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Edward Luton, £sq., Chairman Dr. Franklin C. Daiber
| Atomic Safety and Licensing Board ~ College of Marine Studies
| U. S. Nuclear Regulatory Comnission University of Delaware
Washington, D. C. 20555 Hewark, Delaware 15711

Dr. Emmeth A. Luebke

Atomic Safety and Licensing Board
U. S. Huclear Regulatory Commission
Washington, D. C. 20555

< In the Matter of
‘ROCHESTER GAS & ELECTRIC CORPORATION
(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244

Gentlemen:

Copfes of WUREG/CR-0400, "Risk Assessmant Review Group Report to the
U. S. Nuclear Regulatory Commissfon" (the “"Lewis Cormittee Report"),

"~ have been furnished directly to the Licensing and Appeal Board panels -

" for the use of the members of this Board. Under cover of copfes of

,» this Jetter, the NRC Staff is enclosing copies of the Lewls Committee

- Report for the information of the parties to this proceeding. The
Cormission is presently. 1n the process of deve]oping a po]icy statement
concerning the report. . . R
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‘ " dune 7, 1978

Edward Luton, Esq., Chairman Dr. Emmeth A. Luebke

Atomic Safety and Licensing Board

Atomic Safety and Licensing Board

U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory Commission
Hashington, DC 20555 Washington, DC 20555
’ Dr. Franklin C. Daiber

College of Marine Studies

University of Delaware -

Newark, Delaware 19711

In the Matter of
Rochester Gas & Electric Corporation
(R. E. Ginna Nuclear Pow ant, Unpit No. 1)
Docket NG, 50- 2444J,,y
="

Gentlemen:

Concerns have been raised about the adequacy of neutron dosimetry now
being used at nuclear power plants. The subject of neutron dosimetry

has been discussed with ‘the Advisory Committee on Reactor Safeguards

and the Commission. The enclosed information which is being provided

to Licensing Boards and Appeal Boards in pending cases may have relevance
to questions relating to occupational exposure in commercial nuclear

reactor power facilities.

Sincerely,

Edward G. Ketchen
Counsel for NRC Staff

Enclosure: As Stated in the Attachment

cc w/encl: Leonard M. Trosten, Esq.
Mr. Michael Slade
Robert E. Lee, Ph.D.
Jeffrey Cohen, Esq.
Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing Board Panel
Atomic Safety and Licensing Appeal Board
Docketing and Service Section
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7 June 7, 1978 T T
Edward Luton, Esq., Chairman " Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory Commj

Washington, DC 20555 Washington, DC 20555

: Dr. Franklin C. Daiber
College of Marine Studies
University of Delaware
Newark, Delaware 19711

In the Matter of
" e Rochester Gas & Electric Corporation
(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50- 244__-
» .

Gentlemen:

Concerns have been raised about the adequacy of neutron dosimetry now
being used at nuclear power plants. The subject of neutron dosimetry

has been discussed with the Advisory Committee on Reactor Safeguards

and the Commission. The enclosed information which is being provided

to Licensing Boards and Appeal Boards in pending cases may have relevance
to questions relating to occupational exposure in commercial nuclear
reactor power facilities. ]

Sincerely,

Bl M

Edward G. Ketchen
Counsel for NRC Staff

Enclosure: As Stated in the Attachment

cc w/encl: Leonard M. Trosten, Esq. "
Mr. Michael Slade - L v
Robert E. Lee, Ph.D. :
| Jeffrey Cohen, Esq.

- Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing Board Panel
Atomic Safety and Licensing Appeal Board
Docketing and Service Section
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ATTACHMENT

Letter to Mrs. P. M. Allen, North Anna Environmental Coalition,
from Brian K. Grimes, Assistant Director for Engineering and
Projects, Division of Operating Reactors, and Enclosures 1 and 2.

Documents Transmitted to NRR by SD:0}SB Following Receipt of Copy
of Letter from Representative John D. Dingell to NRC Chairman
Joseph M. Hendrie, FROM: Glenn W. Zimmer, Senior Health Physicist,
SD:0HSB. (Only documents circled in index and enclosures to those
documents are included.)

MEMORANDUM FOR: Director, Office of Standards.Deve]odﬁent, FROM:
G. W. Zimmer, Occupational Health Standards Branch and enclosures.

Pt

Preliminary Value - Impact Assessment For Task Initiation to t
Develop an NRC Staff Technical Position on Neutron Quality Factors,: ..
and REFERENCES: (1) T. D. Jones, "Radiation Insult to the Active >
Bone Marrow as Predicted by a Method of CHORD's," Oak Ridge National )
Laboratory Report, ORNL-TM-5337, 1976; (2) Harald H. Rossi, "The

Effects of Small Doses of Ionizina Radiation: Fundamental Biophysical
Characteristics," presented at the joint annual meeting of the .
Health Physics Society/Radiation Research Society," San Francisco, N
June 29, 1976, and enclosures. ~

.
~et

P

Review of NCRP recommendations to date,with enclosures.

0
N
.
nem
»

Origin of Current NRC limits, with enclosures.

Preliminary Analysis of Rossi's Presentation Regarding fhe Risks
of Neutron Radiation Exposure.

Alternative Actions.
Preliminary Value/Impact Appraisal.
Recommendation.

Actfvities Under NRC Jurisdiction.

Memorandum dated October Zé, 1976 from the Director, Office of
Standards Development to the Director, Division of Siting, Health .
and Safeguards Standards, Office of Standards Development.
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UNITED STATES

S" \‘% = (% ‘e"‘, NUCLEAR REGULATORY COMMISSION
s AN g X WASHINGTON, D. C. 20555
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* ek ¥ v . May 12, 1978

Mrs. P. M. Allen

North Anna Environmental Coalition
112 Hallmark North

Briarcrest Gardens

Hershey, Pennsylvania 17033

Dear Mrs. Allen:

I am writing in answer to your letter of March 29, 1978, which asks
several questions regard1nq the neutron exposure issues raised by
Mr. Glen H. Zimmer in his January 25, 1978 memorandum to Roger Boyd.
I'm sure much of your concern was answered by the presentation of
Mr. Seymour Block to the ACRS on April 7, 1978, which I understand
you attended. However, we will answer your questions in this letter
as well.

There have been several meetinas among the NRC staff and several
memoranda (enciosed) that summarize the staff interactions and the
results of inquiries to Battelle Pacific Northwest Laboratory (BNWL)
and to the NRC regional offices. These enclosures include (1)} a re-
view -of the facts in the case in a memorandum from D. Eisenhut and

R. Vollmer to L. Higginbotham of March 6, 1978, which asks the Office
of Inspection and Enforcement to review reactor licensee neutron moni-
toring programs and (2) a memorandum from E. G. Case to S. Levine of
April 3, 1978, requesting a research study on effectiveness of neutron
dosimetry at operating reactors. Mr. Block's April 7, 1978 presenta-
tion before the ACRS indicated that there does not appear to be a
significant neutron exposure problem at operating reactors.

In response to your spec1f1c questions,-we are providing the fo]]owmng
responses:

Question T Hhat are the names of those reactors where personnel are
rece1v1ng some neutron exposure which heretofore has been
?nknown ? or is this a newly-known problem at all reactors
PHR's)? 7

Response He are not aware of any specific reactors where personnel
are receiving neutron exposures which heretofore have been
unknown. The Zimmer memorandum was based on limited tech-
nical data from a yet uncompleted technical program. Ve
have discussed this matter with Mr. Zimmer and other invol

e

ved
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. ‘Mrs. P. M. Allen - 2 - y May 12, 1978

Question 2

Response

Question 3

Response

Question 4

Response

people (see Attachment 1) and have concluded that personnel
neutron monitoring inaccuracies (if any) are not significant
concerns.

Standard techniques of personnel neutron monitoring require

that neutron radiation measurements be made with neutron

dose equivalent ratemeters prior to personnel entry into
radiation areas where neutrons may be present. MNeutron

radiation exposures are then controlled by health physics
personnel by limiting occupancy time in these areas in ac- -
cordance with the dose limit requirements of the Code of .

" Federal Regulation, Section 10 CFR 20.101. Additionally,

personnel may wear passive monitoring devices in accordance
with the recommendation of Regulatory Guide 8.14 to corrobo-
rate the radiation survey measurements.

