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Mr. M. £. Mayfield

Division of Engineering

Office of Nuclear Regulatory Ra2search
U.S. Nuclear Regulatory Commission
5650 Nicholson Lane

Rockville, MD 20852

Dear Mr. Mayfield:

Continued Investigation of the Integrity of LWR Vessel Supports

As a followup to our letter to C. Z. Serpan of September 2, 1987,
regarding the integrity of LWR vessel support structures, and in

response to your request, we are describing our plans for continuing
the investigation of vessel supports.

It is our intent to categorize supports by types, select a design that
is believed to be the most susceptible to failure as a result of
radiation degradation, and determine, by detailed fracture-mechanics
analysis, if there 15 at least one LWR plant for which excessive
radiation degradation (embrittlement) of the vessel supports is likely
before the end of design 1ife. With your concurrence we have already
initiated our effort and are at the point of selecting a specific PWR
plant for detailed evaluation of its vessel supports. We believe the
study described can be completed by the end of FY 1988 and look forward

to discussing appropriate budgetary arrangements anu other technical
priorities with you.

Please let me know if we can provide additional information.

W. R. Corwin, Manager
Heavy-Section Steel Technology

Program
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CONTINUATION Of INVESTIGATION OF THE INTEGRITY OF LWR VESSEL SUPPORTS*®

R. D. Cheverton G. C. Robinson
W. R. Corwin

Oak Ridge Nationa! Liburatory
Oak Ridge, Tennessee 37831

1.0 INTRODUCTION

This document identifies the research activities we perceive to be needed 4.
a continuation of our preliminary study' performed on the integrity of LWR
vessel support structures. The intent is to determine if there are any LWF
plants for which excessive radiation degradation of the vessel supports 1
likely before the end of design life. This study will also provide inpu!
for addressing the three goals cited in Ref. 2.

2.0 RECOMMENDED APPROACH

After our earlier preliminary Sludyl and discussions with the nuclear
industry concerning the integrity of LWR vessel support structures, 1t was
apparent to us that a meaningful continuation of the study would require
specific-plant evaluations because of the complex and diversified nature of
support designs. As indicated in the summary (Table 1), a thorough search
of the literature for types and details of specific support designs should
be the first step in our continued effort. This effort has in fact been
under way for some time, and summaries of the acquired information are giver
in Tables 2 and 3 and Figs. 1 through 10,

The next step 1s the identification of one or two support designs that
appear to be the most susceptible to failure as a result of radiation
degradation. With the aid of the nuclear industry, detailed design data
will be obtained for these supports and an analysis performed to determine
the effect of radiation degradation on their permissible lifetimes. The
potential for failure of the supports will be evaluated using fracture-
mechanics methods of analysis and, to the extent possible, will consider (1)
the radiation-damage rate effect deduced from the HFIR surveillance program,
(2) secondary (residual, thermal, etc.) stresses as well as primary stres-
ses, and (3) all credible loading conditions. Radiation damage will be
assessed on the basis of DPA to account for the softer neutron spectrum for
LWR supports relative to those in the HFIR vessel, LWR surveillance speci-
mens, and test specimens in MIR's.

As indicated in Table 1, it is anticipated that the investigation described
herein can be completed by the end of FY 1988 at a cost of -$320 K,

*Attachment to letter from W. R. Corwin, ORNL, to M. E. Mayfield,
NRC/RES, "Proposal for Investigation of the Integrity of LWR Vessel Sup-
ports,* February 8, 1988.



Criteria pertaining to the evaluation of the integrity of the vessel
supports wi'l have to be established as a part of the study In this reqard
there are two points of particular interest (1) should reactor vessel
supports be classified as Class-] structures, and (2) are large-break LOCAs,
involving severance of a main coolant line close to the vessel, considered
credible? According to the ASME Code [Sect. [Il, Subsect. NF-3131 (e)],
‘For Class | piping and component supports, protection against nonductile
fracture shall be provided." Depending upon the interpretation, this might
ymply that the operating temperatures should be well above NDTT. With
regard to the large-break LOCA, the resulting horizontal loads on the vessel
would probzbly be substantially greater than any others considered credible.

As indicated in Table 1, 9 man-months of effort is estimated for analysis of
the one or two structures selected for detailed analysis. This assumes that
ORNL will have to perform essentially all of the analysis. Hopefully, the
designers of the supports (AE's and/or NSS suppliers) will be able and
willing to participate, in which case the ORNL effort could be significantly
less. Preliminary contacts with industry indicate a desire to participate,

but the question will remain open until the specific supports for evaluation
have been szlected.

Selection of one or two specific plants for vessel-support evaluation wil)
not necessirily imply that supports at other plants having the same or a
different category of supports should not eventually be reevaluated. As
indicated 'n Ref. ], there are general concerns about all catgories,
particularly with regard to secondar; stresses that might not have been
considered in the original design anilysis. It is impcrtant to note that a

detarled evaluation of all LWR vessel supports is not within the scope of
this i1nvestigation,

3.0 STATUS OF CURRENT WORK

As mentioned above, our first step is to establish what basic types of
vessel supports exist, and this effort is essentially complete. Tables 2
and 3 summarize the "type" data and indicate the following:

1. All but one of the BWR vessels (Big Rock Point is the exception)
B 4

and 10% of the PWR vessels (all vessels but two) are sup-
ported on skirts, as 1)lustrated in Figs. 1 and 2.

10% of PWR vessels are supported on long columns (Fig. 3).
10% of PWR vessels are supported on shield tanks (Fig. 4).

70% of PWR vessels are supported by short "columns® that extend
down from the nozzles to the concrete biological shield or to a
steel cantilever beam exterding out from the biological shield at
an elevation above the core midheight and in some cases below the
top of the core (Figs. 5 through 8).

The Big Rock Point vessel is suspended by long rods (in tension)
that extend down to the levation of the top of the core (Fig. 9).




SUMMARY OF COST AND SCHEDULE DATA FOR PWR VESSEL SUPPORT EVALUATION PROGRAM
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It
are too far removed from the core to
jegradation,
the core and thus are exposed to relatively high neutron fluxes.
\n categories & and 5 are exposed to intermediate levels of the flux, but in

come cases the fluxes may be nearly the maximum available because of the
rather flat distribution of the flux i1n the axial direction (Fig. 10).

1s tentatively concluded that skirt sunports (40% of all LWR supports)
experience significant radiation
Shield-tank and long-column supports extend the full length of

Supports

Recent studies conducted by industry indicate that the
shield-tank and \ong-golumn supports is not excessively challenged b,
radiation degradation,”'® ard a similar indication was expressed” at a
recent DOE workshop held at Sandia National Laboratory on the topic of
embrittlement of reactor support structures. We are not aware of recent
studies similar to those on shield tanks and column supports for categorie:
4 and 5. Based on data accumulated thus far, it appears that some of these
latter supports include weldments that may introduce significant residual
tensile stress: there are tie-Jown bolts, which, of course, are in tension;
and the rod-suspension (Fig. 9) and cantilever (Figs. 7 and 8) designs
introduce bending and thus teénsile stresses. It may be that shield-tank
and/or long-column supports will prove to be no less susceptible to failure
as a result of radiation degradation. However, we have tentatively con-
cluded that categories 4 and 5 should be considered first for selection of
specific plants for a detailed evaluation of the vessel supports. These twc
categories include -47% of all LWR's, but witnin this category there 15

considerable variation in support detai) design and proximity of support to
the core.

integrity of the

As mentioned above, selection of one or two categories of supports for

specific-plant analysis does not imply that others should not be evalujted
in 1ight of the new embrittlement data from HFIR,

4.0 REFERENCES

1. R. D. Cheverton, ORNL letter to C. Z. Serpan, NRC, *LWR Vessel Sup-
ports,” September 2, 1987,

2. Victor Stello, Jr., NRC letter to William Kerr, Chairman, ACRS, "ACRS

Coments on the Embrittlesent of Structural Steel in Reactor Support
Structures,® January 28, 1988,

3. Personal communication between R, D. Cheverton, ORNL, and T. J.
Griesbach, EPR].

4. Personal communication between R, D. Cheverton, ORNL, and D. J. Ayres,
CE.

§. (. F. Bergeron, Stone and Webster, "Neutron Shield Tanks," presented at

the DO Plant Lifetime Improvement Program, Albuquerque, Sept. 15-16,
1987.
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Table 2.

Kasic Types of 3

uppurt for LWK Vessels

Tvpes of Support

Power Type
No Station of PP Lons Shield Short
Name Plant o Coluen Tank Colunn Susprnsion
1 2 3 4 b
: Arkansas Nuclear Unit | PWR 1
2 Arkansas Mclear Unit 2 R 2
3 Beaver Valley Unit | PuR 3
. Big Rock Point Unit | BWR 5
2 Browas Ferry Unit | BWR
b Browns Ferry Unit 2 BWR \
: Browns Fferry Unit BWR i
¢ Brunswick Unit 1 BWR 1
) Brunswick Unit 2 BuF ]
e Byron Unit 1 PR 4
i Callawvay Unit | PR 4
id Calvert Cliffs Unit | PR 4
i3 Calvert Cliffs Unit ¢ Pk 4
14 Catawba Unit | PWR 4
15 Cook Unit | PR 4
i% Cook Unit 2 PR 4
17 Cooper Station BWR 1
A Crystal River Unit 3 PWR i
s | Davis-Besse Unit | PuR 4
W Diablo Canyon Unit | AR &
. Diable Canyon Umit 2 PWR 4
b - Dresden Unit 2 BWR 1
= | Dresden Unit 3 BWR 1
24 Duane Arnold BWR |
29 Farley Unit 1 PWR "
26 Farley Unit 2 AR 4
o Fitzpatrick BWR 1
28 Fort Calhoun Unit 1| PR 4
29 Fort St. Vrain GCR Not Applicable
30 Ginna PR 4
31  Grand Gulf Dmit 1 BWR 1
32 Haddaa Neck PR 4
33 Hatch Unit | BWR 1
14 KHatch Unit 2 BWR 1
35 Indian Point Unit 2 PWR 4
s Indian Point Unit 3 MR 4
3 Kewaunee PR 4
38 La Crosse BWK i
L La Salle Unit | BWR )
«0 La Salle Unit 2 BwR l
«! Limerick Unit 1 BWR 1
42 Maine Yankee MWR 3



Table 2., (Continyerd)

——— o —— - —————

Tvpes of Support

Power Type
No. Station of Long Shield Short
Nape Plant irn Column Tank Colupn Suspension
1 2 3 4 S

