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Westinghouse Energy Systems Box 355

Electric Corporation Pitts!vp Penna s la 15230 0355

August 28,1997
AW 97-1159

U. S. Nuclear Regulatory Commission

ATTN: Document Control Desk
Washington, DC 20555

Attention: J. E. Lyons, Acting Chief, Reactor Systems Branch
Division of Systems Safety and Analysis

Reference: Letter from N. J. Liparulo to J, E. Lyons, NSD-NRC-97-5290, dated August 28,1997

APPLICATION FOR WITilllOLDING PROPRIETARY
INFORhlATION FROM PUBLIC DISCLOSURE

| Subject: Westinghouse Axial Offset Anomaly Presentations to NRC - July 31,1997 [ Proprietary]
l

Dear Mr. Lyons:

The application for withholding is submitted by Westinghouse Electric Corporation (" Westinghouse")
pursuant to the provisions of parngraph (b)(1) of Section 2.790 of the Commission's regulations. It contains
comme:cial strategic information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of
the subject report, in conformance with 10 CFR Section 2.790, Aftidavit AW-97-1159 accompanies this
application for withholding, setting forth the basis on which the identified proprictary information may be
withheld from public disclosure.

Accordingly, it is respectfully requested that the subject infonnation which is proprietary to Westinghouse
be withheld fmm public disclosure in accordance with 10 CFR Section 2.790 of the Commission's
regulations.

Correspondence with respect to this application for withholding or the accompanying aflidavit should
reference AW-97-1159 and should be addressed to the undersigned.

Very truly yours,

Nicholas J. Liparu o, Manager
Equipment Design and Regulatory Engineering

-

Kevin Bohrer , NRR/ DISP /PADB (12E20)
-

cc:

9709080045 970828 O
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Proprietary Information Notice

Transmitted herewith are proprietary and non-proprietary versions of documents fumished to the NRC. In

order to conform to the requirements of 10 CFR 2.790 of the Commission's regulations concerning the

protection of proprietary information so submitted to the NRC, the information which is proprietary in the

proprietary versions is contained within brackets, and where the proprietary information has been deleted in

the non proprietary versions, only the brackets remain (the infonnation that was contained within the

brackets in the proprietary versions having been deleted). Thejustincation for claiming the information so

designated as proprietary is indicated in both versions by means of lower case letters (a) through (f) located

as a superscript immediately following the brackets enclosing each item of information being identiDed as

proprietary or in the margin opposite such infonnation. These lower case letters refer to the types of

information Westinghouse customarily holds in con 0dence identified in Sections (4)(ii)(a) through (4)(ii)(f)

of the afndavit accompanying this transmittal pursuant to 10 CFR 2.790(b)(1).
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Copyright Notice

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to make

the number of copies for the information contained in these reports which are necessary for its internal use in

connection with generic and plant specific reviews and approvals as well as the issuance, denial,

amendment, transfer, renewal, modification, suspension, revocation, or violation of a license, permit, order,

or regulation subject to the requirements of 10 CFR 2.790 regarding restrictions on public disclosure to the

| extent such information has been identified as proprietary by Westinghouse, copyright protection not

| withstanding. With respect to the non-proprietary versions of these reports, the NRC is permitted to make
'

the number of copies beyond those necessary for its internal use which are necessary in order to have one

copy available for public viewing in the appropriate docket files in the public document room in

Washington, DC and in local public document rooms as may be required by NRC regulations if the number

of copies submitted is insufficient for this purpose. Copies made by the NRC must include the cop > Tight

notice in all instances and the proprietary notice if the original was identified as proprietary.
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AW.971159

AFFIDAVIT

- COMMONWEALTH OF PENNSYLVANIA:

1
-

,

ss -

'l

. COUNTY OF ALLEGilENY:

~.