Since your receipt of this January 25 memo, what new meas-
urement techniques have been finstituted at the reactors in

question to remedy the "inadequacy" described in the memo?

No new measurement techniques have been instituted because, at
present, the staff feels that they are not warranted. Licen-
sees are using state-of-the-art dosimetry, including neutron/
gamma_ratio techniques. By the request of the March 6 memo-
randum (Enclosure 1), NRC Office of Inspection and Enforcement
will review neutron dosimetry programs at power reactors, to
further ascertain that the programs are in accordance with the
aforementioned regulations and Regulatory Guidance. Verifica-
tion that current regulatory guidance is being followed will
provide assurance that neutron exposures are being properly
assessed by licensees.

If new measurement techniques have not yet been instituted,
what measures are being taken to project workers from pre-
viously unknown neutron exposure?

The enclosure and answers to the above questions answer this
question. We do not believe there are “previously unknown
neutron exposures" but several checks are being instituted

to review existing programs and further research (Enclosure 2)
will attempt to determine if guidance can be given that will
lead to greater accuracy in neutron measurement.

What assessment is being made of potentially inadequate
reactor shielding?

Assessments of the adequacy of reactor shielding are made at
several points in the design and operation of a commercial
power reactor. First, the reactor shielding designers per-
form calculations to estimate.the effectiveness of their
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Response
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shield design. Ouring the licensing review process, the

NRC reviews the design and the radiation field estimates

made by the designers. During start-up testing, extensive .
survey measurements are made of the reactor shielding to en-
sure that radiation dose rates (neutron and gamma) are not
above design expectations and these are controlled as neces-
sary by adding shielding or restricting access to those areas.

Have the workers at risk froh neutron exposure been so noti-
fied and allowed a voice in their assignments?: 1f workers
have not been informed of potential neutron exposure, the

Coalition hereby requests that such notification be made.

With respect to workers being informed of potential neutron
exposures, the Code of Federal ,[Regulations, Title 10, Part
19.12 and Part 20.206, requires$ that all individuals be in-

‘formed that they are enter1ng an area where they may be ex-

posed to radiation, including neutron radiation, and be in-
structed in safety precautions associated with radiation
hazards. 10 CFR 20.202 requires that licensees supply per-
sonnel monitoring equipment to specified individuals. For
personnel neutron mon1tor1ng, Regulatory Guide 8.14 "Per-
sonnel Meutron Dosimeters" was developed to provide acceptable
guidance to licensees where exposure to neutrons may occur.
A1l of the above sections of the regulations are inspected for
compliance by the 0ffice of Inspection and Enforcement and
appropriate enforcement actions are taken as. discrepancies are
noted. The risks from neutrons per unit dose equivalent (REM)
are not different from the risks from gamma radiation for the
same dose_equivalent. In either case, the permissible limit
for occupational radiation exposure is as described in the
Code of Federal Regulations Section 10 CFR 20.101.

Data on actual neutron exposures, obtained from licensees when
employees terminate, have shown that neutron dose is a small
fraction of the radiation exposure received by nuclear power
plant workers.

b Singerely, %
’ ) \'(fﬂ/) “ Md’

* ‘ Brian K. Grimes, Assistant Director
' - forsEngineering and Projects
Division of Operating Reactors




Mrs, P. M.

Allen

= s -
.

e

i e

MAY 12 1978

4

o T sem e e




ol
SN a8 - - = ~ - #1 ¢ —rseae mared . ——p—

o e S8R - e

-
. WASHING TON, D. €. 2¢555 .

o ; -l--'/’ 5 .
A g ENCLOSURE 1
%, - 'g Wt RS ————————
0** O"P '
- ¥

' ' »az g3 WM
MENCRANDI! FOR: L. Higainbotham, Actina Director
Div. of Fuel Facility & l'aterials Safety Inspection, IE

FR0M: . D. G. Eisennut, Assistant Director for Cperational
Technology, DOR

R. H. Yollmer, Assistant Director for Site Analysis,
’ DSE

SUBJECT: - HEUTRON EXPOSURE AT CCMMERCIAL POWER REACTGRS

"He have received the attached memo frcm Glann Y. Zirmer in ocur Office

of Standards Develogpinent and have discussed the issue with him. It is
our understanding that the data on vhich he bases his concerns ceme frem
a Battelle Pacific MNorthwest Laboratery e?aluation of neutron alhado
dosimeters given to a health physicist of a PWR who use ‘“em in soie
unknown ranner, on reactor personnel. The people frem PNL wro ware
responsibls for evaluating and reperting the data were Leo Faust and

G. W. Enders. .

We discussed the data with Faust and Enders, and it was strassad hv thegs
individuals that the data dia nod imply 2 1acv of control by anv ’xcgr;ge
with respect to n2utron exposure. The data was gatrered a> an asid

“to a research procrém on gamma sXyshine dose rmeasurzments and for

most of the dosimetsrs listad in the attached mamo, the exnosuré was cni-
side the control of Faust and Enders. In acdition, it vas stressed py
the PML investicators that the eneroy spectral distribution of tre )
neutrons to which the dosimeters were exposed was not known. This means
that the interpretation of the rasults Trem the dosiaeters is ques-
tionable. The albedo dosimeter may overestimate exnosures by as muct

as a factor of 20 to 50 danending on the calibration sources. The
purposa of PML submitting the data was to provide a justification for a
research program pronosad by PML to H2C Resszarch to reasur2 spacirai
distributien of neutrons and the related calculatad nautron des2
equivalent compared to TLD neutron dose eru1valont ireasuramants. .

i’e have no reason to helieve that a pr ﬂHIrm exists at LHA's with
respact to personnal neutron dosimetry as long as tizir Szdiation
Proteétion Programs are aonropriataiy ie v1~ﬂ°n.ed °°ﬂt1" vy
Cuide 8.14 "Personnel I'antron Sasimaiars” gives accanrahi ;3““015
of measuring neutrca doses and dosz eou ivalznt expesures.
reantatory auida spacificzlly roca=rends against usa oF M7
for energies less thap about 0.7 iEVY. The gnide provides 2
acce nuab]= ﬂ°t“o s for daterpininn neuiron dose to nersoncal.

." r.: l
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Ve recuest thst I&F deternirn, diring normilly schedulad insmections,
uiether or not reacter licensees arz rerfoming angcreprialin neuiron
measurenents. 2y so doing, we can satisty oursetvos that recarmapded
nractices dre Lrinn carrizd cut

This review was perform&d by T. Murphy, RA3/DSE, and S. Bleck, EER/2CA.

-

Garrell G. Eisenhut, Assistant Director Richard M. Yollmer, Assistant Director
for Operaticanal Technolcogy . for Site Analysis

_ Division of Cperating Reactors Pivisien of 5ite Safety and
’ . . Environrental Analysis

Enclosure:
As stated

cc: F. Case
R. Boyd
P. Mattsen
H. Dentcn "
Y. Stello - o
D. Efsenhut
B. Yollmer
R, Alexander
R. Mircgue
5. Zimmer
L. Barrett
T. Hurphy
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April 3, 1978

MEMORANDUM FOR: S. Levine, Director, Office of Nuclear Requlatory Research

FROM: E. G. Case, Acting Director, Office of Nuclear Reactor
Regulation -
SUBJECT: STUDIES TO DETERMIME CAPABILITY OF EXISTING PERSOMNEL

NEUTRON DOSIMETRY SYSTEMS AT OPERATING NUCLEAR POWER
REACTORS TO MONITOR REACTOR NEUTRON ENVIRONMENTS
(RR-NRR-78-8)

NRR requests RES to fund a program for the purpose of collecting data on the
effectiveness of personnel neutron dosimetry proarams at operating nuclear
power plants. To achieve this objective there is a need to identify plant
areas in which significant neutron levels occur, and to characterize the nu-
tron spectral distribution in order to determine the dose equivalent rates at
these locations (e.g., containment areas of PWR's), so that occupational dose
estimates, provided by the personnel neutron dosimeter, can be compared with
the "true" theoretical dose as determined by the neutron spectrum and respec-
tive dose rate.pér unit flux for each energy interval at these Tocations.
Neutron exposures have seldom been observed (reported) using current measure-
ment techniques at operating reactors. We need to evaluate the adequacy of
present neutron monitoring techniques at reactor sites. Obtaining the data
in this manner would appear more efficient than requesting all licensees to
perform these surveys independently.