43  McGuire Untt | PWR 4

4w McCuire Unit 2 AR

3 Millstone Unit | BWR 1

4%  Millstone Unit 2 PR 4

“’ Yonticello BWR l

48 Catawba Unit 2 PWR 4

«9 Hope Creek Unit | BWR 1

50 Millstone Unit 3 R 3

51 Nine Mile Point Unit 1 BWR |

52 North Anna Unit | PWR 3

53 North Anna Unit 2 PWR 3

S Oconee Unit | PR 1

9% Oconee Unit 2 PWR 1

56 Oconee Unit 3 PR 1

$7 Oyster Creek Unit | BWR 1

58 Palisades PWR 4

$9 Palo Verde Unit | PWR 2

60 Palo Verde Unit 2 PWR 2

6! Peach Bottom Unit 2 BWR 1

62 Peach Bottoe Unit 3 BWR 1

63 Pilgris Unit 1 BWR 1

O« Point Beach Unit | PR 4

65 Point Beach Unit 2 PuR 4

66 Prafirie 1sland Unit | PWR 2

6?7 Prairie Island Unit 2 PR 2

68 Quad Cities Unit 1 BWR 1

69 Quad Cities Unit 2 BWR 1

70 Rancho Seco Unit | PWR 1

1 River Bend !Unit | BWR 1

72  Robinson Unit 2 PR 4
' 73  Sales Unit | PR B

74 Sales Unit 2 PR 4

15 San Onofre Unit 1 PWR 217

76 San Onofre Unit 2 PR 2

17 San Onofre Unit 3 PWR 2

78 Sequoyah Unit | PWR 4

79 Sequoyah Unit 2 PR 4

80 St. Lucie Unit | PWR 2

gl St. lucie Unit 2 PR 2

82 Supser Unit | PWR 4

83 Surry Unit 1 PWR 3

84 Surry Unit 2 PR 5
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(Cont inued)

Types of Support

Power Type
No. Station of Long Shield Short
Nane Plant  *'''  coluen Tank Colupn Suspension
1 2 3 B 5
-5 Susquehanna Unit | BwR
g Susquehanna Unit BWR
8’ Three Mile lsland Unit | PWR
88 Trojan PWR
89 Turkey Point Unit 3 PYR
p 4N Turkey Point Unit & PR
9l Vermont Yankee Unit | BWR
9: Washington Nuclear Unit 2 PWR
93 Waterford Unit 3 PUR
94 Wolfe Creek Unit | PWR
L 5. Yankec=Powe Unit | PWR
9r 2ion Unit 1 PR
97 2ion Unit 2 Pak
s Vogtle Unit 1 MR
99 Vogtle Unit 2 PUR
- elfe Beaver Valley Unit 2 PR
101 Bellefonte Unit | PUR
 { i Bellefonte Unit 2 PR
103 Braidwoud Unit | "R
10« Braidwood Unit 2 PWR
105 Byron Unit 2 PWR
10 Clinton Unit | PR
107 Comanche Peak Lnit | PWR
108 Comanche Peak Unit 2 PWR
109 Fermi Unit 2 PWR
110 Grand Gulf Unit 2 PWR
111 Limerick Unit 2 PWR
1 - Nine Mile Point Unit 2 PR
113 Palo Verde Unit 3 PWR
114 Perry Unic | PWR
115  Perry Unit 2 PR
11s Seabrook Unit | PR
117 Seabrook Unit 2 PWR
11¢ Shearon Rarris Unic | PR
119 Shearon Harris Unit 2 PWR
) -4 Shorehas PWR
121 South Texas Unit | PWR
b South Texas Unit 2 MR
i3 watts Bar Unit PWR
fas Watts Bar Unit 2 PR
125 Washington Nuclear Unit 1 BWR
128 Washington Nuclear Unit 3 PWR
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WASHINGTON, D. C. 20886
July 15, 1987

Mr., Victor Stello, ur.

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D,C, 20555

Dear Mr, Stello:
SUBJECT: ACRS COMMENTS ON THE EMBRITTLEMENT OF STRUCTURAL STEEL

Surveillance samples of steel used in the pressure vessel of the High
Flux lsotope Reactor (HFIR) at the Qak Ridge National Laboratory re-
cently have shown that the n11-qgct11ity transition (NDT) temperature
of steel irradiated slowly at 120°F can rise much more rapidly with ex-
posure to fast neutrons than would be expected from the available
experimental work obtained in test reactors. Thie appears to be due to
two causes:

- a flux rate effect (A lower fast neutron flux embrittlec more than
the sau§ fluence accumulated at a much higher flux in test re-
actors,

- the difference in temperature (550°F for commercial reactor pres-
sure vessels vs 120°F for the KFIR)

This has led t~ a significant shift in the NDT of the steel at a fast
neutron fiuence lower by roughly a factor of 20 than that predicted by
the correlatiors used in the past for low temperature irradiations.
This acceleration is independent of the copper content of the material.
This suggests that steel structures outside the pressure vessel fin
commercial nuclear power plants may have embrittled where such behavior
was not expected, We believe it would be prudent for the NRC to do the
following:

1. Determine if the brittle failure of any structura) steel component
near the outside of the primary pressure boundary would have safety
significance.

2. Determine, using the low temperature irradiation data now available
from test reactors, whether an increase in the fast neutron fluence
by a factor of 10-100 would be predicted to give brittle behavior
in these components,

3. Impleme:t a research program which would assemble better informa-
tion on the rate of shift of the NDT of structural steels in
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Mr, Victor Stello, Jr, -2 - July 15, 1987

commercial nuclear power plants at these lower rates and tempera-
tures.,

Include consideration of the accelerated shift in NDT as part of
the evaluation of structures in the program or plant aging,

Sincerely,

UKern_

¥illiam Kerr
Chairman
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MEMORARDUM FOR: Dr. William Kerr, Chairmar
Advisory Committee or Reactor Safequards

FROM: Victor Stellc, Jr.
Executive Director for Operations

SUEJECT: ACRS COMMENTS OM THE EMBRITTLEMENT OF STRUCTURAL STEEL

Your letter of July 15 on low temperature low-dose-rate irradiation of reactor
structural steels ccrrectly focused on the inportant issue emanating from the
HFIR study that applies to operating commercial LWPs. That issue is whether
the appearance of a dose rate effect for low temperature irradiation
translates to a possible urexpected increase in the embrittiement of reector
vessel support structures (RVSS) that coula puse a probler for safe continued
operation cf LWRs, We have therefore initiatec actions to assemble
information and make such analyses as necessary tc make this assessment, The
essential elements of the effort are shown in the enclosure. We have essigned
the Heavy Section Steel Technology Progrem staff at Oak Pidge overell
responsibility for the work, with important contributions tc te providec by
Argonne Nztional Laberatory in the determirction of mechenicel properties of
the Shippinepert reactoer neutron shield tank.  Within NRC, the Office of
Nuclear Reguistor, Research will manace the effort., Cak Ridge believes that
they cér provide us with an initial respcrse on the analysis porticn of the
work by September 4, with a more complete respcnse by the erd of September.
e are proceeding to obtain material from the Shippingport reactor shield tank
for validaticrn as rapidly as the cperations schecules at the reaclor site will
allow. Presently, we telieve that it will require several additional months
to gain access to the reactor anc retrieve the material for machining and
testing. Thus, the validetion part of the effort .culd be delayed until the
end of the year. In summary all the issues rafced in your letter will be
considered in the conduct of this safety assessment. I will be in direct
communication with you concerning the results of the work.

Your letter helps to focus some assessments currently being made by the staff
on embrittlement characteristics of those materials for aging and for extended
service 1ife. While we have been aware for many years of the higher embrittlie-
ment for cteels irradiated at lower temperatures as was the HFIR vessel, it is
only more recently that we have also begun to observe higher rates of
embrittlement for vessel steels frradiated for longer times at lower dose
rates. For example, only power reactor surveillance data are now being proposed
as the basis for trend curves in Regulatory Guide 1.99, Revision ¢ "Radiation
Embrittlement of Reactor Vessel Materials" because they are a distinct body of
data separate from test reactor deta, and because they show more embrittlement
than the test reactor data. Also, data obtained tc date from the cooperative
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RADIATION EFFECTS ON REACTOR VESSEL SUPPORT STRUCTURES (RVSS)

Cbjective: To make a rapid assessment if there is a safety problem with
RYSS subject to neutron radiation in consideration of a dose rate effect and
low temperature irradiation,

Technical Issues:

Flux and fluence in RVSS areas currently and at EOL

Materials and mechanical properties of RVSS

Embrittlement trends of RVSS materials

fctimated dose rate effect and application to RVSS embrittlement trend
Stresses and loadings on RVSS in normal operation and accidents
Consequence to safety and safe shutdown of brittle failure of RVSS

Experimental Validation:

Measure embrittlement of Shippingport shield tank material
Absolute NDT temperature
Transition temperature increase (using exterior tank material
for reference)
ldentify material composition and detailed chemictry
Determine fluence, flux and exposure history
Assure irradiatior temperature

Integration and Assessment:

Combine material embrittlement trencs with accident loadings to predi.t
possible fracture of RVSS, ana cetermine if such i.'lure has an impact
on safety and safe shutdown., Validete calculations and predictions

using Shippingport meterial and data.

nitia) Technical Assessment =~ ORNL September 4, 1987
Final Technical Assessment September 30, 1987
Shippingport Validation Date - ANl December 31, 19&7




et bmeiiesire

September 2, 19¢7

Mr. C. Z. Serpan, Jr.

Division of Engineering

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
5650 Nicholson Lane

Rockville, Maryland 20852

Dear Mr., Serpan:

LWR Vessel Supports

In response to your request of July 30, 1987, via telecon, a task force was
assembled to determine whether the higher-than-expected radiation darmage
rate of the HFIR vessel is a matter of concern with regard to the analysis

of LWR vessel supports. A preliminary study has been completed, and the
results are summarized herein.

The preliminary study included the following efforts:

1. Solicitation of help from BAW, CE, Westinghouse, EPRI, MEA and Beh
Odetts.

2. Examination of FSAR's.
3. Searc. for repoirts on vessel supports.

4. Acquisition of multigroup fluxes for cavity Dbetween vesse! ard
biological shiels

5. Extrapolation of HFIR embrittlement data to LWR vessel supports.
6. Estimation of loads and stresses associated with vesse)l supports.

7. Application of above information to a preliminary assessmert of the

impact of the HFIR embrittlement data on zhe analysis of vessel
supports.