Before me, the undersigned authority, personally appeared Henry A. Sepp, who, being by me duly

swom according to law, deposes and says that he is authorized to execute this Affidavit on behalf of

Westinghouse Electric Corporation (" Westinghouse")'and that the averments of fact set forth in this

Aflidavit are true and correct to the best of his knowledge, infonnation, and belief:

b /
L F (\

Henry A. Sepp, Manager

Regulatory and Licensing Engineering

Sworn to and subscribed

befo e this d[ day

of 14c4/d ,1997,
y

NotarialSm!
Janet A. Schwab, Notary PubRcg

, MonroevilleDuo A!1eghenyCount( My Commtsse Ex,pires May 22,20D0
<r

y

Member, ennsylvamaAssocation of N
_ NotafY pubuc

otarteg
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(1) I am Manager, Regulatory and Licensing Engineering, in the Nuclear Services Division, of the

Westinghouse Electric Corporation and as such, I have been specifically delegated the function of

reviewing the proprietary information sought to be withheld from public disclosure in connection

with nuclear power plant licensing and rulemaking proceedings, and am authorized to apply for its

| withholding on behalfof the Westinghouse Energy Systems Business Units.

;

(2) I am making this Aflidavit in conformance with the provisions of 10 CFR Section 2.790 of the

| Commission's regulations and in conjunction with the Westinghouse application for withholding
!

accompanying this Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by the Westinghouse Energy

Systems Business Units in designating information as a trade secret, privileged or as confidential

commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission's regulations, the

following is fumished for consideration by the Commission in determining whether the information

sought to be withheld from public disclosure should be withheld.

(i) The infonnation sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not

customarily disclosed to the public. Westinghouse has a rational basis for determining the

types ofinformation customarily held in confidence by it and, in that connection, utilizes a

system to determine when and whether to hold certain types of information in confidence.
'

The application of that system and the substance of that system constitutes Westinghouse

policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several

types, the release of which might result in the loss of an existing or potential competitive

advantage, as follows:
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(a) The information reveals the distinguishing aspects of a process (or component,
.

structure, tool, method, etc.) where prevention of its use by any of

Westinghouse's competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

.

(b) It consists of supporting data, including test data, relative to a process (or

component, stmeture, tool, method, etc.), the application of which data secures a

competitive economic advantage, e.g., by optimization or improved

marketability.

(c) Its use by a competitor would reduce his expenditure of resources'or improve his

competitive position in the design, manufacture, shipment, installation, assurance

of quality, or licensing a similar product.

(d) It reveals cost or pr:ce information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or cutomer funded

development plans and programs of potential ccmmercial value to

Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

- There are sound policy reasons behind the Westinghouse system -which include the

following:

,

(a)- The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to

protect the Westinghouse competitive position.

b) 'It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.
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c) Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If

competitors acquire components of proprietary information, any one component

|_ may be the key to the entire puzzle, thereby depriving Westinghouse of a

competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of

Westinghouse in the world market, and thereby give a market advantage to the

competition of those countries.

(f) The Westinghouse capacity to invest corporate assets in research and

development depends upon the success in obtaining and maintaining a

competitive advantage.
,

(iii) The information is being transmitted to the Commission in confidence and, under the

provisions of 10 CFR Section 2. 790, it is to be received in confidence by the Commission.

(iv) The information sought to be protected is not available in public sources or available

information has not been previously employed in the same original manner or method to the

best of our knowledge and belief.

i

(v) The proprietary information sought to be withheld in this submittal is that which is

appropriately marked in the letter, " Westinghouse Axial Offset Anomaly Presentations to

NRC - July 31, 1997," on August 28, 1997 for submittal to the Commission, being -

transmitted by Westinghouse Electric Corporation (W) letter (NSD-NRC-97-5290) and

Application for Withholding Proprietary Information from Public Disclosure, Nicholas J.

Liparulo,)V, Manager Equipment Design and Regulatory Engineering to the attention of J.