Status of Problem

Regulatory Guide 8.14 "Personnel Neutron Dosimeters" requires that licensees
supply personnel monitoring equipment to those employees whose exposure to
neutrons is likely to exceed 300 mrem in a gquarter. The Guide provides cri-
teria for acceptable devices and techniques for neutron personnel monitoring.
NTA film, a neutron dosimeter used throughout the nuclear industry, is not
sensitive to neutrons below about 0.7 MEV. Therefore, depending upon the
spectrum, the dose equivalent can be grossly underestimated. On the other
hand, albedo dosimeters, which are not quite as widely used as NTA among
power reactor licensees, are quite sensitive to lTow energy neutrons and can
overestimate the dose equivalent by factors of 20 to 50 (again depending on
the neutron spectrum and calibration technigue). Since most licensees do’ not
routinely measure the neutron spectral distribution at their facilities, the
devices worn by the workers, although acceptable by R.G. 8.14, may be provid-
ing inaccurate dose estimates.

Contact: S. Block, EEB/DOR
28066
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S. Levine -2 - April 3, 1978

Accurate measurement of the neutron spectrum requires specialized nuclear |
instruhentation and methods generally not avajlable to the licensee, ex-

’ cept through consultants. Therefore, few attempts have been made by 1i- \

: censees to determine spectral distribution. Several PWR reactors (e.g., ‘

Calvert Cliffs, St. Lucie, Milistone 2 and Trojan) have neutron streaming |

problems inside containment and are installing additional neutron shield- |

ing. This problem is generic, and considerable staff time has been de- |

voted to its resolution: This ignorance of specific neutron spectral ‘
distribution in occupied areas of containment is therefore of concern to

the staff, because incorrect dose assessments may result.

|

|

Information Needs

A study is therefore needed which can provide the followina data:

1) The neutron spectral distribution at selected locations inside and
outside containment of operating nuclear power plants. The measure-
ment technique should be of sufficient sophistication to show any
structure that may exist in the spectral distribution curve, par-
ticularly in the intermediate enerqy region (i.e., from 10 ev to
100 kev) which may contribute an appreciable fraction of the dose
equivalent. The neutron spectrum should also be characterized with
respect to geometry and any shielding perturbation that could effect
the measurement. |

2) The theoretical ("true") dose equivalent rate, at each location, de-
termined from the spectral distribution data of (1) and the Neutron
Flux Dose Equivalent parameters of 10 CFR 20.4(4).

|
|
\
3)  The neutron dose equivalent rates made at the locations selected in
(1) above, using rem counter devices such as the Andersson-Braun
neutron survey meter. Other devices that can measure neutron dose
or dose equivalent rates with at least the same accuracy as the rem '
counter, over the neutron energy region of interest, may also be
used in parallel.
|
|
|

. 4) The survey meter measurements, compared with the theoretical values,
to show the effectiveness of portable survey meters to read out
"true" dose equivalent rates of reactor neutron spectrum.

5) Measurements made using personnel monitoring methods described in
Regulatory Guide 8.14 at the selected locations in (1), intercom-
pared with the "true" dose equivalent to determine the accuracy of
each method. (Personnel monitoring exposure techniques should be
at the discretion of the contractor). Commercial personnel neutron
dosimeter systems should be used, as available, for each personnel
monitoring performance check (e.a., albedo personnel dosimeters
and NTA film).
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S. Levine -3 = April 3, 1978

6) Conclusions with respect to the accuracy of the various techniques,
grouped according to physical geometry and neutron shielding.

Cost and Possible Contractor

Battelle Northwest has submitted a draft 189 working paper to perform a
study of this type. Although their scope does not directly address sev-
eral issues of interest to NRR, it does contain the essence of these in-
terests. Other laboratories that could perform this study include
Lawrence Livermore Laboratory, which has developed a portable neutron
spectrometer used to study the neutron energy spectral distribution at
one nuclear power reactor; Savannah River Laboratory which has done
considerable work in albedo personnel dosimetry; Brookhaven Mational
Laboratory with experience in LET dosimetry; and the University of Wis- .
consin which has TLD expertise to perform these studies. We anticipate
that the required information can be obtained at a cost of about $100,000
for a one year study at 6 to 12 reactors. Seélection of reactors would be
made in conjunction with NRC.

Yalue Impact

He feel that this study is important in confirming that adequate personnel
neutron dosimetry is.being performed by nuclear power reactor licensees,
consistent with Regu]atony Guide 8.14. If it is determined that the spec~
tral distribution is heav11y weighted with neutrons of energies less than
0.7 mev, those licensees using NTA film may be grossly underestimating
personne] exposures. Appropriate actions could then be taken to change
deficient personnel monitoring practices. Conversely, those licensees us=
ing albedo dosimetry might have to re-evaluate their calibration procedures
if they are grossly overestimating their personnel neutron exposures. The
requested study will provide NRR the technical basis for developing any
needed additional guidelines or revising existing guidelines.

Sources of Information on Neutron Radiation at Power Plants

Several nuclear power plants have made neutron measurements in containment
in conjunction with shield reviews because of their neutron streaming prob=
1ems: These include Millstone 1I, Rancho Seco, Calvert Cliffs, Farley,
Trojan and St. Lucie. These data can be made available by licensees.

Other data have been reported at ANS meetings or have been developed by

AE firms (e.g., Bechtel, Ebasco, and Sargent and Lundy) for utilities in

conjunction with shield reviews.
s, ‘f

(AR
Edson G. Case, Acting Director #

Office of Nuclear Reactor Regulation

cc: See page 4




S. Levine

cc: Y. Stello
R. Minogue
C. Smith, Jr.
E. Yolgenau
D. Efsenhut
R. Yollmer
B. Grimes
W. Kreger
T. Hurphy
R. Alexander
L. Barrett
" E. Adensam
Gs Zirmer
J. Kastner
F. Swanberq
L. Cunninaghan
J. Foulke
Section R/EER
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FROM: Glenn Y. Zimmar, Sepiov il2zalth Physicist, SD:ChkS3

.Docuinants Transmitied to HRA by 6?05o8”1c‘ = °7ﬁ
P n

Fatlowing Receipt o X © fros
_ Representative dshr B, Ding HRC - Y TF
R Chairaan Jaeseph it. Head: )
) ) : /’/@n‘a .

p {j:l3~:7/q=, 7y A1

Radiation Effects Rescarch Foundation, Organizetion, Programs and

Findings, Hay 17, 1976.

Letter from W. D. Rowe, oh.D., Deputy Assistant ﬁdﬁini§irato? foé

Radiation Programs, EPA, to J. G. Speth, Hatural Rasources Dafense
Council, Inc., Aug. 10, 1976. )

€00-3243-5, pages 155-155,%Possible Hodification of the Theory of Dual
Radiation Action," Y.M.-P Lem and H. H. Rossi, 1976.

C00-2243-5, pages 166-173, “Inducticn of Leukémia by Fast Heutirons,"”
H. H. Rossi, 1976. )

Hemorandum from H. Peterson, ESB, SHSS, 3D to R. J. Mattson, Diraecior,
SHSS, SD, subject:iterits of Additional Studies by the National Academy

of Sciences on Radiation Injury, Nov. 1976.

" sukemia in Atomic Bomb Survivoirs, Hivoshima and fizgasaki, 1 Octoner’ 1950 -

" 30 September 1966," T. Ishimeru, et al., Rad. Res. 45, 218-233..(1e71).

"Isotropic and Cloud Source Irradiation by ionaenergetic tlautrons and Photens
T. D. Jones, and J. H. Poston, ORHL (Pre-publicatian copy).

QRHL/Ti1 6337, "Radiation Insult to the Active Bone Marrow as Predicted by a
[hethod of CHORDS," T. D. Jones (March 1973). )

. 02NL-5191, "A CHORD Simulation Tor Insult Asssssmeat to the Rzd Sone Marrow,”

T. D. Jones (August 1976).

"t eukemia Risk from Neutrons," H. H. Rossi and C. M. Hays (copy of paper
sibmitted to "Science®) (1976). .