At this time we have received information from B&W, EPRI, MEA and Odette.

Multigroup _(26-group) fluxes for the cavity were available ‘rom
Tsoulfanidis® (University of Missouri) for ANO-1 (cycle 4, B&W), ANC-2
(cycle 4, CE), and McQuire-l (cycle 1, W) and from Williams¢ for a GE
reactor (Tables 1-8). These fluxes correspond to the mid-height of the core
and to, or nearly to, the maximum azimuthal position. The cycle-d loacings
for ANO-1 and ANO-2 are "low-leakage" and thus "low-cavity-flux" loadings.
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A typical axial dastr1b§~ ion in the vessel wall for the fast flux (€ > 1
MeV) is given in Fig.

The somewhat unique features of the HFIR vesae with regard to radiation
embrittlement are the low flux levels (10 -10 cmé-s) and low temperature
(~120°F). Comparison of the HFIR surveillance data with data for the same
material (A212B) irradiated in the ORR at ~130°F, and with low-temperature
test-reactor data compiled by Hawthorne, indicates a substantially greater
embrittlement rate [aNOT/fluence (E > 1 MeV)) in WFIR than in the ORR and
other test reactors. As shown in Figs. 2 and 3, the rate factors are ~10
and 20, respectively. As discussed in Ref. 4, the fast spectrums for HFIR
and the other test reactors are Xsson:ia11y the same, but the HFIR vesse!
fast flux is about a factor of 10“ less than for the test reactors involved.

Thus, the cifference in embrittlement rate is tentatively attributed to a
rate effect.

As illustrated in Ref. 5, because of inelastic scattering in the vessel wall
the fast spectrum in the cavity of an LWR is much softer than that in the
core region of test reactors such as the ORR anc at the irside surface of
the LWR and HFIR vessel walls. Thus, as indicated by Odette, it was more
appropriate to correlate the embrittlement data with dca than fluence.
Using the above multigroup fluxes and a set of dpa cross sections, QOdette
calculated the reactor cavity dpa reaction rates (Table 2,4,6 and 8). This
was done assuming, of course, that a vessel support existes in the cavity
but ignoring the flux perturbation in the support.

A typical dpa rate for a HFIR-vesse! surveillance specimen is 3 x 10713
doa/s (ng 4, Appen 1x B). This gompares with LWR vessel-cavity values of
7 x 10742, 5 x 10°1¢ ana 6 x 1074% for the B&W, CE, W and GE
reactors respect1vely. being considered. Thus, the rate effects for the C
and W reactors would tend to be less than for HFIR. Of course, for vertical
positions away from mid-height of the core, for which these values apply,
the rates are less and thus there is some position where the rutes are the
same. Even sn, the total dpa, and thus damage, would be less.

Another comparison that must be made between the HFIR vessel and the LWR
vessel supports is the normal operating temperature. As mentioned above,
the HFIR vessel (and also the surveillance specimens) operate at ~120°F.
Many of the LWR vessel supports also operate at about this temperature.

Thus, it appears that at least to some extent the HFIR-vessel surveillance
data are applicable to the LWR vesse! supports.

To obtain an estimate of aNDT for the LWR vessel supports, Odette compiled a
set of aNDT vs dpa data for materials Jjudged to be similar in radiation
embrittlement behavior to the support materials and which were irradiated in
test reactors at temperatures <200°F, He defined mean and upper-bound
curves, and then, using the dpa rates in Tables 2, 4, 6 and 8, calculated 32
EFPY values of aNDT for no rate effect and a rate effect obtained by multi-
plying the abscissa of his aNDT vs dpa plot by 107%. For trase vertical
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locations corresponding to dpa » 3 «x 10'13. the &NOT values tend to be an
overestimate because, presumably, the rate effect would be less.

Results of Odette's estimates are presented in Table 9. As indicated, the
shift in NOT for the BWR is very smal) but for the other is quite large
(175-220°F for B&W; 380-450°F for CE and W) when the rate effect is
included.

Assuming that the ASME K;. vs T - RTppr curve is appropriate for the vessel-
support materials, it s apparent that with ¢the indicated rate effect
included, the supperts, if located within the active height of the core will
be on the lower shelf of the fracture-toughness curve. Thus, the maximum
permissible applied K; value is ~30 ksi JTn.

As indicated in Appendix A, ' ~re are numerous vesse) support concepts and
designs. The long-=column and s eld-tank supports extend the length of the
core anc thus are exposed to the maximum fluxes, while skirt designs (GE and
BAW) and some of those for which the nozzles effectively rest on the
concrete biological shield preclude large doses in the supports. [t appears

that the NOT shift for these latter supports is negligible, but for the
former it is not.

A stress analysis of the supports receiving significant dose is beyond the
scope of this preliminary tudy., However, ORNL performed a simplified
analysis for a typical shield-tank-type support. The results indicated that
the "“otal" stress:: associated with a “static" 0.2 g seismic event would
still be compressive. However, tensile stresses corresponding to a large-
break LOCA c¢iuld be substantia'. [t is our understanding, though, that a
large-break LOCA is not consicered credible.

The ORNL calculations did not include therma! streses due to possible
steady-state temperature gradients in the supports (550-100°F) or resigual
stresses in welds that might not have been stress re'ieved. These stresses
cin be substantial and must be considered.

In summary, it is clear that plant-specific data are required for an
accurate evaluation of the potential for LWR vesse) support failure. If
supports inftially have high tensile stresses due to bending (cantilever-
type supports), thermal gradients and/or welding, there could be a problem
17 the estimated large shifts in NOT apply to these particular plants.

Sincerely,

Lise'r
R. D. Cheverton

ROC:spf
Attachments (2)
cc: See page §
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Calculated neutron enerzy spectira

for BN (ANS=)) Reaztor

3=D DOT FLUX (n/cmz-s)

In Front At T/4
Group E upper of PV of PV In Cavity
(MeV)
\ 1.733+01 2.699+07 1.258+07 5.17505
2% 1.,221+01 6.543+07 2.940+07 1.061+06
3 1.000+01 2.7463+0F 1,205+08 3.6944+06
A 7.,408400 7.879+08 3.242+08 7.908+06
b 4.9266+00 1,133+09 4,882+08 1.,348+07
6 3.012+00 7.621+08 3.822+08 1.264+07
7 2.466+00 3.448408 1.794+08 5.967+06
8 2.307+00 1.376+09 9.010+08 3.893+07
g 1.653+00 2.000+09 1.688+09 1.176+08
10 1.003+00 1.108+09 9.9564+08 1.036408
11 7.427-01 1.863+09 2.3144+09 3.613+08
12 4.979-01 2.052+09 3.036+09 5.289+08
13 2.972-01 1.171+09 1.214+09 2.908+08
16 1.832-01 1.23509 1.643+09 3.327+08
15 1.111<01 8.378+08 1.303+09 2.556+08
16 6.738-02 8.851+08 6.444L408 1.953+08
4 J.183-02 1,820+08 7.730+07 2.832+07
18 2.606-02 3.043+08 4,703+08 1.094+08
19 2.418-02 6.040+08 6.465+08 2.004408
2 1.503-02 6.938+08 3.110+08 1.652+08
2l 7.102-03 2.697+09° 1.528+09 4.918+08
22 4,8540-04 1.4859+09 8.032+08 2.364+08
23 1.013-04 3.968+09 1.807+09 4.,823+08
A 1.855<06 1.272+09 3.777+08 1.309+08
25 4,140-07 9.277+09 2.232+08 5.184+08
25 1.000-11
/’
Total J.641+10 2.152+10 4.613+09
Table 2. 4-Group Fluxes* for B&W (ANO-1) PWR
Energy
Group Range 0T 1/47 Cavity
| 1 1.0 MeV = 17 Mev .186 192 04
| 2 0.111 MeV = 1,0 Mev . 204 428 i TA
| 3 0.4 eV = 0,111 MeV « 399 «370 L6598
4 1075 eV « 0.4 eV . 255 010 12
|
doa/s 1.061E-11 — 7.,233:-02 6.8.5E-

*roraalized to unity




Cilc..atec neutron energy spectra for Cosbusion Engineering (ANO=2) Reac:or

3=2 DOT FLUX (n/ea"'s)

In Front At T/4
Group € upper of PV of PV In Cavity
(MeV)
1 1.733+01 7.373+0% 3,189407 1.622+06
bl 1.221+01 2.330+08 9.728+07 6.384+06
3 1.000+901 1.265+09 5.148+08 1.990+07
o 7.608+00 4.565+09 1.724+09 5.359+07
b 4,966+00 7.486+09 2.910+09 9.773+07
6 3.012+00 $5.313+09 2.383+09 9.108+97
7 2.6466+00 2.438+09 1.129+J9 4.,406+08
8 2.307+00 9.928+09 $.725+09 2.754+08
9 1.653+00 1.492+10 1.104+10 8.080+08
10 1.003+00 8.237+09 6.5600+09 7.108+08
11 7.427-01 1.460+10 1.602+10 2.258+09
bl 4.979-01 1.567+10 2.041+10 J.328+09
13 2.972-01 8.603+09 8.400+09 1.932+09
is 1.832-01 9.282+09 1.138+10 2.164,09
15 1.111-01 6.773+09 8.073+09 1.585+09
16 6.738-02 6.212+09 4,538+09 1.320+09
17 3.183-02 9.359+08 4.206+08 2.006+08
18 2.806-02 2.570+09 3.218+09 7.005+08
19 2.418-02 4.219+09 . 4.4696479 1.329+09
20 1.503-02 4.580+09 2.194429% 1.119+09
2! 7.102-03 1.829+10 9.711+09 3.355+09
22 4,5640-24 9.975+09 4.705+09 1.626+09
23 1.013~-04 2.731+10 1.172+10C 3.458.09
24 1.825-06 8.374+09 2.297+09 9.823+08
25 4.1460-07 5.962+10 , 1.753+09 4.648+09
26 1.000-11
27
Total 2.516¢11 1.415+1! 3.254+10
fﬁ Table 4. &4-Group Fluzes for C: (ANO-2) Reactor ]
l
Energy
Group Range 0T 1/47 Cavity
1 1.0 MeV = 17 Mev . 184 18 055
| 2 0.111 MeV = 1,0 Mev 0224 A 319
| 3 0.4 eV = 0,111 Mev . 355 V361 (483
| & 10°% oV - 0.4 eV 237 012 de3 |
|
doa_s T Uk Rl - Sw¥lei. 4,975
hodhrt* foobert | ste 9 JN5 s
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Table 9

Transition Temperature Shift. Estimates for 32 EFPY Operat:on@?d:ﬁﬁs}

L
Vendor Nom./Max. dpa AT (C)! AT (¢©)
BW Nom. 6.9x10 ¢ 0 80
Max . g 103
GE Nom. 6.3%x10 ° 0 0
Max. 0 9
W Nom. 4.7x10°° 6% 195
Max . 90 230
CE Nom. 5.0%x10 ? 70 200
Max 95 23¢

1) Without flux correction; 2) With flux cerrection.