E. Lyons, Acting Chief, Reactor Systems Branch. The proprietary information as submitted

by Westinghouse Electric Corporation is to provide the material as presented to the NRC

stafTat the Axial Offset Anomaly meeting on July 31,1997.
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This information is pan of that which will enable Westinghouse to:

(a) Minimize extent of Axial Offset Anomaly

(b) Assist customers to ot,tain license

Further this information has substantial commercial value as follows:

(a) Westinghouse plans to sell the use of similar information to its customers for

purposes of designing reactor cores

(b) Westinghouse can use this information to further enhance their licensing

position with their competitors

i

Public disclosure of this proprietary information is likely to cause substantial harm to the

competitive position of Westinghouse because it would enhance the ability of competitors

to provide similar licensing sersices for commercial power reactors without commensurate

expenses. Also, public disclosure of the information would enable others to use the

information to meet NRC requirements for licensing documentation without purchasing the

right to use the information.

The development of the technology described in part by the information is the result of applying the

results of many years of experience in an intensive Westinghouse effort and the expenditure of a

considerable sum of money.

In order for competitors of V'estinghouse to duplicate this information, similar technical programs

would have to be performed and a significant manpower effort, having the requisite talent and

experience, would have to be expended for developing the enclosed information.

Further the deponent sayeth not.



, . . . . . . , . . . . . . . . . _ . . . . . . . . . _ _ _ . _ _ _ _ _ _

.

WESTING 110USE NON-PROPRIETARY CLASS 3
,

NRC AOA Meeting
Agenda ;

- Introduction - Westinghouse
Axial Offset Anomaly Characteristics

History of Affected Plants

Brief Root Cause Discussion

TU Presentation-

UE Presentation-

W Root Cause Presentation-

W Safety Analysis Presentation-

Discussion-

:-
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Introduction
.

Sumit Ray

Westinghouse
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AOA - Key Characteristics

Core Axial Offset becomes more negative
than predicted , typically at burnups of
5,000-10,000 MWD /MTU

Incore maps show higher AO deviations for
higher power feed assemblies

Flux depressions in upper half of core are
maximum below grids

' -
.
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Axial Offset Anomaly
History of Affected

Westinghouse Plants
Plant Cycle With AOA Cycle Without Maximum AO

AOA Deviation
Callaway 1,2,3,7

4 -5

5 -7
~

6 -9

8 -7

9 (op) -13

Millstone 3 1,2,3,5,6 (op)

4 -5 .

''

Vogtle 1 1,2,3,5
,

4 -3.5

6 -6
,

7 (op) -3

Vogtle 2 1,2,6 (op)

3 -3

4 -3

5 -3

Wolf Creek 1-8

9 (op) -6

Catawba 1 1-7, 9

8 -4.5

Comanche Peak 2 3 1,2 -3.5

Seabrook 1-4

5 -3

-
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Axial Offset Anomaly
History of Affected Plants

Plant Cycle Fuel Type Peaking Factor
With AOA (FDH Limit) /

kw/ft
Callaway 4 17X17, .360, IFM 1.65 / 5.69

5 17X17, .360, IFM 1.65 / 5.69

6 17X17, .360, IFM 1.65 / 5.69

8' 17X17, .360, IFM 1.65 / 5.69

9 (op) 17X17, .360, IFM 1.65/ 5.69
Millstone 3 4 17X17, .374, IFM 1.70 / 5.44

Vogtle 1 4 17X17, .360, IFM 1.65 / 5.44

6 17X17, .360, IFM 1.65 / 5.69 .

,,

7 (op) 17X17, .360, IFM 1.65 / 5.69

Vogtle 2 3 17X17, .360, IFM 1.65 / 5.69

4 17X17, .360, IFM 1.65 / 5.69

5 17X17, .360, IFM 1.65 / 5.69

Wolf Creek 9 (op) 17X17, .374, IFM 1.65 / 5.69

Catawba 1 8 Non-Westinghouse 7/5.44

Comanche Peak 2 3 Non-Westinghouse 1.55 / 5.44

Seabrook 5 17X17, .374 1.65 / 5.44

.

m -- - .

