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EFFECTS OF RESIDUAL ELEMENTS ON PREDICTED RADIATION DAMAGE
TO REACTOR VESSEL MATERIALS

A. INTRODUCTION

General Design Criterion 31. “Fracture Prevention of
cactor Coolant Pressure Boundary.™ of Appendix A.
Gieneral Design Criteria for Nuclear Power Plants.™ to
‘0 CFR Part 50, “Licensing of Production and Utiliza-

tion Facilities,” rcquires, in part, that the reactor
coolant pressure boundary be designed with sufficient
margin to ensure that, when stressed under operating,
maintenance. testing, and postulated aceident condi-
tions, (1) the boundary behaves in a nonbrittle manner
and (2) the probability of rapidly propagating fracture is
minimized. Appendix G, “Fracture Toughness Require-
ments,” and Appendix H, “Reactor Vessel Material
Surveillance Program Requirements.” which were added
tc 10 CFR Part 50 effective August 16, 1973, to

1. Paragraph IL.H of Appendix G defines the beltline
in terms of a predicted adjustment of reference tem-
perature at end of service life in excess of 50° I para-
graphs I11.C and IV.B specify the additional test require-
ments for beltline materials that supplement the
requirements for reactor vessel materials generally,

2. Paragraph [1.C.3 of Appendix M cstablishes the
required number of surveillance capsules on the basis of
the predicted adjusted relcrence temperature at the end
of service life..In addition. withdrawal of the first cap-
sule (when four or more are required) is to oceur when
the predicted . adjustment of reference temperatufe is
approximately.50° F or at onc-fourth of the service life.
-‘w}ud_:lcw.‘!‘,:h carlier.

~

implement, in part, Criterion 31, nceessitate the predic-1" | '

[

o

tion of the amount of radiation damage to the reactor Ty Paragraph IV.C of Appendix G requires that
vessel of water-cooled power reactors throughout'fts “vessels be designed o permit a thermal anncaling treat-

[

service life. ~ )

vy
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This guide describes general procedures™acceptabletd”
the NRC staff as an interim basis* for.predicting the

effects of the residual elements copper and phosphorus

on neutron radiation damage to the lowalloy steels

currently used for reactor vesscls.
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8. DISCUSSION

Lt I -ty
The principal®cxamples*of NRC requirements that
necessitate Predlftion of radiazion damage are:
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'f&w e S St
*Reseurch "‘i‘l:.d construction cxperience with low-rcsidual-
clement compositions of these steels is accumulating rapidly
and Is cxpecttd to provide a f(irm basis for acceptable

pracedurcs in the ncar future.

“ment il the predicted value of adjusted reference temper-
ature exceeds 200°F during their service life.

4, Paragraph 11.B of Appendix H incorporates ASTM
E185-72 by reference. Paragraph 4.1 of ASTM E185-73
requires that the materials to be placed in surveillance be
those that may limit operation of the reactor during its
lifetime, i.c., those expected to have the highest adjusted
reference temperature oc the lowest Charpy upper-shell
enargy at end of life, Both measures of radiation damage
must be considered.

5. Paragraph V.B. of Appendix G describes the basis
for setting the upper limit for pressurc as a function of
temperature during heatup and cooldown for a given
service period in terms of the predicted value of the
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%P = weight percent of phosphorus.
1f % P < 0.008, use 0.008.

If the value of A obtained by the above expression
exceeds that given by the curve labeled “Upper Limit™
in Figure 1, the “Upper Limit" curve should be used. If
% Cu is unknown, the “Upper Limit" curve should be
used.

As illustrated in Figure 1 for selected copper and
phosphorus contents, the above expression should be
considered valid only for A> S0°F and for f <6 x 10'°
n/em? (E> 1MeV).

Charpy upper-shelf energy should be assumed to
decrease as a function of fluence and copper content as
indicated in Figure 2, within the limits listed below. In-
terpolation is permitted.

Application of the forcgoing procedures should be
subject to the following limitations:

a. The procedures apply to those grades of
SA-302, 336, 533, and 508 steels having minimum
tpecified yield strengths of 50,000 psi and under and to
their welds and heat-affected zones.

b. The proceaures are valid for a nominal irradia-
tion temperature of SSO°F. Irradiation below 525°F
should be considered to produce greater damage, and
irradiation above 575°F may be considered to produce
less damage. The correction factor used should be
justified.

¢. The expression for A is given in terms of
fluence as measured by units of n/em? (E > 1 McV);
however, the expression may be used in terms of fluence
as measured by units of neutron damage fluence,
provided the constant 10'® n/em?® (E > 1 MeV) is
changed to the corresponding value of neutron damage
fluence.

FP.004

d. Application of these procedures to materials
having residual element content beyond that represented
by the current data base should be justified by submittal
of data.

2. For new plants, the reactor wvessel beltline
materials should have the content of residual elements
such as copper, phosphorus, sulfur, and vanadium
controlled to low levels. The levels should be such that
the predicted adjusted reference temperature at end of
life is less than 200°F.

D. IMPLEMENTATION

The purpose of this section is to provide information
to applicants and licensces regarding the NRC sra(f's
plans for utilizing this regulatory guide.