"The Effects of Small Doses of Ionizing Radiation: Fundamental Bisphysical
Characteristics,” H. H. Rossi (copy of paper presented to the joint :
meeting of ‘the Radiztion Research Socizty and thz Health Fhysics Society,
San Francisco, 1976).
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HCRP letter Trom V. fogzr licy, Executive Dire
Council, Subject: Proposed HCIP Siztewent on
Permissible Dose Equivalent for ileutrons, wit
tallot (farch 24, 1975).

ctor, to Members of the
Reduction of the Maximum
it enclasuras except the

HCPP Report on Recent Actions of the Baﬁrd of Directors (1975).

Meomorandum from Allen Brodsky, Senior Health Physicist, OHSB, SHSS, SD, to
files, Subject: Summary of Information Obtained at Health Physics Society

"Heeting, June 28 to Juiy 2, 1976, on Rossi's Proposal to Lower Permissible -

Exposura Rates to Reutrecns (July 12, 1976).

Preliminary Value-Dupact Assessment for Task Initiation to Deavelop an HRC

Staff Technical Positicn on Meutron Quality Factors, G. . Zimmer (Hov. 1975)

{emorandum from R. H. Vollmer, A.D. for Site Analysis, DSE, to Dennis M.
Crutchfield, Leadar, Technical Suppoft Section, PSB, Subject: Concurrence
in 0S5 Task Initiation (Decembar 1, 1976). ' . y
Memorandum from B. Grimes, Chief, EEB, DOR, to V. Stelle, Jr., Director,.
Division of Gperating Rzactors, re: 0SD Task Initiation OH 704-8 (Dec. 3,
1978). : . .
.~ . . . . . . .
NCRP liemorandum Trom Thomas Fearon, Staff Assistant te Mambers of Scientific . .
Cormitices 1 and 40, Subjcct: Rossi Henorandum on teutron Dose Responsa
(June 21, 1976): ‘ ' ’ ‘

Letter from V. P. Bond, 14.D., Associate Director, Brookhaven Na%ional
Laboratory, to Dr. Lauriston S. Tayler, HCRP, regarding "“iICRP statement
Tor Reducticn of.Keutron Dose Limit" (iarch 16, 1973).

Zimmer's ccmnents on Y. P. Bond's comments on Rossi in Dond's letter to .
Taylor dated March 16, 1976. :

NRPB-RS?,-“Doses in Radiation Accidents Invastigatad by Chromosoma
Aberration Analysis YII, A Review of Cases Investigated: 1976 (received
from KRRC library, MHarch 15, 1977).

22. "“An Analysis of Leukemia Data From Studies of Atomic Bomb Survivors Based on

23.

-Estimates of Absorbed Dose to Active Bone larrow,"™ G. D. Kerr, et al., to

be published- in the Proceadings of the Fourth International Congress of the
International Radiation Protection Association, Paris, April 24-20, 1977.

"Low-Dose RBE and Q for X-ray Compared to ¥-ray Radiations," V. P: Bond,
C. B. Meinhold, and H. H. Rossi (sutmitted to Health Physics Journal, prepar:
April 1977). " .
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25. "A Proposal for.-Revision of -the Quality Factor,™ U. N. Rossi (Pre-print-
" ot ’fgh pubtication) (1977). . i

26. Letter fram R. J. Mattson, Acting Di irector, SHSS, SO,. to Karl R. Goller,
A.D. for Operating RaacLors, Division of Raacter Licensing, Subject:
- Standard Revicy Request: “jleutron and Ganva-nay'Flux—To—Dosc-Rate,Factors“
(September 24, 19/5) ) , . .

*"27. Letter with copy of Draf: ANST H656, Trom R. B. HMinogue, D1“ec»or, ifice

of Standards Devalonment, to Ms. Hary Crahan Vaca, Assistant Prograin
Administrator - Nuclear, AHST, SuBject: ANSI EGG’ (April 19, ]977)

Hemorandum frem G. H. Zimner, OAS8, to R. B. Minogue, Dire ctor, 0ffice of
Standards Development, SubJec hEUurCﬂ Exposure at Commercial Fowar
Reacuors (uanuarv 25, 1978 ) ]

' blemorandum frcm G. H. Zimmer, CHSB, SO, to Roger S. Boyd Director, Divisinn

of Project Managamant, Office of nuclcar Reactor Regulation, Suo:ect°
Neutroan Exposure at Commarcial Power Reactors (January 25, 1973)h

30. PH -2619/UC-48, Sixth ERDA Workshop cn Personnsl Neutron Dosimetry, July 11-1

1977, 0z2k Ridge, Tennessee. . .

31. Final Oraft, "Proposed ANSI Standard 323 Radiation Protection Instrumentatic
Test and Calibration” (Se puembur 1975 with July 1977 modificatiens).

32. BiL-2159,"A Test of the Performance of Personnel Bosimaters,” L. L. Hichols

(Npril 1977)
33. Oraft "Radiation Protection Based on Risk--Ho RBE," T. D. donas (1977)..

3%4. Preprint "Risk of Envirommental Cancer Based on CycoL0V1c1g/,“ T D. dJones,
et al. (1977). . .
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MEMORANDUM FOR: Robert B. Hinogue, Director
’ . Qffice of Standards Development

FROM: ‘ G. W. Zimmer, Occupational Health Standards Branch

THRU: - R. €. Alexander, Chief, OHS8 =~ . . ‘

: ' ’ I. C. Roberts, AD for Site and Health Standards i
R. G. Smith, Acting Director, SHSS

\

|

SUBJECT: , - --  NEUTRON EXPOSURE AT COMHMERCIAL PQUER REACTORS’

e - ..
Recently, because of my work on the Health Physics Society Progrem -
Committee, for which I am chairing a session at the forthcoming
Health Physics Society meating on neutron measurement and dose
assessment,. it has come to my personal attention that personnel at
commercial power reactors are receiving some neutron exposure which
heretofora has been unknown. Apparently these exposures have gone . |
unnoticed because of the inadequacy of the neutron measuremant . }
techniques employed, and insufficient knowledge of this field.

In accordance with your December 14, 1977 memorandum (Subject: In-
forming Licensing Boards of New Information), I am submitting for
your consideration a memorandum (Enclosure 1) to the Director,

_ Division of Project Management, Office of Nuclear Reactor Ragulation
calling this to his attention. . ’ .

i
1
1
|
%ﬁwzﬂszV"
| 1

G.'W. Zimmer .
Occupational Health Standards Branch

Encl osurev: . ) |
As stated ’

G —ref
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MEMORANDUM FOR: Roger S. Boyd, Director
- Division of Project Management
Office of Nuclear Reactor Regulation N

FROM: " .. Glenn Y. Zimmer
Occupational Health Standards Branch
Office of Standards Developmant

THRU: Robert B. Minogue, Director
. 0ff1ce of Standards Deve]opnent
SUBJECT: NEUTRO‘{ EXPOSURZ AT COMMERCIAL POHER REACTORS

Recently it has coma to my personal attention that personnel at some
commercial power reactors are receiving soma neutron exposure wWhich
heretoafore-has been unknown. Anparantlj these exposures have gone un-
noticed because of.the inadaquacy of the neutron measurement technigues
employed, and insufficient knowledge of this field. I understand that
neutron exposures of up to a few hundrad millirems in a relatively short
period of time (a faw hours or days) are poss1b1e (see attached Table 1
and Table 2). Additionally, I understand from another source that
neutron fislds of 25 kav neutrons superimposad on the 1/e neutron spectrum
exist at a PHR which is known about. Neutrons of this energy cannot be
measured by the NTA film which I understand is in use at that reactor.

I do not know if the time-coatrolled personnel neutron exposures at that
facility are baing reportad to NRC or not. .

The significance of this, in my view, may be concern about the adequacy

"of reactor shielding and the control of exposures to rsactor cperating

personnel. Tne praviocusly unevaluated neutron contribution to the total
dose equivalent may be signivicant, particulerly i¥ the current consider-
.ation of the neutron qua11uy .actor resuylts in the assignmant of higher
quality factors thereby causing higher ram values.

%/ :
Glenn W. Zimme \//

Occupational Health Standards Branch
* ) Officer of Standards Oevelcpment

Enclosures: Tables 1 and 2

4~1€
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Dosimeter ID No. Penétrat1ng
505 ©).65E82
507 1.42642 -
516 1.39E+2
517 1.33E42
518 1.3342
.519 2.42E42
520 4.51E412
609 1.36E+2
643 1.31E+2
645

(Note: €+2, etc., tybe designation is the exponent for the factor of 10.)