, . . . . . . . . . . . ._ . -

. .
. _..



- - - - - _

.

.

Axial Offset Anomaly
History of Affected Plants

Plant Cycle Design Maximum HFP
With AOA Cycle Length Boron

(EFPD) Concentration
(ppm)

Callaway 4 440 1300

5 440 1300

6 450 1400

8 480 1400

9 (op) 470 1400

Millstone 3 4 510 1700

Vogtle 1 4 430 1650

6 480 1500

7 (op) 490 1500 . ' -

Vogtle 2 3 470 1600

4 400 1400

5 460 1400

Wolf Creek 9 (op) 520 1550

Catawba 1 8 390 1200

Comanche Peak 2 3 500 1400

Seabrook 5 530 1400
~

l

.

O

F
'

'
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AOA Root Cause

Crud builds up on upper spans of high
power fuel assemblies

Boron absorbs into the crud, concentrating a

localized neutron poison

Flux depressed in upper regions of the core,

causing AO to move down (negative)

-,.
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AOA Root Cause (Continued)

Some feed assemblies have sub-cooled
nucleate boiling to an extent that enhances
crud buildup in the upper spans

Sub-cooled boiling causes boron to
concentrate in porous crud layer

Boron can be released from the crud layer
when subcooled boiling is reduced

' -
.
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Susceptibility Factors
Significant sub-cooled boiling
- High coolant temperatures

- Higher peaking factors
.

- High power density

Crud buildup on fuel
- Some crud on fuel is not unusual

- Individual plant differences can affect crud
buildup

Long cycles
- High soluble boron

,

.
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Safety Significance

Impact of AOA on Fuel And Accident
Analysis Thoroughly Considered

.

Key Impacts Are Shutdown Margin And
Power Distribution Surveillance Factors
- These Are Updated For Plants With AOA

All Fuel /S on-LOCA/LOCA Design And
Safety Criteria Continue to Be Met
No Adverse Impact on Safe Plant Operation

-. . .

- _.
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AOA Industry Communications

Westinghouse Fuel Users' Group-

presentations

Westinghouse Reactor Engineers' Seminars-

Westinghouse Technology User's Group-

presentations

EPRI Programs-

INPO SOER 96-2-

-
._.
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Presentation to NRC
Root Cause Analysis of
Axial Offset Anomaly

July 31,1997

Dr. George P. Sabol, Manager

Westinghouse Electric Corporation

CNFD Development Programs

NilC floot Cause Analysis AOA ppi

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Presentation Outline

Data from plant instrumentation-

Similarities of affected plants .-

Fuel visual examinations for crud deposition-

Mechanism of AOA-

Crud chemical analyses'-

Coolant chemistry influence and recommendations-

.

-

.
,

fJitC flout C.msc A :asysis AOA got
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Axial Offset Anomaly
Characteristics

Flux depressed in top-half of core-

Depression similar at structural and-

mixing grids
Maximum depression just upstream of-

grid
AAO driven by feed fuel - largest offset.

.

in high-power assemblies

AO deviation starts at 4-10 GWD/MTU-
.

:.

,a e -,e . AO& rwd
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~

Similarities of AO-Affected Plants

* Predicted sub-cooled boiling
High coolant temperature-

High surface heat flux-

Boiling is necessary, but not sufficient
- V. C. Summer is prime exception'

,

_ _ _ _ _

_ _ _ _ _ _
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Hot Channel Sub-Cooled Boiling Duty
'" >

.

e_

Plant / Cycle
(Solui bars had indicassons of AO anomafy)

nat Coaar38 ? 7 25 9'Assumpomans
= e *" (Shaded bar - possende AO anomaly)

.

d hesh fure has and tAankets

.
.. . ..

. _ . . . . . . . . . . . . . . . . _ . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. .. . . _ . . . . . . . . . . . . . . . . . . . . . . . . . .. .