This guide reflects current regulatory practice. There-
fore, ¢xcept in those cases in which the applicant
proposes an acceptable alternative method for comply-
ing with specified portions of the Commission's regula-
tions, the positions described in this guide will be uscd
by the NRC staff as follows:

1. The method described in regulatory pesitior C.|
of this guide will be used in evaluating all predictions of
radiation damage called for in Appendices G and H 1o 10
CFR Part 50 submitted on or after January 15, 1976;
however, if an applicant wishes to use the recommen-
dations of regulatory position C.l in developing sub-
mittals before January 15, 1976, the pertinent portions
of the submittal will be evaluated on the basis of this
guide.

2. The recommendations of regulatory position C.2
will be used in ewvaluating construction pernit appli-
cations docketed on or after January 1S, 1976; however,
if an applicant whose application for construction
permit is docketed hefore January 15, 1976, wishes to
use the recommendations of regulatory position C.2 of
this regulatory guide in developing submittals for the
application, the pertinent portions of the application
will be evaluated on the basis of this guide.

1.99.3
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RETED STATES
RAD-HNAY G, O. . 20068

February 1, 1977

MEMORANDUM FOR: Lee V, Gossick, Executive Director for Operations

FROM: E. G. Casa, Chairman, Regulatory Requirements Review
CommicTes
SUBJECT: SUALRY OF REGULATORY REQUIREMENTS REVIEW COMMITTEE g

MEETING NO. S7, JANUARY 14, 1977

The Commirzee reviewed:

) 38

PROPOSED REGULATORY GUIPE 1.99, REVISION 1, "EFFECTS OF RESIDUAL
ELEMENTS ON PREDICTED RADIATION DAMAGE TO REACTOR VESSEL MATERIALS,”™
and recommended appruval subjéct to the followifis comments:!

a. The footnote on research and construction ~xy sience om page I
of the proposed revision should be expanded to include the
wording concerning the limitations of the guide suggested by
the Office of Nuclear Regulatory Research.

b. The Commirtee characterized paragraphs C.1, .2, and C.4 of
the proposed Regulatory Positiom as Category 3 - backfit required;
and paragraph C.3 as Category 1 - no backfie. oo oo s

PROPOSED REGULATORY GUIDE 1.XX, "ACCEPTABLE MOODEL AND XELATED
STATISTICAL METHODS FOR ANALYSIS OF RUEL DENSIFICATION,” and

found that the proposed Regularory Guide represented an acceptable
model and appropriate wethods for analysis of fuel demsification
effects. Uzilization of such nodels and methods in the licensing
process should be impiemented in accordance with 10 CFR 50.46 and
the related Appendix K 2o 10 CFR 50.44.

DRAFT REGULATORY GUIDE !.XXX, "INSPECTION OF WATER CONTROL STRUCTURES b
ASSOCTATED WITH NUCLEAR PLANT FACILITIES™ (DRAFT "A, DATED f e
SEPTEMBER 17, 1976) and recommended approval subject to the following

comments: ¢

lCommirtee comments refer to the draft distributed at the aeeting daved
January 1977, rathor than the drafr distriduted with 2he agsnda dated
September 1976,

¥fhe Coemittec comments refer to the draft guide distriduted at the
meeting duoted December 146, 1976, rather than the drafe distridured

wi'th

the sgeuds datsd September 17, 16576.

©
2070 6/0
so¢ /q
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a. The Commirtee review of this proposed guide was limited to
its applicability and acceptability with regard ro water contrel
structizes which could affecr radiologiczl safety. The propased
guide should be amended throughout {facluding the zitle) to
ser forth this limitavion.

b. The Committee Ieaves to the staff the development of appropriste
methods and procedures to be utilized for assuring that the
inspection, snrvelllarice, and/or test requirements set forth
in the guide are met by licensees.

The Committee characterized this guide as Category 3 - backfit required.
4.  PROPOSED REVISION 2 TO REGULATORY GUIDE 1.32, "CRITERIA FOR SAFETY
RELATED ELECTRIC POWER SYSTEMS FOR NUCLEAR PONER PLANTS,* and

recoamended approval.

The Commitree characterized this guide as Category I - no backf£iz.

5.  PROPOSED REGIHATORY GUIDE 10.XX, “GUIDANCE ON IMPLEMENTATION OF
REGULATORY GUIDES 70 STANDARDIZED NUCLEAR POWER PLANTS,* and
concluded the following:

a. Guidance on the implementazion of regulatory guides for
standardized nuclear power plants should be incloded in a2 revision
to WASH-1341, rather than in 3 regulatory guide.

b. The present system Sor Committee characterization of the backfir
potential of proposed guides for operating planpts can and should
bo applied to standaruized plants; i.e., Cazegory ! ~ neecd not be
applied to standardired plants; Category 2 - applicabitity to
standardized plants aust be decided by NRR on a case-by-case
basis; Category 3 - must be applied to standardized plants.

The Executive Secretary should develop and circolate for Commitree
comments within 2 wesks 2 proposad revision t¢ the definitions

of backfit categories previously established by the Committes

In Meering No. 31 /se¢e memorandux to L. (. Cossick dated

September 24, 1975) thaz includes these additions concerning
standardized plants, and clarifies, as necessary, the applicability
of Committee-considered guides to custom piants with CPs.

C. NRR {DPM) should develop a program and 2rocedures for implementing
the Committee’s recomwendations concerning hHackfTr Botewtial of -
changes in regulatory requirements to those specific plants mat
haviag an operating license whizh are af€ected.

g

E. G. Caxe, Chatrman
Regulatary Requ:irements Reoview
Committee

TOTAL P.00B