= ' LN Table 8, L=Group Fluxes® for GE Reactor S
| . l
|

Energy Core Mid-
Group Range Boundary  Downcomer OT 1/41 Cavity
2 0.111 MeV = 1.0 MeVv 314 .099 123 419 313
} 006 .V - o-lll He\' "60 0237 0235 " 0333 .‘78
| & 105 eV = 0.4 eV 130 S15 e84 014 129
dpa’s 6.909E-13 &4.303E-13 6.335E-14

*normalized to unity




& .
s80 @ ‘/.

Ca.z.lated neutron esergw spestra for Weszingh
MeQuire Unit I, Crele |

!

ouse Reaz:or

In Frorn: At T/4 In Cavity
Group E upper of PV of PV R=323.83 ¢
(MeV)
l 1.733+01 5.062+07 2.105+07 3.02040%
P 1.,221401 1.567+08 6.2649+07 7.764405
3 1.000+01 8.316+08 3.236+08 3.293+06
4 7.408+00 2.893+09 1.048+09 8.135+06
b 4,966+00 4.424+08 1.662+09 2.014+07
6 3.012+00 3.001+09 1.331+09 2.193«07
? 2.466+00 1.360+09 6.255+08 1.135+07
8 2.307+00 5.295+09 3.126+09 9.912+07
9 1.653+00 7.603+09 5.901+09 4.448408
10 1,003+00 4.142+09 J. 448409 4.51008
11 7.427-01 £.947+09 8.317+09 2.545409
12 4.979-01 7.404+09 1.087+10 4,565+09
13 2.972-01 4.2984+09 4,316409 2.649409
is 1.832-01 L.4684+09 6.069+09 3.419409
15 1.111=01 3.380409% 4.375+09 2.604+09
! $.738-02 3.362+09 2.360+09 2.024409
? 3.183-02 6.466+08 2.369+08 3.792+08
18 2.606~02 1.153+09 1.697+09 1.450+09
19 2.418-02 2.209+09 2.410409 2.812+09
d 1.503-02 2.657+09 1.170+09 1.946+09
21 7.102-03 1.016+10 5.142409 5.942409
22 4.540-04 5.600+09 2.5474+C9 2.867409
23 1.013-04 1.473+10 5.865+09 5.993+09
24 1.855-06 4.670+09 3 1.15108 1.680+09
25 &.140-07 3.382+10 7.968+08 7.164+09
26 1.000-11
27
Total 1.353+11 7.487+10 4.894+10
|
Table 6. 4-Group Fluxes+* for W Reactor
Energy
| Group Range oT 1/47T Cavity
|
|
1 1.0 MeV = 17 MeV 184 . 188 13
| 2 0.111 Mev = 1.0 Mev . 202 L o) 2%%
3 0.6 eV = 0,111 Mev 359 + 360 S8’ |
{4 10°% eV = 0.4 ev . 250 011 ik

dsa's NT

¥roraaiized o unis
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APPENDIX A
DESCRIPTION OF REACTOR VESSEL SUPPORTS

The following btrief description of reactor vesse! supports is premises
on the description provided in the Final Safety Analysis Reports.

General Elactric BWR Plants

Two of the early General Electric plants suspended the reactor vesse)
from the shield wall; that is, Big Rock Point and Humboldt Bay, as shown in
Fig.-A.1. A1l subsequent General Electric plants that were reviewed used
skirt support arrangements typically as shown in Figs. A.2 through A.5.

Babcock a~4 ¥ilcox PWR Plants

Early B&W reactor vesse! designs incorporated skirt supports as shown
in Fig. A.6. Later plants incorporated the design features shown for the
B&W standard plant; that is, Babcock 241, shown on Figs. A.7 and A.8. In
the B-bcock 24 arrangement the weight and vertical loads are transmitted
from the vesse! nozzles to structural weldments resting on the shield walls.
The horizontal loads are resisted at two elevations &y structural weldments
mounted on the shield wall, The structural weldments are cesigred to permis
convection cooling in order that the portion in contact with the shield wull
not exceed approximately 150°F. The AE support for 2atcock 241 type plants
may depart considerazly from that shown irn Figs. A.7 and A.8. For example,
the Da'is Besse plant uses cantilevered “eam bdrackets to support the reactor
vessel at four nozzies shown in Figs. A.9 and A.10. Similarly, the
Bellefonte plant uses a haunch (structural weldment or reinforced concrete)

canti-levered out from the shield wal) under the reactor vessel nozzles as
shown in Fig. A.ll.

Combustion Engineering PWR Plants

A1l of the CE plants support the reactor vesse! from the nozzles with a
welded pad arrangement similar to that shown in Fig., A.12. The receiving
support design varies depending on the AL designing the plant. For example,
a structural weldment on a haunch cantilevered from the shield wal!l is shewn
in Fig. A.13 for Palisades; a neutron shield tank sugport is shown in Fig.
A.14 for Maine Yankee; a stru-tural weldment on the shield wall is snown in



Fig. A.15 for Calvert Cliffs 1 »-d 2; a structura’ weldment in a pocket of
the shield wall is shown 1n Fig. A.16 for Millstone Point; and columns
underneath the nozzles extending to the shield floor are shown in Fig. A1
for WPPS 3 and § and in Figs. A.18 and A.19 for Arkansas Nuclear 1. The

column arrangement 1is that depicted by the CE Systce 80 support arrangement
shown in Figs. A.20 and A.21.

Westinghouse Electric PWR Plants

The Yankee Rowe reactor vessel used support lugs welded on the
cylindrical shell below the nozzles to transfer vertical loads to the shield
wal) as shown in Fig. A.22. Subsequent designs used welded pads on nozzles
as load points as shown in Fig. A.23. The receiving support designs are
widely divergent depending on the AE dcesigner, Maine Yankee and Surry,
Figs. A.24 and A.25, wuse neutron shield tanks ror vesse! support. Canti-
levered beam brackets embedded in the shield wall are used for Turkey Point
3 and 4 as shown in Fig. A.26. A variety of structural weldments that
transfer loads from the nozzles to the shield wall are shown in Figs. A.2?
through A.32. It is generally implied for these designs that the rebar ir
the reinforced concrete of the snield walls resists the imposed horizontal
loads. However, Seabrook, Figs. A.3C an¢ A. 31, used a structural steel ring
girder anchored to a step in the shield wall to resist directly the hori-
zonta) loading. In all of the cesigns shown in Figs. A.27 through A.33, the
structural elements are openly arrangel to permit corvection cooliag for
protection of the reinforced concrete so that a temperature gradient from
approximately 550 to 150°F exists in the structure. These designs reflect

the features shown in the Westinghouse SNUPPS standard design shown in Fig.
A.33.



Sectupa 5
Chapter |

Page 40
FIGURE 5-1-10

INSTRUMENT NOZILE g

STEAM OUTLET NOZILES

INSTRUMENT NOZILE .

ACCESS PORTS

/—m:usmn TANX

y & BAFFLE PLATE

EMERGENCY COOLING SPARGE?

| 15T

0.
g g YESSEL SUPPORT

TOP GUICE

CONTROL RCO

THCRMAL SHIELD

INLET OIFF!'SER

WATER INLET =~

CONTROL ROD DRIVE NOZILE

A

k-
g 24

— FUEL BUNDLE

QRIFICE

NEACTOR VESSEL SCHEMATIC 4 .
G &
o. 24P

GUIDE TUBE & FUEL CHANNEL

N POISON INLET

——— CORE SUPPORT PLATE

IN-CORE FLUX MONITOR NOZZLE



Bt A by Pl W b S )

Y ’
‘.4..”J,.2.,.m

S B30 )7

$3ITVZZON GNY T13SS3A ¥01DV3s LA waDQ_‘u

-

111

e R I

(i

P

JMH m«ﬂl m ” - : qll

|- 73. briihe

i

' e

o
) ™
o~
ol
-t
y
k.
or|
el e b I B 054

rﬁl
[
3
ii
L3k
A
r
I
PRRTTY

|
i
4
b
feats

Ji{} '
B35
L

¥ eg'h

&
4

T
=3
i
s

i

e vngl e 1 !Tc
B — T — " ——— W - !
o v s Fame ov Swen— -
S G — — —— ——— —— — {
—— - - ve— arvsc e +
) (—_—
+

T T —— s N —— —
. — —— g W o —— W — —

o
+
4
+
+
1
+
4
+
+
+
+
t
-
+
+
4
+
4
w
4
4
v
1
- a2

R e SRR ——

N RV OV oL Loe
E.»!.au:u>-3— yvan LU A BaR4 .|Ll|¢|¢t‘l1ﬂl L




LLLE B

: =1f> :
> - © weda ok
e - \ X -
s - == gl
3 $ === 5>
: = ) $ e
e
_. Nﬁ 1 2] e T
e =7 ==
I T X = > |
—t g""‘*iﬁ.: l
N |
== ?5‘39‘1 I
‘ iy f ‘ I ‘
LU &
: | / R N
\ I m“‘-.." = rar M tare \: - " -
~ i 1 “l u : 3| h | '
s a&wsﬂ—‘l M BROYKS PERET MUCLEAR PLAKT
:: _J a a FIMAL SAPETY AMALYUS REPO
2 3 p)

Ronctor v wame'
FQURE 42
(Ravinad by Amandon 11)

Deeint 257 *60

FlrEeeEAS




GESSAR 11 9
238 NUCLEAR ISLAND zggv?°g

VENT AND MEAD SPRAY

STEAMDRYER
LIFTING LUG

STEAMOAYER
/— ASSEMBLY

STEAM OUTLET
STEAM SEPARATOR
ASSEMELY
|
| - FEEOWATER INLET
CORE SPRAY INLET @D—/
! FEEOWATER
SPARGER
LOW PRESSUAE 200 LANT , s ‘\
INJECTION INLET - CORE SPRAY LINE