. .. .
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Visual Observations on Fuel

Plants / Cycles
0)

- Callaway EOC 5,6,7
- Millstone 3 EOC 4

Observed more crud than expected

First and largest visual exam campaign
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Visual Observations on Crud

Crud only in top half of fuel. No crud below span

4. Consistent with negative AO.
.

Most crud in hottest span 6

Feed fuel has more crud than 2CY or 3CY fuel

More crud on high power assemblies, faces

Little or no crud above grid, but increases up-

span, consistent with flux depres.sion
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Axial Offset Proportional to Crud index on Feed Fuel'

Callaway Cycle 5 Region G Crud Evaluation .,,,,

,

5

f

_. . __

&

9

- . . _ . . . . -
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Callaway CY5 AO change associated |

with crud release |
|

Trip occurred near EOC 5-

AO shift from -4 to +6%-

Significant crud release followed trip and restart-

:-

NitC liool Cause Analyss AOA ppa

w______.
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~

AO Anomaly is Crud Induced !

Crud only in top half of fuel consistent with |-
=

negative offset
Crud highest just below grids agrees with flux
depression
More crud on assemblies with high AAO-

Crud release near EOC-5 Callaway-

associated with rapid AO Shift - 4% to + 6%
Assemblies with largest AAO prior to trip
were most affected by the trip

:.

~ ,

mM m m
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Effects of Crud on AOA
Evaluated !

Physical presence of Ni Fe xO isx 3 4

insufficient to depress flux
Increase in extent of sub-cooled boiling-

.

- Rougher surface

- More nucleation sites
- Slight increase in surface temperature

.

Boron concentration within crud-

- Liquid within crud enriched by boiling.

- Boron compound precipitation within crud
. . .



.

.

Plant Data Evaluation
_

Plant data analyzed.

- Pressure increases
- Power reductions
- Temperature reductions

Data indicate boiling insufficient to explain AO deviation.

- Pressure coefficient of reactivity similar to core model
without voiding

- Anomalous reactivity decreases with power, but still present
at 70% power

Low voiding indicates instantaneous release of reactivity not.

possible
Boron concentration in crud is most likely cause of AO deviation.

intC itous Cause Atulysis AOA ppt

- - _ _ _

-
--
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Model for Boron Concentration in Crud

- Sub-cooled boiling in porous deposit results
in . concentration of soluble boron in liquid
within the deposit

. Boron-enriched liquid leads to formation of

boron-rich " solids"

' -
.

-

__- - . _
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~ ~

Crud is Medium for Boron Concentration )

Porous Crud. ox,
3

| 5 Vapor " Chimneys"

Vapor Bubbles
.

Coolant in Boronm

Concentration = C.
'

Wal' O* vapor out Boron
Concentration - 0

C(x) = Boron Concentration
in Liquid Within Crud

OO
Max)

C,

C --

i
g ;__________

X 6~

.

4

_ _ _ _ _ _ _.
. .. . .. .

.. ... .
= . . . . . .. . . .. .. .
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Critical Aspects of Model

Formation of B " solids"in crud requires-

B-concentration in liauid within crud to solubility limit

Most of B retained in " solid" form-

[B] in crud sensitive to boiling, thickness-

- [B] varies as -

~

Crud properties important-

- Thickness - coolant chem, impurities

- Composition - reaction, adsorption of B .,

Boron concentration, release is reversible-

.

- .. -

,

t .

.
.

.
_.
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Boron Release and Uptake with Power at Callaway

Power reduction to 30% April 7,8,1993-

- Li release of 644g
- Boron Equivalent (e.g., as LiBO ) = 1012g2

Power increase to 100%-

- Li uptake = 450g
- Boron equivalent = 7079

Boron to cause observed Axial offset difference-

- Assumes no B'8 depletion
_ _ , , ,

- B release on power reduction = _ _
_

"~>
- B pickup on power increase =

Good. agreement with boron model-

~

, . .