The above data 1s information that was passed on to me in & personal conmunication
the data as shown above for fast neutrons has not been corrected with a calibration factor.
thermoluminescent dosimeters were calibrated against Cf-252 instead of for the spectrum that was thought
to pertain at the site, it is expected that the fast neutron data may be high by a factor of 10.

1.43E+2

SPECIAL STUDY
SPECTAL PURPOSE BAOGES AT A PUR SITE

3

Skin

Table 1.

R e T N S T T

Fast Neutrons -

=

Thermal heutrons_

1.65E42 .

1.42E42
1.39E+2

1.33642

1.33E42
2.92E+2
4.51E+2
1;36E+2
1.31€42

1.43E42

4.76E-1
4.45E+)
1.50€40
5.60E41
5.53E+]
1.76E+2
A, 72E+)
4,12E-)
4.92€-1
6.27E-2°

",
1.43E+3
5.37E+]
4,67E+2
4.93+2

T~ 7.7ER2

1.06E+2

0
0
0

Dose = mféms

165.4

‘1616.5
194.2
656
681.3
1189.0
604.2
136.4
'131;5'
143.06°

'It fé.ﬁnderstood {ﬁét.
Because the

Therefore, -

I have personally applied a factor of 10 reduction to the fast neutron column of figures added the penetra-

ting exposure, thermal neutron exposure, and fast neutron exposure after it had been corrected downward by .
a factor of 10 to obtain a total mrem dose.

oo BAaBAL AWMLY N LN Snt A AN T IV O i 80 0.0 MRS S 00 ) 4 b TN 2 4 ML X A

& Candlal e ny)

TV IC P O Wy TNy

1
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"This is shown in Tab]e 2.
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Table 2

Dosimeter ID No. Corrected Fast’Neutron

5 memEmir @ Ge———e 5 2

" Yotal Neutron

C'4

e

505 .. 0 165.4

507 us 187.5 329.5 o
516 5.3 6.8 145.8
cie L 217 6.7 102.7 235.7

. 518 49.3 104.6 237.6 .

519 7. 253.1 495.1
620 10.6 57.8 503.8
B 609 0 4 136.4
3 643 .0 5 131.5
645 0 .. .06 143.06

The corrected fast neutron was obtained by decreasing the fast(neufron listed in Table 1 by a factor of 10.

The total neutron was obtained by adding the thermal neutrons listed in Table 1 to the corrected fast neutrons.

The dose in mrems was obtained by adding the penetrating and thermal neutrons from Table 1 to the corrected
fast neutrons from Table 2, ]
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" B. Need for the Pfonosed Action
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Preliminary Value-Impac: Assessment for Task
Initiation to Develop a NRC Stafi Techanical Position
on Neutron Qualicy Factors

x - . 4

The Propcsed Action

A. Descriptica . E

.~ Develop the NRC Staff Position on the need to revise 10 CFR
Part 20 to reflect recent scientific findings advaaced by

- Dr. H. H. Rossi, and to assess related regulatory practices
if the hypotheses advanced by Dr. Rossi are valid. This
task does not include ameandnment of the regulat‘ons if such
is warranted.

'

Dr. H. H. Rossi of Columoia University, utilizing the predictad
dose to bone marrow developad by Dr. T. D. Jones (1) claims (2)
to have determined that there is an-increase of leuvkemia at low-
doses of ncutroazs, aad recccmended an increase in the quality

factor (Q) for neutrons, thereby reducing the allowable exposure.’

The Office of Standards Development on June 21, 1976 established
_a’ task group to review and aanalyze Dr. Rossi's paper, and

" recommend action. The task group repor:t (attachosnt 1) and
supporting data (attachzent 2) were reviewed and the recommen-
datica of the task group report that NRC "iaitiate a thorough
review, soliciting ccmments 2ad discussion from others in the
scientific cormuaity to arvive at a valid decision, and recom-
mended action" was coacurred in by the Directer, Office of
Standards Developmeqt (attachzeat 3), who diractsd that activ-
ities to reaca a concensus NIC staff technxcal positicn be
initiated. .

C. ﬁeed for NEPA Assessment

None.

Alternatives

A. Alternative acticns are enumerated under Tab 4 of zattachmexzt 1.
B. Alcerpative 6 has beea judged viable.

Probable Value/Impact of the Froocsed Action

A prel.m;nary Value/Impzsct Apprazsal is included uader Tab 5 of
attachmeut i. Additional Value/Impact -nbo'na"zon is, enanlatLd
below.

»

Bl
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As* "NRC

c.

L]

The impact on the NRC staff of this action will be the expeadi~
ture of NRC resources to accomplish the task. This allocation

' of resources is not presently incorporaced in the OHSB objec—

tives and is not_ included in the SHSS five year plac. It is
anticipated that due to the complexity of the raview and acalysis*
the "accomplishment of this task within the requested 6-month
time-frame will cause a delay of initiation of some work within
0HSB. As an indication of the complexity, the NCR? has had

two scientific committees reviewing this work for approximately
six months. The value of this task is that it will demonstrate
that the NRC is an independent agency keeping abreast of current
developments in the nuclear area, developing its own independent
judgments, and taking action‘accordingly to assure proper standards
for radiation protection of occupationally exposed workers and

the public.

Other Govermment Agencies and Industxy

This task will not have any impact oa other government agenciles

or industry. However, if the result of this task is a finding

that Dr. Rossi is correct in whole or in paxt there. could be

impact upon other agencies.and industry, i.e., more research on
neutron dosimetry may be required, and those agencies and iadustries
that have persocnel working with neutron producing equipment or

' sources may need to revise their radiation protection programs or

‘fnstall additional shielding, thus a greater expenditure of funds.
The value of this task to other agencies and industry is that tkey
can be assured that NRC is keeping its standards commensurate with
available scientific findings.

" publice

The impact of this proposed action on the public would be the
expenditure of tax dollars to accomplish the task. The value of
this task to the public is that they can be assured that N¥RC'is

keeping its standards comeansurate with available scientific
findings - A

Relationship to Other Exisiing or Proposed Federal, State or Local
Regulations or Policies )

A.

Expected Conflict of Coaformance

It is not known whether or not other Federal, State or local

agencies ara evaluating Dr. Rossi's work, as is inteunded by the
initciation of this task.

*
See attached Memo.
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Recommendation

It is recommended that task initiation of the proposed action be

approved. .

.

»




M

(2)

-4
SUET .. REFERENCES e
T. D. Jones, "Radiation Insult to the Active Bone Marrow as Predicted

by a Method of CHORD's," Qak R)dge Nat1ona1 Laboratory Report ORHL-TH-
5337, 1976. : .

Harald H. Rossi, "The Effects of Small Doses of Ionizfng Radiation:

-Fundamental Biopnysical Characteristics,” presented at the joint annual

meeting of the ‘Health Physics Soc1ety/Rad1atlon Research Soc1ety,

san Franc1sco, June 29, 1976 )
3
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November 5, 1976

.

Mr. I. C. Roberts

As requested, the attached represents amy estimates of the Zmpact on
OBSB tasks and the resources required to accomplish the Neutron Quality
Factor Task assigned to me. This information iIs not detailed in the
Task Initiation as I did not know if Jdt was needed for concurrence by
other Offices or if it was for SD use in the decision process.

Justificatian for the amount: of my time estimated to be required is that
due to the complexity of the task I do not believe it can be accomolished
In less than six months of esseacially full time work. ' The NCRP has had

+ two scientific committees working on this task for about 6 months and has

« not yet reached the f£inal decision. Thus it is estimated that to develop
an independenc ¥RC position it is not unreasonable to plan on 1/2 of a
man year of effort on a task of this importance to radiological safecy
plus the other associated resources est.macad on the attached.

. Regpectfully,

Glenn W, Zimmer
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IMPACT ON OHSB TASKS AND ESTIMATE OF RESOURCES REQUIRED
+ Delay in initiation of the following OHSB tasks

OH 703-1 - Rule Change For Radiation Protection Instrumentation
. Test and Calibration

| . OH 702-1 -~ Inspection Exit Interview Rule Change
10 CFR Parts 30, 40, S50, and 70

OH 705-1 ~ Occupational ALARA Rule Change
) 10 CFR Part 20 ) ‘

Delay in issuance of Revision 1 of OHSB task -

OH 603-4 - Licensing Guide for Type-A Byproduct Material Licenses
of Broad Scope )

Presently it is estimaced that work can be completed on OHSB task

OH 610-4 -~ “Regulatory Gui ide for Licensing Laboratory Use of Small
. * Quantities of Byproduct Material ’

All of the above tasks are assigned to me,and it is estimated that the
Neutron Quality Factor Task assigned to me will require virtually Ful_
time effort to complete the task within the six month time fraze.

