is concentrated by steaming.  By this
research plan, the MRP hopes to establish the time scales for dehydration of molten boric acid,
and the development of characterizing data such as pH and conductivity.  

Having completed the agenda, the meeting was adjourned.

The results of the two programs will help inform future regulatory actions regarding inspection
of pressure boundary materials that may become exposed to boric acid solutions.  The data
generated by both programs will be included in the upcoming revision of the EPRI Boric Acid
Corrosion Guidebook, scheduled for completion in 2007.
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Attachments:
1.  Attendance list
2.  MRP handout of presentation materials: EPRI/MRP Boric Acid Corrosion (BAC) Testing
     Program: Immersion Test Results
3.  ANL handout of presentation materials: Corrosion of Reactor Pressure Boundary Materials
     in Boric Acid Solutions 



Michael E. Mayfield 3

Attachments:
1.  Attendance list
2.  MRP handout of presentation materials: EPRI/MRP Boric Acid Corrosion (BAC) Testing
     Program: Immersion Test Results
3.  ANL handout of presentation materials: Corrosion of Reactor Pressure Boundary Materials
     in Boric Acid Solutions 

OAR in ADAMS? (Y or N)     Y     ADAMS ACCESSION NO: Pkg. ML050400504     TEMPLATE NO. RES:006   
Publicly Available? (Y or N)     Y     DATE OF RELEASE TO PUBLIC           SENSITIVE?     N     
To receive a copy of this document, indicate in the box:  "C" = Copy without attachment/enclosure   "E" = Copy with attachment/enclosure   "N" =
No copy
*see previous concurrence

OFFICE *RES/DET/MEB C *RES/DET/MEB RES/DET/MEB
NAME W. Cullen A. Lee T. Bergman
DATE 2/10/05 2/10/05 2/10/05

OFFICE *SISP REVIEW C *SISP REIVEW

NAME Originator
W. Cullen

Br. Chief
T. Bergman

DATE 2/10/05 2/10/05
          OFFICIAL RECORD COPY



Attendance List
Corrrosion of Reactor Pressure Boundary Materials in Boric Acid Solutions

Argonne National Laboratory
January 18, 2005

Ken Natesan ANL

Jong-Hee Park ANL

Omesh Chopra ANL

Bill Cullen NRC/RES

Leslie Spain Dominion Generation

Al Ahluwalia EPRI

Bill Shack ANL

Glenn White Dominion Engineering Inc.

Chuck Marks Dominion Engineering Inc.

Ganesh Cheruvenki NRC/NRR

Andrea Lee NRC/RES

M. Srinivasan NRC/RES

Bradford Grimmel NRC/RES

Greg Kammerdeiner FENOC

Allan McIlree EPRI

Attachment 1