CORE SPRAY SPARGER

TO® GUIOE (

JET PUMP ASSEMBLY : » \con! SHROUD

i ! '
i e ‘.:: X \
FUEL ASSEMBLIES —mm e | RRE Y CONTROL 8LADS

g;f:.
CORE PLATE
JET PP
RECIACULATION N RECIRCULATION
WATER INLET WATERQUTLETY
/ 0.:
VESSE L SUPPOAT SKIAT =" | |3 ¢ By, SHIELD WALL
//‘
CONTROL ROD DR IVES meee" | .
L] \crmmo; ROO DRIVE
HYDRAULIC LINES
INCORE FLUX MONITOR
Figure 3,9.8, Reactor Vessel Cutaway (

~
3.9-520 £l el H<Z




OESCAI

GESSAR I1I :
238 NUCLEAR ISLAND

PTION OF STRESSES RESULTING FROM CONNECTION OF RPY TO PECESTAL

PECESTAL MOUNTING PLATE

>
3’4" 9 wores
(120 mEQ'D)
NOTE
FRICTION TYPE JOINT S
USED MININUM PRETENSION
2 PER BOLT 1S %10 xiPS
A\ o MAXIMUM PRETENSION
v'q ~ Ti4 KIPS
: 3@’1 2
‘ .
A ©
‘e \ s -
0 * 4
. 5
/
",’u
: 134.9° L
- / s 38 BuNAC 24 STUD
SRIRT FLANGE 2" LONG (120 REQ' D)
HEAYY MEX NUT
PART AL PLAN OUNC 28 t('P'V’)
RPY SKIRT s A s b Ak &
FLANGE \ WASHER 61 3'g% 3, J
PEDESTAL Y '
Mo TING 1 Z dTJ o
PLATE : ' —
BN Y AN
LY -
- -
(™
’ .
PEOLSTAL % s
SECTION A2
SUMMARY OF STRESSES IN YESSEL SurponY
LOAD Pa ’g}’j Pa +0 PutQu+Pu+Q
CONDITION STRESS AL OwaABLE STRESS ALLOWABLE STRESS ALLOwaARLE STRESS ALLOWABLE
LEVEL AB 8 Ny 24 ENR — 14 B4 t 1o 90? 144
LEVEL ¢ STRESSES ARE  SAME AS AB 8 CONDITONS, ALLOWABLES Ang MIGHER
LEVEL O 77.4 948 ENR — ENR — ENR -
Pu? PRIMARY MEMBRANE STRESS, x98 Qn ' SECONDARY MEMBAANE STRESS, «xs$)
'. * PRIMARY BENDING STRESS, x5! Qyp v SECONDARY BENDING STRESS, xsi
ENR + EVALUATION NOT RCOUIRED

D

Figure 5,3-6, Details of Vessel Support

S . 3-40 E/r s FE




-
S

e 4

-
-
-

g e

- Ve

FIGURE 3.2.8
REACTOR VESSEL AND INTERNALS-
GENERAL ARRANGEMENT

./J'L s LS

ed
<
<

SMUD
SACRAMENTO MUNICIPAL UTILITY DISTRICT

@

L1 G UEE Aé




-NOZZLE SUPPORTS




SECTION A-A

AR

L

]
+

b«
b -

=
- ol
-

4
- b -

ELEVATION

Fleuv /2 E S

BABCOCK 241
REACTOR VESSEL SUPSORT PAD




™39

Vs A

o § #iacrOR §
CONTAINMEAT YESSEL

L
 — 30«0 10

_1
e b

, . STEim GreitaTOR $TEiN GEnbdaTOR
£ &80 Combanrafar=~ NAARTHANT
. - 2 1 1 — L
1 . . AissSuertie o
[* 5G urnge ‘
b (sesmour ’ s iR
| BB

TRUNIONS et

, |
8.¢ LR e

5
| | 4
/) i) |
| | —% | = |
| | ‘ 2 maT (46
l | r:__n. I peiss e
{ | l ) / T -Y 2 g
i | l((.‘..';li | i [ | | ’llad‘ '
) taote
{ §03.0 | | l o ' \
{ < —l e \%l F
§ | $Tiiw \ |

| Lll";l‘..‘.‘l—v———“‘

bwg PESTRINTS

v

J! 6 b1~

@zné SeuAB RS L4 woTOM

-+ dE Poud mOroR
§PuaG SusTS, r'
2C Mampr Wt;r Feami

a3 R/M‘ l L
¢ OO0 L#G|
. ' ™

RKwg RUSTRAMTS

L20# Savasies
(Facr 56

f CSsUOwE
(Sresencai) Surhorr

4. Rfacrol diinm
BRACLETS . Blac (T &

Se
ié NOTE: MPE RESTRANTS NOT SHOMN
f:':gE SECTION (E‘é

- =E= ®)

g 2o=xw

i fs

s 2889

. - -

o 11 PaN F/ GUueE A7
gs«‘ﬁ

gz 5214 \

‘E ig W F.

i



h_ d el 4

REACTOR BEAM BCACKETS LDCATED
AT EA OF 4 REACTOR CND LEG NOTZLES —

COLD LEG OING RESTCAINTS(LOCA)AT E4 Cxo LEG
R.C. 00D LEG =

R.C PUMP UT" CABLE RESTRAINTS
PRESSURITER SUPPORT rRAmE
—— PRESSURITER (ONK)

R C Pumers (4) \O-SUPP0lr BRACKETS

STEAM GENERATOR

STEAM GENERATOR PIT ¥ 3 " y A
. . . " : :
b Y S i
- . "o 4
3.20% SnUBBERS \y : "ty 457 /A
EACH 5 G. - e p
’ g P SN e ’,,",' Y w
S 2 F
» g o l y '
. =
A i / } /‘:Ln'
55 ! 4
/ ~aly
"N - \
A MANY e B N yPPER SG. LATERAL
v"\l > .v.‘ ". r 5(/”027
L": A ,:& -
A} "
!
SG AUMPERS(LOC A) 0 J

(7 €acw 50)
STEANM GENERATOR -

S G TRUNIONS

\"‘— £.C NOT (&G

—— R C PUMP MOTOR

L QEACTOR

£ C NOT LEG

& PUMP SUPPORT FRAME —
& C PUMP MOTOR STAND —
4 -SPRING SUPPORTS EA PUMP

WOT LEG RING
RESTRANTIS(LOC A)

LCCOLO LEG

— R.C. PUMP MOTOR _—

RC PLUP LOWER CABLE STEAM GENERATOR STEAM GENERATOR P R A
QESTRAINTS(LOCA) COMPARTMENT (LOWER] COMPARTMENT ( UPPER)
N el b B <v- sg< s 2%

SAYIS BISSE MUCLEAR PORER STATION
REACTOR COOu ANy 3.7 "EN AnD
SUPPORTING STRUCTURES - PLAN

NOTE  PI1PE CESTRAINTS NOT SHOWN ‘ F 553 REVISION O
JAY You?
J‘ L‘,I d. .[{j

L‘:P_‘./__GC//ZE //’_{2




T oM

EFrew s Hr/

)z)rémUna!-

L}
-
| . = -
- gl - p—— | N - - —— n -
== S . ™ )
o d3r 957
~ | BELLEFONTE NUCLEAR PLANT
FINAL SAFETY

SECTION 815 008

FIGURE 1 2316
—_

COUIPMENT REACTOR SUN DING

c b ot roe

|

|

_

|

| TVA OWG MO JEWEI08 08 13R4
|

|



Element
Drive
Mechanism

Nozzle

Closure
He od

Insulation

Removable
Insulation

]26']7/’32 =

48-)

'y,

b= 10-3/4" Min

1
h
4
Y

&Ob”l{\n;

Min

1SS IIIIIIIII Y

- -

XYl

» >
_)/:

VESSEL

y




it

Lia
P

i

LY N

-

AN Y vt v

D285

LS iy tomrany

e Rl Mant

b tdd
FOUIPNINT (B ation - BEACTON s

$¢2T10N P8

CE LT

-

Fr e rRrE H/8




™ 30 e

.
| CONTANMENT ELEVATION | |

& H/<

VAR -X4.



e

— - ———

—tcz <l B E ArS



— 2§ 24
_.!8 “1d% 1ISSIA BOLIVIW

11........._..:...:..! ﬁ

BeLIVER4RE) 111308
-0




[ ¢

i

I![

§
gt

=)
D

(it
Gl

o
J
i

Hi

~ e "‘c:: :r-.:'?

F-/@C/es /"/7 17”57’? - T REFOWG  WPPS D




COLD LEG

[

A

I ll_ 12 TYP

qrp KEY TYP g0 HOT LEO']

' LEG
COLUMN P =4 l &
4 b -

" -1, BASEPLATE .o |
) , T0P PLATE ! a
.’ /e wRE IS

ARK ANSAS Figure

POWER & LIGHT CO, REACTOR VESSEL SUPPORTS

c & Lo SEL

Arkansos

Nuclear One - Unit 2 35';

L
2

5.5-12




. a

1

22 Mgty e eivaxree
. .
-~ -

—_—

pab - & B

e’

™ £ u:!‘

e 1 # 0 CONELS
LOCATION S22 O B3

g T
TY® RS w p g 3P BN o, 96
o PEOCS ray
-
' .
-— s 257D g°
Niragral AN
(‘ N 47 RADUL MES mm b e
SfRiraxTey WS BB A min g
LT NTE e T TYZ ALl AOND
ARy W i

S palsec wore 3)

PLAN @ EL 335'6"

] PRIMARY SHIELD WALLS

e & Leellss S0 - 2R
ARKANSAS POWER 8 LIGHT "0 INTERNAL STRUCTURES FIG. NQ
ARKANSAS NUCLEAR ONE UNIT-2 PLAN 8 SECTION 18-1%

, e wRE AT




COLD LEG

Pl .
/, | /
/ ’ COLD LEG
152 e,
| :Hj .',.
| &
s
."‘J e ‘ _;l wll TYP
|’ :.\: 0, ¥ A‘-‘
g oaa U
~ 115"
. * 322" TYP
H—y-10vz' — 12 TYP
AN |
) s _‘.
— 8
ns ~ S
T COLUMN — 52! — '
4 ——
30" BASE PLATE
TOP PLATE !
‘ Ereri/RE kO
Figure
PPORTS b
E%&?ﬁﬂ | REACTOR VESSEL SU 5.4, 14