Resource requirame“CS.in addition to ay time are as follows:

Contracts with consultants at an estimated $100 per day .
$10,000 . _ -

Travel for discussions with experts and consultants .
$5,000 ..

oy
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4

REPORT OF NEUTRON QUALITY FACTOR TASK GROUP

»

v

Ou June 21, 1976, the Office of Standards Developuent established a task
group to review and analyze a scientific paper by Dr. H. H. Rossl. Dr.
Rossi recommended a reduction in the a.].'!.owable occuypational neutron
exposure, by a factor of 10.

The t:ask group has completed the assiguned task, and the report with
alternativaes and recotmeanded actior is attached.

> Glenn W.

Neutron 21lity, Factor Task Group

»

Enclosure o
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1.

2.

3.

4.

6.

‘QUTLINE

Review of NCR_P recormendations to date

Preliminary Analysis of Rossi's Presentation Regarding the Risks

of Neutron Radiation Exposure

Alternative actions

v

~

Origin of current NRC .limi:s

-

*
-

4

Preliminary Value/Impact Appraisal

Recomuendation

.
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REVIEW OF NCR® RECOMMENDATIONS TO DATE

.

The principal recormendations of the NCRP with regard to neutron exposures

have been contained in: -

) NCRP Report No. 20 (Haudbook 63), 'Protection Against Neutzron

. Raéiac;on up to 30 Million Electron Volts", November 22, 1957;

. NCRP Report No. 38, "Protection Against Neutron Radiation',
) . .

January 4, 1971, - * . . ' ' .

- -

NCR? Reporﬁ”kq. 20, Table 2, pages 15 (Eaclosure &), recémmended partic~
ulaxr QF's (then ter:ed "RBE'") and maximum permissible’neutron fluxes for
neu:zon energy ranges up ta 30 Mev., and recomzended a QF valus of 10, if

sufficiencly detailed information on neutron energy is not available.

. Y
.
4

.
-

_in NCRP Raport No. 38, Table 2, page 16 (Enclo;ure B), some of these

QF's were mecdified somewhat, although the recocwendad value for siteations
involving unknown energies remained at 10. These are tha currveat NCRP

recormendations.

3

With regard to limitations on whole body dose, NCRP representatives-took

part in a peeting at Chalk River with their British and Cacadian counterparis,

Aeime e
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September 29/30, 1949. At that meeting, it was agrsed to reduce the

then existing whole body dose limit of 0.1 r/day by a factor of about 2,
and to express it as a weekly limit qf 0.3 r/week, which was re-affirred
by NCRP Report 17 (Handbook 59), "Permissible Dose From External Sources

of Ionizing Radiation,” September 26,'1954:. However, in an insert to

" accompany Handbook 59, dated Jaiuarylé, 1957, ;nd an Addendum dated April

15, 1958, the NCRP introduced the concept of limiting cumulative career

dose, in effect a limit on average annual dose, set at S rems/year. This
¢

is the current NCRP recommendations, reaffirmed in NCRP Report No, 39,

¥Basic Radiation Protection Critaria", January 15,'1571.

. ~

N




Enclosure '"A" <

Table'2. Maximum pernissible neutron £lux

Time-average flux for 40-hour week to deliver either 100 or 300 mrems.

Neutron RBE -100 mrems 300 mrems,
energy ) .

Hev : ¢ n cm sec n ecn ' sec

n‘emloooooooo.cioootit

0.001...;.;.‘......o;oco

'005..0.000....00.0000-

.
wn
Wwn
-~
o
H

™
~J
o
[=]

002.000000.0.00..000‘.’
ol....h'.'oo'ocooooooob

.5..00.0’00'0.000......o..
¢

1
NPOoOOmUNDW
2]

o
=3

[

LV, ]
-
=]
L
wv

1.0'.0.000...0.0000..‘.0.
'2.5.000.0000000q.0'.00..

5.000..000.'00.0....0-00

~
-
-~
(7,
(=]

7050‘000.00..0.0.‘..000’

'100.0'00.00.00-00000.0000' 605 .. 17 ) . 50
10. tO 300.0.0000000.0‘0000'.0'.0..0.0000000 310‘ 330

aSuggested linice.
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ENCLOSURE "B"

<

TABLE 2-}ean quality faccors, *F, and values of neutron flux density which,
. in a peviod of 40 hours, results in a maximum dose equivalent of

ey wrpi e VOV AL B TBE.S mAmS S -

100 mrenm.
Neutron En.ergy * E‘. ~ Neutron
. Flux Density
HeV . . cm-zs-l
2:5 x 107> (thermal) - 2, 680
1x 1077 2 . 680
1x10°° 2 : " 560 )
1x 10 .2 . 560°
1x 107" ' T2 580
1x10 7 2. : 680
. - ~1'x 1072 ' 2.5° ' 700
1x10t ©7.5 : 115
sx107t ceo1wc 27
° 1 .oou _ 19
2.5 ' E 9 - : "20
5 ;o8 P16
] 7. | . 17
10 . 6.5 17
14 7.5 12
20 8 11 '
40 o7 10
. 60 5.5 11
) 1 x 10 .o T g ‘ 14
2 x 10° 3.5 13
) 3 x 10% ’ 3.5 11
4 x 10% T e 3.5 10

NMaximen value of Q" in a2 30-ca phantom.
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ORIGIN OF CURRENT NRC LIMITS

v

The principal prov}sions of the Commission's radiation protection regulations

are contained in 10 CFR Part 20, "sStandards for Protection Against Radiation"

The Commission implemeated the recommendations in NCRP Report 17 (Hand-
book 59) and NCRP Report 20 (Haudbook 63) by inmcluding exactly the NCRP
values for QF and neutron £lux in §20.4(d), see Enclosure "C", and

incorporating the new NCRP whole body dose recommendations in §20.101 (a)

- and (b), see Enclosuré'%D", both published in effective form on September 9,

1960. The regulations have not, been amended to incorpcraté the current

NCRP neutrod flux values published in NCRP Report No. 38. °

-
ks Y




. . . ENCLOSURE "C"

NEUTRON FLUX DQOSZ EQULVALENTIS

. Neutron energy (Mev)

Number of |
neutrons per
square cen-
timeter .
equivalent

to a dose of 1

rel (neutzous/
en?) \

Average
flux to
deliver 100
millirem in
40 hours
{neutrons/

‘em? per sec).

THETMAL.scoesacesosroncansoans
o;ooox....;;,..........;l.t...
00005.0ueieecsancascosesssosss
0002 seueeesesserasansnangenas
Oulevecsoscocssnassasonsncases
0.Sueeessseonssosssnassancaces
1o0uencocnceenseosrasasacasonn
z.s:....T.....................

500-.0..0.00.000..ooto..o.o.'t

7.5..00’....'00.‘..'.0.00....0'

10.00.0‘.0....00..0........00.

10 CO 30-00..00.000....00...00

970 x 10
720 x 10
820 x 10
400 x 10
120 x 10
+ 43 x 10
26 x 1G
29 x 10
26 x 10
24 x 10
24 x 10
14 x 107

N N O

[< 20K A S < )

N O O

o h O

670
500
570
280 . .
80
30
18
20
.18
17
17
10

. .7-36

- — —— =y am—— e
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»° ENCLOSURE "p*

§20.101 Exposure of individuals to radiation in restricted areas.

-
< ’ .

.

. (@) Except as provided in paragraph. (b) of.this section, no licensee

shall possess, use, or transfer licensed material in such a mannér as

to cause any individual in a réstric:ed area fo receive in any periloed

of one calendar quhrcer from radioactive patarizl and other sourc;; of -
radiation in the liqensee's possessién‘a dose in excess of the limits .
specified in the following :able;

Rens per calendar quarter
l.. Wh;lgjbody; head and trunk; active blocd-forming o:gané; lens of
eyesS; OF 20N2dS.csveccccocsceasscascsescanssl=l/b .