- - _ _ _ _ _ _ _ _
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Crud Scraping and Analysis

AOA Cycles

Callaway EOC6

Millstone 3 EOC 4

Non-AOA Cycle
EOC 7Callaway

:..

unc no cause Anavses AO^ *

.
.. .. .. .. .

.
.

. .

_.
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-
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Callaway EOC 6 ;

Assemblies Scraped for Crud
i

!
r

MW |
a

*

Assy. Core Assy. Crud Offset |

No. Region Location Power index M-P m
L

__ ""';
_

i H88 88 C8 1.34 -11.6

H12 8A L13 1.30 -8.4 |I

H03 8A N13 0.95 -6.9

G32 78 J9 1.16 -9.6*

G87 7B MS 0.98 8.4* ;,
t-,

|
:

E81 SC H8 0.99
_ _y

Assemblies not instrumented in cycle 6. AO values based on those of*

instrumented assemblies symmetrical positions. ,

j
..

4
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CALLAWAY EOCs S&6 CRUD EVALUATION
iu,

_

O
E
O
3
E
O
m
0
4

b
4
3
e
2
"
m

# .

AXIAL OFFSET DIFFERENCE (NEGATIVE) -
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I

Callaway EOC 6 Crud ;

Average Surface Concentration and Thickness |

of Sample Deposits
!

!

1. Once-Bumt Fuel j
:

High Power (H-88, H-12) Ave. Power (H-03) :

Surf. Conc Thhs Surf. Conc Thickness |

Span mg/sn* microns mg/s# microns !_ ,,,,,

.

-

!

!
:

_

;

_
>

2. Twice-Bumt Fuel
I

High Power (G-32) Ave. Power (G-87)
~

~~

Surf. Conc Thickness Surf. Conc Thickness _ .

~~ mg/dm" microns mg/dm
_

mecrons _ _ ,,,,, j

.. [
- - -

Span _ :

,

t

__.
,

.

,rw -
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|

'

Callaway EOC 6 Crud
Average Surface Concentration and Thickness

of Sample Deposits (contd>

3. Thrice-Bumt Fuel

Averaga Power (E-81)
'_ Surface Conc Thekness

mg/dm' microns . ,..o

Span I
_

_

__

" Analysis suspect due to small amount of crud.

Correcsson k) #95 89. #95 209. (6/I5/97)

~

.

.

A? 8 ,, e f
'' ^ ^



. . . . . . . .
. . ..

.

. - _ _ _ _ _ _ _ _ _ _ _ _

'
i

i

!
.

.

i

Canaway EOC 6 Crud Ccr;-:-:ran (PreNminary) |

Concentrations ki Weight Percent (Span 6)
,

;

I

.

.

tJilC Ihiol Cause Analysis AOA ppe

__ _
. _ _ _ .
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Millstone 3 EOC 4 Crud Data -|

Axial Offset

Assembly Number Relative Power crud index (M-P) %
-7.2-

I~ "un
1.29F-88 -8.3
1.29 _ _

F-09-

Average Surface Concentration and Thickness of Crud
ThicknessSurface Conc.

2 (microns)
~~

. . . < ,

(mg/dm ) _ . ,

Span
,_

-

-

- .-

co,,ea.oaio a i ns wiwn
Only one sample from span 48

s,

- - - - _ _ _ - - - _ _ .
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.

MILLSTONE 3 EOC 4 CRUD ANALYSIS
AVERAGE COMPOSITION ON F-ASSEMBLIES (WT. %) .t.x)

|

r

i

.

_.

8*Only one sample from span 4 .

L. _ _ _ _ _ -
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Millstone 3 Feed Fuel Crud EOC 2 vs. EOC 4

Average Surface Concentration mg/ sri
EOC2 EOC4 Ratio C4/C2 _ , , , , ,

Span
_

i_
_

-

co. eci.on so ras i ts Wiv>0-

;-

c.aw
, , , _ _ . . . . . m . . . .._ .,.. .. .. . . . ,
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Callaway EOC 7
.