”&
G- o smaaa\a\ Rt T
/ ‘ l _ s‘aﬂ\
. \‘ . { ﬁ & \
e = ey - R ' KEY, \’am
: N3 ,
\ ‘D & \\ \@. .
BRACKETSY SWUBBER 3. - o

aseR ., H4- "
b
sTEam ol s,
/STEAM GENER/.TOR UPPER SUPPOR
; BRACKETT

\
U—U\'

L I ' \ t
S A —— - \ -
’lr s ;\\ o \ s

\ S

\

~‘-'-'-5? b PUMP SUPPORTS |

1 L LR

':' \\ﬁ" ?\\
. - " : ,
/)-.(_- ‘ \&(?"v ),/
/ | PPy
l' K \\\ y
‘. NN . 1 :
|\ »%\k
\ Mg - .
£ @/ R

STEAM GENERATOR

GENERATOR
LOWER SUPPORTS STEAM

REACTOR VESSEL SUPPORTS
S REHZ !

o8 REACTOR COOLANT SYSTEM ARRANGEMENT | fovre
LA AND SUPPORT POINTS




conTROL ROO 4 ae o
CRANISH
:u'n“l:ms DRIVE MECHAMISM ADAPTERS
RUACTOR VELSEL WEAD THERMAL INSULATION RETAINER
WON TORNG TAPS CLOSRE WUT
o 1 __ﬁ~ SAERMCAL WASHER
WTERNALS AUGMENT PIXS R\ e S ;
CORE MOLD DOWN RING 4 \‘ , qm:lt T
HEAD AUGNMENT PIRS \ hs c.f:t u:;m
KEAD GASKETS : % e
SAL WELD MEWBRANE = SuproR
UPPER CORE SUPPORT BARREL 5 KEUTRON SOELD TAKK SEAL RING
QUDE BUTTONS ‘ N\ GADE TUBE
LOWER CORE SUPPORT BARREL ‘ 1 /WO SOWN ALATE
_+ | || \ ‘ GUIDE TUBE SUPPORT PLATE
WTLEY IO:IL["—_\»_ i | ! 9
Ll | 73 e
R ‘ l‘ ' ' R0L ROD DRIVE SHAFT
" ' ' = CONTROL ROD ORI Rty
SMOCK ABSORBER STOP SR ‘ J E ?a--ug'(,! VESSEL SUPRORT LGS
e = s = ‘ ‘ | ‘3\ COnTROL ROD '
PRI AP RS ]! " B N SOLK ABSORBER Loy
: ARE BRI T c0RE MATE GUIDE BLOCKS
SAFFLL SUPPORT FLANGE \ 2 : ‘ £l 4 CORE BAFFLS
‘ AR
TRERMAL SWIELD ———""1J¥ i i COmTROL ROD
i \ -
REACTOR VESSEL 7y | B cong manns
— 7 4
< /4
LOWER CORE SUPPORT PLATE —— Eg‘é-—— FUEL ASSEWBLY
THERWAL SHIELD SUPPORT LUGS
CONTROL ROD SHROUD | \FA
SAAU0 TIE RATE ,
. THORMAL IKSULATION SUPPORT BRADTTS
A0 EXTENSION

REACTOR VESSEL ASSEMBLY




~
U

ut

4

Control
Rod
Mechanism
Housing

Closure
Hexd
“‘lsu‘snic."

~Stavilizing

Lug

Core
}uowﬂ

g

CONS

UMERS POWER COMPANY

PALISADES PLANT
FSAR UPDATE

ey T TR Y A T
e - 5 =4




‘0

4

- "wm
l l P

SELTON AT DREHSURIZER ( NEUTRON

SmELD S.RGL TANK

=

e

e Y g

sceTion e -

PO ASEATON BAND B¢ | WAAOR (oW TR D e 48P
PACH DAY AN Bl AT (e T AT Dad Wt
rﬂ 'Lu”ﬂ WG OO AL N Dre W e e
W e SwTaImEw CmELNY Naoe .
PABAR TSN, § LATDRRNS AREA - Sl T e Nwrwn

DR PV T D | Al Bl

N1A\.,H'rvt SE"' T"s..NS

T YANKEE ATOMIC ELECTRIC CON PANY

ETUTE & v ERETER NG NTER Ow CoMrOR A T

g ::-—- %9"~*c

CON ANER

Dc-(n STATION

ROWE. MASS

ﬂ.:.?
vy S




g s A7 sV ne /=
NOLYLS ¥IMOd Awens
AT@NISSY XNVL Q13mS
NONININ ¥OLOVIM

\QN.CCN\Q\

145l

—

-8

-~

- ————— -

D




)

2
'
9
é
2 o e ae o _-e
T ® A ]
oI~ & O W
SL8044NS Lnind INDR $OIVH . \ ’ ”
Fenione it Leiselvinod ., { v 4 A v
v -
Ape Y s ey E | e — A I |
’ - i | o e
753 P vlll.i‘bi‘bc)‘ e € ‘.io... u.. | |
. J Vel v \
13 Ay :
. ,, - AN
aare? - J — .
" »u
} \ N 1 \
{ { ¢ > b \ {
) ’ 2
7 - ol o.”t!‘!‘o;:
% \ % N - ot&(ra...“.”a.
\ al~ - - 3 T Pag ! -~
A R S It Madl I o
A \¢ . - m " - !0!~ . »
rY | e | = - - I.!X‘.acoto,.\.
cqnsxe/ § (Wa)oermm—— N D i P e
1 & s Wy
J ' .y
\ - -~y r
' ‘4
- y -
4
- ———
—— .
\ (
A. 1 {
! < Qmwv * ! Ll € wolvebaD mvlt
prroamed % -
| 4 4 |
1 //Vv 3 1r vty &
. /- - by 4 .-
Y N \4~v~ i i 8 @ € < ’ Liwod ¥ Tt Wie s
ISES - PO
e |
'\ ] 5 N
B :

Y L.
» Y - _
_ . . .a , L1 ) )
b -y ! . g m.wu. Bere Qm
I- AN 4 1
| el e m 4 et
.J ‘,u ——— ) e
' I Yr . | *
' S - — v._ -
- — . J
J \ . F
R ————— — n— -
M r e

”




‘

L2222/ 024 ) S

Siw044NsS TASSAr $OVOVIN

€1-%"% Iwns1a {

ANY Y AVMVYTIIVD

24 Cas 0oF

B

sawe 3

mIA WY




/ 7
W atls




-
——T—q [—
t " ) A“.# ‘: ¥
' & 9N !
/ b i e
! AACHCE pOLTS vis?
erEnings

SRELh Lues

Freuvrs H27

SOUTH CAROLINA ELECTRIC & GAS CO.
VIRGIL C. SUMMER NUCLEAR STATION

Reactsr Vessel Supports
Figure 5.5-7

Sv-595

/&



REGCON

¥
e |

P

1TY UPPER R
nANGE%cON -
%4
,:-'—nmnon SHELD

9.

I:ll 38

:|=::_".' T

¥
Fa=Y = 'éfcowuo

boSn
92 wped 2wt
r—* 2

+

RG
4

SUPPORT
e

=1

12 46

CAVITY (OWER REGION

EreawRE A2

we o= 443 [#4 %

PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE | vERTICAL SECTION THROUGH REACTOR CAVITY
SEABROOK STATION - UNITS 1482
FINAL SAFETY ANALYSIS REPORT

1 FIGURE 8.2-26




< " b.’ :,.... i :- -
LI - F ®
A A« " PRIMARY - - =
L%~ SHIELD + e ! b v
“. e, WALL ." ]
-"l ..-'" c, b | e Vela &
SR AT S et i
_.-.e( 73 _,'.c
. 2 G _ClRogp 4 ‘ 4
v S
G | l v
AN\ A g n
A . . ] /
s HOT | LEG % s
L)) ﬁo .‘..
‘\ o c% ', \ 1
s \' * kY .WG
e - % R GROUT
l.‘,‘Q ‘ * . 1
e ‘s * ). 2
% & .‘40';’
-t
~a
\ | a
\= ‘ . --. -
":'. o " -
"\’,\‘\v o W30
Ll l “‘,q \ M ?.n- 4 ,
g ‘e vaTe
.\.‘ . ..‘: Q-Q:
o ¢ i ® ¥y
- .t
" H )
' "7 " - .'Q‘
': ' . a .
’ ..'.V . .f’\:\‘
Yy ‘:'/ s \ .
’ / o= % -
Y | s
B £ SOt \
b -l e 2 | ‘c,l i \
f// Lot T
/ £ 4 e ' "
ad ‘_.J <
o [
":'J .
RESTRAINTY
‘\/ (12 8ARS 1"ss 6 s~ d' 6" EQUALLY SPACED)
b 4 0O

fr 6 v 2&e s/

PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
SEABROOK STATION - UNITS 1 &8 2
FINAL SAFETY ANALYSIS REPORT

ol G5 [#5
PLAN VIEW OF REACTOR CAVITY
AT ELEVATION OF NOZZLES 3

1

FIGURE 62-27 .




. .,......ﬂ
7y > X
1904405 1ISSA wOLV N .
el el

ANO4BN SIBAYNY ALBRAYSE YNIS

SNOILV LS QOOMOIVHEE/ NONAS

Ty

235 o35p ss) ash-oF

7 NOIL103S .
“ \.V.H %\* - |
m +O T F o ma 3 T . o
03 13 & =er _
Peet ﬁl . Amv.

i

S . A. > |

Jor b=l r
w«.ﬂmﬂ‘[W-“ A HIE IR =

o
e e
\

1 1 &
A :T: o L J
=t ! . 3J0HS
3 3SNOHONILSIM

31ZZ0N AdY Y1 —[ N o - ,
K — 1
B R Ml -




S1WO. 405 TISSIA ¥OLOVEW

]
_
m
w

(1-»"S 340013

S SHenNNS _

=

(\ Al lo:uuw

} -—
g X L LRI AN

ey




18.

16.

r

W. G. MHopkins, Chapter 7. Reactor Pressure Vesse! Supports for
Pressurized Water Reactors and Boiling Water Reactors, in report by V.
N. Shat. and P. E. MacDonald, Editors, Residual Life Assessment of Major
Light Water Reactor Components - Overview, Volume 1, 1dano Natl, tng.
Lab., £GG-2649, volume 1 (NUREG/CR-4731) dated June 1987.

R. C. Cipola et al., Aptech Eng. Serv., Inc., Requirements and Guide-
lines for Evaluating Component Support Materials Under Unresolved Safet
[ssue A-12, Electric Power Res. Inst., Report EPRI NP-3528, June 1984.

Final Safety Analysis Reports (incomplete; comprehensive review not
made) .