2. Hands and forearms; feet and ankleS..........l8=3/4 o ’

30 Skin of Vhole body,oooo‘ooc..ooo.000000.000.07-1/2

- (b) . A licensee Qay permit an individual in ; restricted area to
receive a dose to the whole body greater than that permitted under
paragraph (a) of this section, orovided. :

(1) During any calendar quarter che dose co the w&ole body from
radioactive ma:erial'and other sources of radiation in the licensee s
possession shall not exceed 3 rems; dad )

(2) The dose to the whole hody; when added to the accunulated

occupational dose to the whole body, shall not exceed S‘CN-IS) reas
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’

where "N equals the individual's age ir years at his last birthday;

and

»
.

¢(3) The licensee has detemined the individual's accumulated

oécupacional dose to the whole body on Form AEC~4, ovr on a clear and

. legible record containing all the inforna:ion required in that form;

and has otherwise compplied wiCh the requi:enen:s of 520.102. Aé used

in paragraph (b), "Dose to the whole body“ shall be deemed to include

any: dose to the whole bedy, gonads, active bloodforming organs, head and .

14
trunk, or lems of eye.,

v
- ——
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PRELIMINARY ANALYSIS OF ROSSI'S PRESENTATION

REGARDING THE RISKS OF NEUTRON RADIATION EXPOéhRS

. -

Dr. Rossi shows in his paper(l) and in his talk that the incidence of

leukemia in Hiroshima appears to be linear with dose to bone marrow
(as now re-caleculated as described in another paper by Jones(2>) and
most of the incidence of leukemla at Hiroshima can be accounted for

by the ﬁigher biologlcal effectiveness of the neutron exposure coaponeat,

Ou the other hand, he points out that the (excess) leukemias in Nagasaki -

¢ »
were almost entirely due to gamma radiation, with a negligible neutron

component. A particular non-parazetric statistical analysis published

b&'Kellerer and Rossi shows (according to Rossi) that the incidence of

leﬁkemia iﬂ,Néga§aki 4s more likely to be a quadratic raChér than linear |

relationship, resulting primarily from gam=a exposure.
An’ inicial examinaticn of Rossi's papeé indica%es zhat the resulting
risk estimates for neutron irradiation as based on present methods of

measuring neutron exposure and leukemia incidence would not be much

(Dyara1d =. Rossi, "The Effacts of Small Doses of Iomizing Radiationm:
Fundamental Biophysiczl Characteristics' preseated at the joint:
annual meeting of the Health Physics Society/Radiation Research
Society, San Francisco, June 29,_1976.

(2)1. D. Jones, "Radiation Insul:z to the Active Bone Marrow as Pradicted
by a Method of CHORD'S," Ozk Ridge National Laboratory Report ORNL-TM-
5337, 197e6. . .
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different tham originally estimated 20 or more years ago when the’-
occupational exposure linits were established, when proper correction
is made for the average depth ia bone marrow at which dose is defined.

This impression is bbcained from the followiug.calculations. According

to Rossi's own equations given in his preprinc, but not presented in’

his verbal paper, the neutron and gacma~related leukemia incidence rates
obtained from the Hiroshima and Nagasaki data are fitted by Equations (1)

and (2), respectively: . . .

where R 1is the avaragé nucber of leukemia cases per person-year,* and D
is in rads to the bone marrcw calculated as in che gore recent sophis:icated
computer program. (2,3) For gamma radiation Rossi fits che Eollowing

relationship to the data: T

(3)6. D. Kerr and T. D. Jones, A Reanalysis of Leukemia Data on Atonic
Bomb Survivors Based on Estimates of Absorbed Dose to-Bona Marrow
(Bealth Physics Division, Oak Ridge National Laboratory, Oak Ridge,
TN 37830), presented at .the Twenty~First Annual ﬂeecing of the
Health Physics Sociecy, July 1, 1976.

*The unit cases per person-year for R is used toc mean that the coefficileat

(3 x 10"5 persgif;i-rad) is to be mulciplied by dose. To obtain the total
nuzber of cases, R would be nultiplied by the number of persons exposed,
and by the average nuzber of years at risk after exposure. To obtain
the average incidence of cases/year, R would be multiplied by the dose
and the population size.
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R=18x07p 2 . @ -

where DY is the gamma dose at the mean bone marrow depth in rads.

If one assumes a quality factor of 10 for neutrons for occupational

Pl
.

exposure, as assgmed in the NCRP standazds that are incorpora:edﬂin 10
CFR 20 (the éormer Handbook 63 values), one should use a'facéor of 3'x 10-6
(cases per peéson-:em-year.at risk) as a risk factor in the firsc equation (1),
if Dn were to be expressed in rea, sivce the risk is fixed by the actual

observed cases of leukemia. This factor of 3 x.1078

is nocl;éry different
from the old factors of l-to 2 % 10-6/perscn-rem~year (PRY)*(A)’(S)’(S)’(7)
aééer exposure that we h;ve used for about "20 years, since the rise in leukemia
at Hiroshima and Nagasaki was first puﬁlished in Science in 1958. This -

is particularly true since Rossi has used dose estimates at a bone marcow .

depth that includes recent calculaticns of attenuation showing that the

dose at the average bone depth.is 1/4 of that near the surface of the

) »
’ ]

PRY means the risk factor must be cultiplied by the population size exposed
times the single dose in rea tizes the "years-ac-risk" over which the given
disease may appear after the exposures (and following the latent period), im
order to obtain the total number of observed cases of leukanmia (in excess
of those nacturally occuring). .

(&)The Biological Zffects of Atomic Radiatiom NAS-NRC Suxzary Reports (1960)

(S)Uniced Nations Scientific Cormiztee on the Zffects of Atomic Radiation.
Report. General Assembly, l9th Sessioc.Supplement No. 14 (A/5814), p.85, 1974

(6)International Cormission on Radiolcgical Protection. Publication 14.
Radiosensitivity and Spatial Distribution of Dose, Oxford, Zergazon
Press, 1969.

(7)The Effects on Populations of Exposure to Low Levels of Ionizing Radlaticn,
BEIR Report, NAS-NRC, (Nov. 1972).

.+ e oas * a »eenn
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**\body, and also about 1/4 of the neutron kerma to a small volume of tissue
. in free air. With this factor of 4 incorporated in the denominator of the

risk estimate obtained from the epidemiclogic data, it is no wonder that

"the risk factor in Equation (1) is somewhat higher than it used to be.

. The exact derivation of Rossi's risk estimates thus beaﬁs further investi-~

gation. ) .o~

-

. .
x

If we use the gamma dose at Naéasaki froa the highest group (whera most
4
of the earlier cases occurred), say about 100 rads, then the gacma risk

-6 risk factor applied

would" also come out consisteant with about a2 2 x.10
under tﬁe "linearicyﬁ as§uapcion (s#ith a D instead of D2 dep;ndence).
Anipal and, micro-dosimetric data may show that the neutron response is
more likely linear an; that the ga=ma response is probably curvilinear?._
and that the conclusions are pr;:hably well~founded regarding ct.xe increase

of RBE up to 100 or =ore as doses decrease to about 0.5 rad or below for

. neutrons.. On the otﬁer»hand, this increasing asé at lower neutron doses
ﬁay be due to a compariscn of the neutron risk with the much core rap%dly |
reduced risk as gacma exposu:e; are lowered, rather than a risk of peutron

. exposures higher than nad previously been assumed. This is another

.question that should be further investigated and clarified.
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ALTERMATIVE ACTIONS

Do nothing,

Wait for NCRP action to deternine what action NRC should take.

Accept new analysis and issue a Rule Change.

¢
Reject new analysis as not valid.

~

-

. Iniciate a thorough review, soliciting comments and discussion from

others in the scienzific community to arrive at a valid decisiom, and

recocmended action.

"

Publish a Nocice of Consideration of Rule Change and solicit commeats.
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PRELIMINARY VALUE/DMPACT APPRATSAL

The Nuclear Regulatory Commission as an independent agency should

keep abreast of current developments in the nuclear area, develop ic§

A RIS T 7 b b A 0 W 30 9 iy w2 S - 0

own independent judgments, and take action ac;ordingly. ‘This deing the
case, Alternatives 1 and 2 should not be considered as poteatial solutions.
* Due to the complexity, limited time zllowable, and the lack of sufficient
} : coqfirqed information, it is not possible to make a valid seientific
] decision to accept or reject the new,analysis’ac this tire. fhus, A;:ér~!
naciv;s 3 and 4 should be eliminated from further consideration. ' The task
1 group is unanimous that addizional information must be gathered, rveviewed,
3 . and discussépns held with others in the scienc%fic community to arrive at a
valid decision and to be aBle to.recomzend action. Siuce a decision cancot

‘be made at this'iine, it i3 considered unwise to issue a public Notice of

Consideration of Rule Change as this could create councern which might provae

IPIP VST PYIY PP O

to be unwarranted. Thus, Alternative 6 is cocsidered as the only viable {

)

‘ 1 .alternative uﬁcil a thorough review can be completed.