Assemblies Scraped for Crud

SUMMARY OF CALLAWAY CYCt.E 6 AND 7 OPERATIONAL DATA
.

CA8CycGo7

m AO Vh M he Mh M

12o04 (%) .
crud itses (%) crud sneenF/A

inden unsonsTu
ammotuTu ~~

- " " ' 1.300 -8.4. -

H - 12 0.4se -1.3

1.340 -11.8

H . es 1.044 -2.1 _ _

-
-

-

J -3s 1.321 -1.8
-

-
-

J - 40 1.305 -1.0
-

-
-

J - 93 1.31 -1.8 _,

' . -

|
|

. - - _ _ _ _ _
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Callaway CY 6, CY 7 Crud Comparisons

Average Surface Concentration and Thickness - Span 6
'

Feed Fuel Twice Bumed Fuel

'CY 6 CY7 CY6 CY7

H-12, H-88 J-38, J-40, J-39 G-32, G-87 H-12, H-88
mg/sii' pmg/411* pzmg/dm pmg/dm p

- r * ta.O
_

m

.N

.

Corredson to #95-283
(6/15/97)

. .
.

l
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Callaway Crud Chemical Composition
I

Awwego C-:r;--::~ x of Crud kom Span e
from High Pouver Feed FsW frosu Cycles e and 7

+(a c)

"

.

.

_
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Summary of Crud Scrape Data

|Crud thickness in proportion to extent of AOA-

Crud concentrations as expected, except-
_

Ni/Fe ratios >
~

Crud removal observed when driving forces for crud-

deposition decreased

'

-

.
_

NRC Hont C;w w Areevses AOA pgd

_ _ _ _ _ _ _ _ _ _ __
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Mechanism of AOA
!

,

Sorne level of sub cooled boiling on feed fuel |-

Sub-cooled boiling exacerbates crud deposition-
!

Boron concentrates within porous crud deposit-

Under some conditions, solubility limit of B-rich solid,-

e.g., LiBO , exceeded2

Power suppression due to B-rich solid within crud in-

top spans of high-power fuel

~-
.

tmc noon cause Analyus A0^ mi
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Approaches for AOA Mitigation

Minimize extent of sub-cooled boiling through core-

design optimization
Minimize crud deposition through coolant chemistry-

control
- Li/B pH control strategy
- Elevated pH at BOC
- Coolant corrosion product management

~

:.

. ..e n - .. < .. ... a n .u n ADA rw>l
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Axial Offset Anomaly
Safety Evaluation

Nuclear Regulatory Commission

7/31/97

J. R. Secker

Westinghouse

Commercial Nuclear Fuel Division

,:.

--- -_
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Safety Evaluation !
,

!

!

Fuel !-

Non-LOCA-
.

1

LOCA i-

4

!

|

!

t

f

2. I-

!
!
.I

- - -.
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Plant Experience

. Reactivity Changes Associated With Axial
Offset Anomaly Occur Slowly

~

Boron Compounds No Longer Present in
Crud On Return to Critical Following Plant

Trip (~12-24 hours)
. Boron Compound Returns to Crud During

Power Ascent

3-
,

.__ __
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.

Plant Experience

. Effect of Small AO Deviations Are Much
Smaller Than Uncertainties / Conservatism
Applied to Safety Analysis Inputs

. AOA Does Not Increase Control Rod Drop

Time
. AOA Has Not Caused Any Plant Trips

1- .