Genera) Electric BWR Plants

Facility Name Docket No.
Humboldt Bay 133
Big Rock Point 1585
Oyster Creek 219
Nine Mile Point 1 220
Dresden 2 237
Dresden 3 245
Millstone 1 245
Quad Cities 1 254
Quad Cities 2 265
Browns Ferry 1 253
Browns Ferry 2 260
Menticello 263

Babcock and Wilcox PWR Plants

Facility Name Docket No.
Indian Point 1 3
Oconee 1 269
Oconee 2 270
Oconee 3 287
Three Mile Island | 289
(rystal River 3 302
Rancho Seco 312
Arcansas Nuclear 1 13
Three Mile Island 2 320
Midland 1 328
Midland 2 330
Pavis Besse 1 346
North Anna 3 404
North Anna 4 405
Bellefonte | 438
gellefonte 2 419
WS |l 460
wWPPsS 4 513

Babcock Std. 4! s
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Combustion Engineer 'ng PWR Plants

Facility Name Docket No.

Palisades 255
Ft. Calhoun 1} 285
Maine Yankee 309
Calvert Cliffs 1 317
Calvert Cliffs 2 318
St. Lucie 1 335
Millstone 2 336
San Onofre 2 361
San Onofre 3 362
Arkansas Nuclear ! 313
Arkansas Nuclear 3 368
WPPS 3 508
WPPS § 509
Palo Verde 1 528
Palo Verde 2 529
Palo Verde 3 530
CE 80 Plant c-e

Westinghouse Electric PWR Plants

Facility Name Docket No.
Yankee Rowe 29
San Onofre | 206
Conn. Yankee (Haddam Neck) 213
Ginna 247
Indian Point 2 247
Turkey Point 3 250
Turkey Point 4 251
H. B. Robinson 2 261
Surry 1 280
Surry 2 281
Zion 1 295
Zion 2 304
Cook 1 315
Cook 2 316
Beaver Valley 1 334
Beaver Valley 2 412
North Anna | 338
North Anna 2 339
Byron 1 454
Byron 2 455
Braidwood | 456

Braidwood 2 457



I1SSUE 15:  RADIATION EFFECTS ON REACTOR VESSEL SUPPORTS

DESCRIPTION

Historical Background

This issue was identified as a Candidate USI in NUREG-0705%% but was recon-ended
for further study before a judgment is made on its designation as a USI.

The potential problem is caused by the radiation embrittlement of structural
materials. In the past, most neutron damage has been associated only with those
whose energy 1s 21 MeV. However, it has also been recognized that neutrons
whose energy is between 0.1 and 1 MeV also contribute to damage.®* An upwards
shift in the nil ductility transition temperature (NOTT) has been related to
high fluence exposure of low energy neutrons. Essentially, all of the neutrons
reaching the vicinity of a reactor vessel support structure (RVSS) have low
energies because most of the fast neutrons (E)1 MeV) have been moderated or
shielded in leaving the reactor vessel. The transition temperature for brittle
failure of many structural steels begins in the neighborhood of -50°F, but after
high exposure to 3 neutron fluence, the transition temperature can become as
high as 200°F. This means that loss of fracture tough :$s may occur in the

-

RVSS. Given a transient stress or shock, a rapidly propagating fracture c* the

RVSS and consequent movement of the reactor vessel could occur. An earthquake
could provide such a transient mechanical loading.

Safety Significance

A large seismic event can cause an embrittled RVSS to fracture thereby allowing
the reactor vessel to move. Such movement can then lead to a LOCA from ine
rupture of piping attached to the reactor vesse)

Possible Solutions

There are two possible solutions to this issue: (1) provide local heating anc
insulation for the RVSS to keep it well above the NOTT, and (2) reinforce the
RVSS in those areas where fracture toughness loss may no longer allow the RVSS
to be capable of meeting seismic requirements.

The first of these solutions will be considered as far as possible to develop
both cost and occupational risk assessments for a candidate resolution. This
general approach is necessary for the generic plant risk assessment because,
for each plant where the problem really exists, the resolution will be plant
specific

The possible solution would probably only be required during the latter one-
third of a reactor's life. Thus implementation of the solution is assumed Lo
occur after two-thirds of the plants' operating lives have expired. From
NUREG/CR-2800,%4 this vulnerability period is about 9.6 years for PWRs anc
9.1 years for BwRs

11/30/83 3.15-1 NUREG-7933
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RIORITY DETERMINATION

Frequency/Consequence Estimate

The research needed to understand the problem has been underway since about
1979 but little data is available. The severity of the problem is not wel!
documented, nor are the susceptible RVSS materials identified. Consequent
to represent the technical community opinion as to whether a problem exists or
not, & probability of 0.5 is assumed. In addition, to represent the uncer-
tainty of which RVSS materials may be susceptible, a vulnerable plant probabil-
ity of 0.4 15 also assumed. Thus, 20% of the BWR and PWR plants constructed
and planned will be assumed applicable, 1.e., 18 PwRs and S BWwRs of those
identified in NUREG/CR-2800%¢ will be used for determining the risk parameters
for PWRs and BWRs, respectively.

For both PWR and BWR plants, it is assumed that the accident scenario begins
with an embrittled RVSS and a seismic event of large enough magnitude (0. 2g
acceleration) to cause the RVSS to fracture allowing the reactor vessel to move
That movement causes a LOCA (pipe blockage or rupture) for piping attached to it.
Oata from Oconee 3 and Grand Gulf 1 were used for determining risk parameters

for PWRs and BWRs, respectively. The frequency of a rupture of RCS or loss of
coolant flow due to a seismic event with an acceleration equal to, or greater
than, 0.29 was assumed to be 7 x 10-4/RY for both tyzes of reactors

for PWRs, the only WASH-1400'® risk parameters presu~ed to be affected were 55,
555, and 5,  The frequencies of SS,, $S,, and 55, were based on the assump-
tions that the probabilities of flow blockage or pipe rupture due to RV mo.ement
when the RVSS failed were 0.5, 0.6, and 0.8 for the 55,, 55,, and $S, cases,
respectively. Consicering the WASH-1400'® Reiease (ategories PWR 1 through &
and substituting the calculated®* risk parameters in the dominant sequences

and frequencies for Oconee 3 resulted in a reduction 1n core-melt fregquen:cy of
1.1 x 10-%/RY. The pudlic risk reduction associated with this frequency
reduction 15 16 man-rem/RY.

For BWRs, the only WASH-1400'® risk parameter presumed to be affected was S5
The frequency of SS was based on the assumption that the probability of flow
blockage or pipe rupture due to reactor vessel movement when the RVSS faileg
was 0.8, Considering the WASH-1400'® Release Cateqgories BWR 1 and 2 and sub-
stituting the calculated risk parameter in the dominant sequences and frequen-
cies for Grand Gulf 1 resulted®* in a reduction in core-melt frequency of

5.9 x 10-7/RY. The public risk reduction associated with this frequency
reduction is 4,2 man-rem/RY,.

Therefore, the total public risk reduction during the vulnerability period for
19 PWRs and 10 BWRs 1s 3,100 man-rem.

Cost Estimate

The resources required to implement the safety issue resolution at each of the
applicable plants are labor and equipment. It is assumed that heaters will be

11/30/83 3.15-2 NUREG-0533




attached to 4 reactor vessel support columns and that mounting hardware, wiring,
metal-sheathed heating cable, switchgear, transformer, and a power controller
will be installed. It 15 also assumed that the equipment would be installed
during reactor outages for other purposes and that no repiacement power cost
would be charged to the solution It is further assumed that access to the
reactor cavity would be possible for the heater installation. The cost of
equipment 1n each affected plant is estimated to be $52,000 for 4 strip heaters
clamped to support columns, mounting hardware, materials, and wiring, power
controller, switchgear and transformer, and metal-sheatted heating caule A
50% contingency was included in this cost.

Costs for equipment, labor. and license amendment are estimated to be $520,000
for each of the 14 backfit plants. Thus, the industry cost for implementing
the possible solution is $7. 3M

Industry operation cost for maintenance repair, replacement, and power asso-
ciated with the solution are estimated to be $144 000/RY over tne vulnerability
period for each of the 14 backfit plants. Thus the tota! industry cost for
operations and maintenance 1s $1&M, assuming the systems would ornl, be operated
during the last one-third of each reactor's l1ife.

NRC costs associated with cdevelopment and implementation of the possible solution
are estimated to be $1.5M for 14 dackfit plants

NRT

operation and maintenance review Costs associated with the sgiuts are

weiy

estimated to be $283,000/RY over the vulnerability pericd of the l& plants

Summing all costs outlinec 2bove,
Total Cost = $7.3M + $18M « $1.5M « $O 283M

Value/Impact Assessment

Based on a total risk reduction ¢ GO for

the affected plants,
value/impact score is given by

Other Considerations

There are three factors to be considered that would have an effect on the
overall conclusion to be drawn on this 1ssue. These are

(1) Implementation Occupational Risk Increase

Implementation of the solution would require work to be perfermed inside
the containment of the 14 plants considered for backfit. Ffor each of
these plants 1t is estimates that 54 man-weeks (2,160 man-h:zurs) of labor
would be in radiation 20nec hssuming a dose rate of 100 = llirem/hour,
the total occ:pational dose i1ncrease from implementa’ion 15 I 020 man-rem

P4
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USRS B
MEMORANDUM FOR: William Kerr, Chairman, ACRS
FROM: Victor Stello, Jr., EDO
SUBJECT: ACRS COMMENTS ON THE EMBRITTLEMENT OF STRUCTURAL STEEL

In our response to you on August 4, we described the actions underway and being
planned to take account of neutrcn embrittlement of reactor support structures.
One important action was a review and assessment of the current state of
knowledge of flux, fluence and embrittlement relative to the materials and
conditions of neutron shield tanks and support columns that form the primary
elements of concern for reactor support structures.

We have now received a report from the HSST Program Staff at Oak Ridge which
summarizes the technical information they have assembled relevant to the issue
of low dose rate embrittlement of the steel in the support structures of LWRs.
A copy of that report is enclosed. The ORNL summary coincides with our evalua-
tion that the neutron shield tanks and support structures do not appear to pose
any safety problems. The embrittlement can be conservatively predicted as an
increzse in transition temperature of the steel of as much as 400°F, based on

, extrapolation from the HFIR data. This is a factor of 2 to 3 times as much
. embe#ttlement as might have beer predicted prior to the revelation from the

HFIR-surveillance program and represents an embrittlement rate 10 to 20 times

© Higher than for test reactor irradiations. The fluence at the HFIR vessel is

close to the predicted value, but the flux is 10 to 100 times less than a power
reactgr cavity region (where the support structures are located) and a factor
of 10" less than typical test reactors. With the flux reduction schemes now
in place, however, the fluence in the shield tank and support column region
might decrease about an order of magnitude, with a corresponding decrease

in the embrittlement. These structures are in comgression, so even with a

0.2 o earthquake, the tensile stresses generated appear to be too low for
fracture initiation. The only way to predict enough tensile stresses to
inftiate fracture of these structures is from the jet forces from a large LOCA
of the main cooling lines. By thic time, however, the reactor would already
be in a serious accident situation, so that failure of the support columns or
shield tanks would have little effect.

—

Clearly, an embrittlement level of some A00°F in the support structures is not
a welcome situation., We will incorporate this issue into the RES Materials
Engineering Branch programs on fracture, irradiation effects, and neutron

|
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dosimetry, to refine the

predictions and structural implications, with the {dea
of developing recommendations for limits on embrittlement or methods for mitiga-

tion such as heating of the 'd tank water and support columns. We note

that such a "fix" was already proposed for resolution of “Issue 15," Radiation
Effects on Reactor Vessel Support Structure EG-0933, November 30, 1983, a
py of which is enc

',,’",; = 7
7 S

. /




. n
ot c"‘c

0 s‘lv,'

+ % UNITED STATES
o ¥ % NUCLEAR REGULATORY COMMISSION
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3 - /.. WASHINGTON D C 20855
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Pene?t

December 8, 1987

Mr. Yictor Stello, Jr,

Executive Director for Operations
U.S. Nuclear Regulatery Commission
Washington, D.C. 205585

Dear Mr, Stello:

SUBJECT: ACRS COMMENTS ON MEMORANDUM FROM VICTOR STELLO, JR., EDO,
EA;ED OCTOBER 7, 1987 REGARDING THE EMBRITTLEMENT OF STRUC.
URAL STEEL

We are concerned and perplexed by your memorandum of October 7 (refer-
enced). There you conclude that, "the neutron shield tanks and support
structures do not appear to pose any safety problems. The embrittlement
can be conservetively predicted as an increase in transition temperature
of the steel of as much as 400°F." You support your conclucion with the
statement, "These structures are in compression, so even with a 0.2 g
earthquake, the tensile stresses gererated appear to be toc low for
fracture initiation."

Studies indicate that the highest risk of sudden pipe rupture in the
primary system arises from the faflure of supports of a major component,
We can see no reason to be sanguine abocut the safety of operating
nuclear power plants with the largest, heaviest component in the primary
system supported on a structure, parts of which are fully brittie, This
is unsafe by any type of analysis. The average stress may be compres-
sive, but it fsn't the averace stress which would determine the failure
of the structure. These supports are welded structures so there are
regiors with tensile stresses as high as tne yield stress. They operate
in a temperature gradient so there will be therma) stresses which are
tensile in the cold (less ductile) recions. They are uninspected so we
have no real idea of what kinds of flaws are present, and flaw size is
critical in ary meaningful failure analysis,

1t would be imprudent to operate nuclear power plants with brittle
structures supportine the pressure vessels. he recommend that an early
effort be made to gain answers to the following questions:

1) Is the terperature of the support structure of the reactor pressure
vesse! in any operating plant now below its ni) ductility transi-
tion temperature (NDTT)?

2) NWill the temperature of the support structure of the reactor

pressure vesse! 1n any operating plant drcp below its KDTT before
] o A \ree?
the plant's license expire FoTA- g9- 11§
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Mr. Victor Stello, Jr. December 8, 1987

We hope and suspect that the answer to the first question is "no."
However, 1t 1s not clear that we know this with any certainty. The
research program mentionecd in your memorandum 1s necessary and desir-
able, but 1t s not clear that it will answer the safety-related ques-
tions noted above in a timely manner,

Sincerely,

CUTKean

William Kerr
Chairman

Reference:

Memorandur from Victor Stelle, Jr., EDO, to William Kerr, ACRS, dated
October, 7, 1987, Subject: ACRS Comments on the Embrittlement of
Structural Stee!
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MEMORANDUM FOR: William Kerr, Chairman, ACRS
FROM: Yictor Stello, Jr., EDO
SUBJECT: ALRS COMMENTS ON THE EMBRITTLEMENT OF STRUCTURAL

STEEL IN REACTOR SUPPORT STRUCTURES

This memorandum is in reply to your December 8, 1987 letter concerning the
embrittiement of structural steel in reactor support structures. In summary,
we have restudied the 1983 NRC analysis of this issue as well as the more
recent ORNL data that emerged from the HFIR analysis, and, as discussed in more
detail below, our judgment is that this {fssue does not constitute an immediate
threat to the safety of nuclear power plants that the NRC has licensed.

With regard to the two questions posed in your letter on the current and
future status of the NOTT of the reactor support structures, our responses are:

(1) We have not studied enough plant specific information to unequivo-
cally answer this question; the generic analyses that we have done to
this point have not led us to identify any specific plants where the
support system NDTT {is above the operating temperature.

(2) Our judgment 1s that the NDTT of the support system structure in

some plants may exceed the operating temperature before the end of
the plant license.

We note that both of these responses are judgmental because we do not yet have
sufficient information to be mu e definite, but we intend to perform such
plant specific analyses in our continuing program.

We have responded to your questions as you posed them -- in the context of
support structure material NDTT relative to the operating temperature of the
support structure. While we agree that NDTT can provide a convenient {ndica-
tion of fracture toughness, and that one can put the problem in perspective by
referring to NDTT, we note that resolution of this fssue will be done in terms
of a comprehensive fracture mechanics analysis, combining the stresses, the
material properties (of which the NDT temperature 1s an important part), and a
flaw size large enough to initfate a fracture,

Based on the analyses that have been performed and on our engineering judgment,
we believe that the embrittlement of reactor vessel support structures does not
pose an immediate threat to the safety of nuclear power plants. An important
consideration that has contributed to our belief is that the failure of vessel
supports does not lead to the failure of the piping. Work done by LLNL on a
different project used a modelling assumption that support faflure automati-
cally resulted in piping failure. For that project, this was a conservative,

For /)~ 88- /¥
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simplifying assumption. The staff has reviewed other analyses that consider
the effects of component support failure on pipe breaks. Those analyses show
that support failure is not likely to result in pipe failure. Further, recent
structural analyses performed by the staff, and employing very conservative
assumptions, show that reactor vessels can be supported on their inlet and
outlet piping alone, without benefit of the support structures. In addition,
our preliminary investigations indicate that shield-tank and column supports,
although exposed to neutron fluxes at mid-height of the core, and skirt-type
supports have a low likelihood of failure because (1) there is a4 large degree of
redundancy associated with these designs, (2) the loading for these designs fis
primarily compressive, (3) the columns have no welds and essentially no thermal
stresses in the high-flux zone, and (4) the end-of-1ife fluence for the skirts
is very low.

Investigations regarding the impact of the HFIR data on the likelihood of
failure for other vessel support designs are still underway. While we
recognize that there may be tensile stresses within the structures that could
cause cracking, and that there may be more embrittlement than originally
anticipated, we do not believe that there is an immediate threat to the safety
of nuclear power plants.

The Department of Energy is aware of this issue of embrittiement of reactor
support structures having recently conducted a workshop on this topic at
Sandia National Laboratory. The conclusion of the workshop was that there

is no immediate problem with LWR support structures. However, the workshop
focussed primarily on shield tanks and reached its conclusion primarily on the
basis of industry work which did not emphasize embrittlement rate effects, nor
did it include some of thc 24ditional sources of tensile stresses that we have
been considering such as welding residual stresses or excessive friction in the
slider assembly. EPRI has prepared an analysis of the support structure
embrittlement on behalf of the industry that shows an increase in NDTT of
200°F for a 40-year life rather than the 400°F as determined in the ORNL work.
We must point out that at this time, our contractor ORNL has reviewed the EPRI
analys’s and does not agree with it. EPRI, in cooperation with the NUPLEX
Technical Subcommittee is, however, continuing to investigate the impact of
embrittlement on the neutron shield tank and columnar support designs.

The NRC view of the DOE and industry work is that while we agree with the
conclusion of no immediate safety problem, we are working to develop an ade-
quate data base of information on designs, toughness, embrittlement, loads and
flaws so that we can make a prompt and correct assessment of the situation,

We are actively researching this issue with the objectives of (1) identifying
those plants with support structures that currently are susceptible to brittle
failure at the operating temperature, (2) identifying those plants with support
structures that may become susceptible to brittle failure at the operating
temperature, and (3) defining appropriate actions for those plants. To achieve
the first two objectives, we have asked the OFNL HSST Program staff to
summarize the reactors by categories of su;port structures and submit, by
February 1988, an estimate of time and cost for analysis of up to five distinct
support structures. Our intent is to complete the analyses by the end of FYEE.
The ORNL analyses will include considerations of rates of embrittlement,
peculiarities of support structures, varfability of both the materials involved
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and the potential loads, and combinations of stresses resulting from fabrica-

tion effects and normal and accident loading conditions.

From the results of

these analyses, we expect to be able to achieve our first two objectives.
Subsequently, the staff will define appropriate actions for any plants that
have, or are expected to have, supports susceptible to brittle failure.

The issue of support structure degradation involves the combined effects of low
dose rate, low temperature, and spectrum softening on irradiation damage;
analyses will make use of the HFIR results as these are the only such results
currently available which include at least combined low dose rate and low
Spectrum softening effects will be included in the

temperature effects.
ongoing research program,

Final resolution of these questions on combined

effects will require several years of work before enough data can be developed

to provide a confident answer,

A principal reason for the extended time for

resolution comes from the need for study of materials from decommissioned
reactors, such as the testing of steel to be removed from the shield tank of

the Shippingport reactor.
with the testing to follow as soon as practical.

We plan to remove the samples in the Spring of 1988

Samples from other reactors

underqgoing decommissioning will be obtained and tested as they become available

in the future.

We also are in touch with Naval Reactors to determine if they

have any pertinent information which could be shared with us on this issue.

Finally, the staff will review the requlations covering protection against
brittle fracture for components and their supports and will review whether
further requirements are needed, such as inspection or sampling of materials.

As we continue to develop pertinent information on this subject, we will keep

you informed.
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Victor Stello, Jr.
Executive Director for Operations
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