_ _ . . . . _ ._

-
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Conservative Assumptions for
Safety Evaluation

Small Rapid Reactivity Release From Liquid-

Boric Acid Concentrated in Crud
_._

_ qa,c)

of Total Reactivity Associated With AOA-

= - _ n.s>
Release Rate-

_

Observed Plant Behavior Indicates This-

Assumption is Very Conservative
Dissolution of Boron Compound Occurs Slowly-

Enough (Hours) to Not Affect Safety Analysis
Assumptions

5-
,

L
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9

Conservative Assumption for
Shutdown Margin

Assumes Instantaneous Reactivity Addition
Following Plant Trip

Very Conservative Assumption Relative to
Plant Behavior - Dissolution of Boron
Compound Does Not Occur Instantaneously

' - 6
.
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Fuel / Core Analysis
Fuel Related Inputs to Safety Analysis

Most Parameters Are Not Affected and'-

Remain Bounded By FSAR Safety Analysis

Reactivity Coefficients, Kinetics Parameters,
Power Distributions

Parameters Affected:-

Shutdown Margin

Relaxed Axial Offset Control (RAOC) Peaking
Factor Surveillance Factors, W(z)

~

-

;.. ,

( -
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e

!Fuel / Core Analysis

DN RB*

- Crud Has Negligible Affect on DNBR
- Core Limits Remain Applicable for DNB Protection

Fuel Rod Design-

- Most Design Criteria Unaffected

- Corrosion Model Database Includes Plants With
Crud /AOA - Callaway and Millstone 3

'
-

- *(a.c)

- Results in Fuel Temperature Increase at

Intermediaie~ Burnups. BOC Temperatures are Still the
-

,

Highest ~

u~-

--
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Xon-LOCA Accident Analysis 1

All Non-LOCA Events Reviewed-

Most Accidents Not Affected-

- Input Parameters Remain Bounded
=

- HZP Events Not Effected Since Boron Compound Not Present at

HZP
- Beginning of Cycle Events Not Affected Since Crud is Not Present

- Limiting DNB Events Result in Increased Subcooled Boiling - No
Additional Reactivity Insertion

Accidents Sensitive to Transient Reactivity Release.

- Maintain Margins To Safety Analysis Limits

.

9
_

-

-
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Non-LOCA Accidents |

Crud Release

. Rod Withdrawal At Power

. Rod Ejection At Power

:- 10
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Non-LOCA Accidents
Crud Release

Rod Withdrawal At Power
Core Analysis Shows Substantial Margin To
Maximum Reactivity Insertion Rate Without
Crud
Limiting Case is Not Maximum Reactivity
Insertion Rates - Intermediate Rates Show

'

Minimum DNBR
Increased Reactivity Insertion Rate Results in
Earlier Plant Trip

11' -
.

. _ _ _ _ _ _
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Non-LOCA Accidents
|

Crud Release
Rod Ejection At Power-

- Very Fast Transient
- Plant Trip Occurs in 0.1 Sec

- Control Rod Insertion in Core in 0.5 Sec
- Nuclear Power Rise Limited By Doppler Feedback - Thennal

Power Increase is Small

- Small Change in Clad Temperature

- Although There is Little Time for Crud Release to Occur, Event
Was Evaluated Assuming Crud Release From Ejected Rod

Assembly and Surrounding Assemblies

- Bounding Reactivity Insertion And Peaking Factor Limits Still

Met .

12-

,

- m.,
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Loss of Coolant Accidents

Power Shapes Remain Bounded .

Reactivity From Crud Release Offset By Voiding (Large
Break) and Trip (Small Break)

Beginning of Cycle . uel Temperatures Are Stili HighestF-

Since Presence of Crud At Later Burnups Results in Only
a Small Fuel Temperature Increase

_ ,,

on Small Break LOCAMinimal PCT Impact ;

-

No Affect on Large Break LOCA PCT Since BOC is-

Limiting (No Crud)

' o
.-

L --_ _
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Safety Evaluation Summary ;

. Impact of AOA on Fuel And Accident
Analysis Thoroughly Considered>

Key Impacts Are Shutdown Margin And
Power Distribution Surveillance Factors

These Are. Updated For Plants With AOA

. All Fuel /Non-LOCA/LOCA Design And
Safety Criteria Continue to Be Met

. No Adverse Impact on Safe Plant Operation
:- 14

_

.