‘- ‘ L A‘thorough review and azalysis is necessaéy to assure that valid.
'occupa:ional tadiation protaction limits exist to proceéc.worke:s and the
‘public. Although defimitive data are noe available it is estimated that
there may be about 3000 workers in licensees' facilities receivi;g sone
neucron.exposure, arnd the numb;: of cccupationally exposad individuals in

activities not licensed by NRC, but which have chosen to follow. NRC regula-

-
PP TP TRPYPE CIUY TPV IPOrT] WISy T PV Sorrr

tions for purposes of radiation protection may exceed 30,000 individuals.

-
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. It is not intended to fully assess the impact of decreasing the

allowable neutron exposure unless it is shown that a reduction is
warranted,
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«  RECOMMENDATION

-
- .

éhe NYeutron Quaii:y.Factos Task Group recommends that Alternative 6
be selected as appropriate accion.. Due to the ceomplexity of the review,
the following method would ensure chéroughness and reduce the commitment
of resources needed to accomplish the task: assign an individual full
time to the review and use the Task Group as a review comittee té assure .
that technical questions/challenges wculd not be overlookad. "It is

tentatively estimated thac.such a review could requira 6 months and that

travel and use of consultants may be required. ) .

- -
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¢ ACTIVITIES UNDER NRC JURISDICTION o e ot
. . . . T # of Persons Under
Type of Facility . : NRC Jurisdiction With
Potential Neutron Exposure ’
252 (llosp. & Res. & Schools) (not coum:ing 400
negligible exposurc to studeats)l - . . .
Research Reactors? * 39 @ 15 people ca. : 585
3 . Assuning lic
0i1 Well logging . . . 200 sources are .
| Accelerators ) 81 @ 10 pcople e2. 810% then persanc
| » Fuel Fab and ‘ . ' . . ) exposure is
| 5 . . . . . in WRC jurdis
\ ARepr.ocess:’.ng . 7501 16m,
1 ' : :
Total number of persons with poteatial neutron cxposure 274523000
under NRC jurisdictioa.: . . . ‘ :
| : ~ ’ - -
‘ < ACTIVITIES NOT UNDER NRC JURISDICTION
: « - . . : P . t
. . K # of Persons with
{ Activity . . . ..+ Potential Neutron
] . Lt . . . Exposure
4 ' re . - .
3 £rDAS N : .- :
K Reactor ’ ) . : 2730 .
| 3 Fuel Fab (~1/4 of total rzonitored) T 250 .
| 3. . Fuel Processing (~1/2 of total moritored) . -+ 750 -
i. - Accelerators - . , . 2382
3 Weapons ‘ . 7846°
; Irradiation Facilities . 24
‘ 3 : : 13982 == 14C0Q
‘ ; . l')OD7 (Facilities not under NRC licexse) . :
E Amy -t 500
| 3 Navy . . . 12000
| 3 Air Force ) . .. ’ 1500
E 14000 = 1400
3 Total not under NRC Jurisdiction a 280C
Total Number of Persons with Potenzial Neutron Exposure 310¢
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This estimate was obtained from the Demonstration Centers in Louisiana
and San Diego, California. Each cfgfcr estimated 100-300 individuals
receiying neutron exposure from CE°Y“, Therefore, the median estimate

.from each center was 200 individuals.

There are 70 rescarch zeactors in the United States. It is estimated
that 39 of them may have either neutron baams or thermal columns.
Purther, it is'assumed that there may be 15 people occupationally
exposed due to their work, or their research. Although there are
54 power reactors, 1l experinmental reactors, 6 eritical assewblies;
2 test reactors and 19 DOD reactors reviewad by N2C, it is assumed
that neutron exposure would be minimal even though some occupationally
exposed personnel may eater containzent during operations.

This estimate was obtained £rom the Radioisotopes Licensing Branch.

In 1964 there were 224 accelerators in the U.S. The estimate is based
on°the fact that some accelerators have ceased operation and ochers

bave been puilt; therefore, it is assumed that at least 81 are im , =~ *-
existencé that caa produce neutron expesure. Furthar, it is assumed.’
that there are 10 oparators and/or experimenters per rachine that could ,
be receiving some neutron exposure through the shieldiag. -

In 1975 there.were 5602 people that receivad measurable occupational

exposure in thesa facilities. Currently there are probably less than -

150 that receive neutron exposure as there is only one plutoniun :
facility active. The estimdte of 750 is based on the assumption that

other licenszes may again bacoze active. :

This information twas suppliad by the Health Protecticn Branch, Rivision
of Safety, Standards and Cozpiiance, and represants personnel with
measurable exposure, some of which was assumed to be neutron.

"
.
. " - -

Estimated numbers: Does not include any reactor expesure.
. : . >
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REACTORS - L ER
14 reactor facilities reported terminations with the personnel exposures . ,
shown by type of radiation. ' ‘ .
207 people had neutron exposure. ) .

If the quality factor were raised by a factor of éen, then the
personnel exposure would be higher by a factor of ten and 6

people .would have had a quarterly exposure to neutrons of:
. y " 3.1 Rem
hd &005 Rc'm
. 5.2 Rem
. * 7.4 Rem .
) 10.0 Rexm
10.5 Ren

-
A4 -

FUEL FASRICATICN ’ - '

5 facilities reported terminartions with the exposures shown by type of -

radiation. . e 7T . .

114 people terminated had only meutroa exposure.

- Total number terminated by the 5 facilities was 143 people..

If the quality factor were raised by 2 factor of ten, then the
" personnel exposure would be higher by a factor of tem'and 20

people would have tad annual exposures ‘to neutrtons of:

- 5.86 Rem’ ] 9.88 Rez
. . 6.69 Ren . 10.5 Ren
7.32 Rem . ., 10.81 Rea
. : 8.70 Rem ~ : . 11.06 Ren
9.04 Fem ' 12.46 Rea
9.13 Rea . 12,61 Rea
9,14 Rex . . 13:72 Rem
* 3,20 Rem . 19.20 Rem
* 9.51 Rem. 22,35 Re -
8.78 Ream . 22,40 Re=




SCLANAS Lo

Aatelbatd

N - .- .
- . - 0- " 0

r oI, . UNITED STATGS
& X . NUCLEAR REGULATORY COMMISSION )
IR0 _,‘El@z’ 3 WASHINGTON, D. C. 20555 .
% VoS £ . :
AT 4t 0CT 22 1975
2 » - .
. Fraa® : )

Roger J. Mattson, Director

Division of Siting, Health and
Safeguards Standards .

Office of Standards Cavelopment

REFORT OF NEUTKRCN CQUALITY FACTOR TASK GRCU?

I have reviewed the Avgust 20, 1976 report by Glenn 2immer ard the
Neutron Quality Factor Task Group. In additicn I have studied

and discussed with R. E. Alexander and Zimmer preliminary value
impact information prazared by the Cccupational Haalth Standards
Branch concerning potential neutron.exposures in the United States.

I £ind this information suvfficient basis to initiate activities to
reach a consensus NRC staff technical positicn on the need to revise
10 CFR Part 20 to rafieck recent scientific findings advanced by

Dr. H. H. Rossi (alternative six of the Task Force Raport). Furthez,
although the numter of employeas of NRC licensess exposad to” neutrons
in their.work is low and the exposurs levels ars low, my discussion
with Alexander and Zimwer has indicatad to me that if the hypotheses
advanced by Dz. Rossi are correct, changes of a2 broad nature it

some of our regulatory practices may well-te indicated. For exanmle,
requirements and practices ralated to who should be monitored,
techniques of neutron dosimetry, storage and handling of neutroa
dosimeters, ozerational and procedural controls to raeduce unnecessary
neutron exposure, ard other similar factors may need.to be changed
where, by currant standards, rresent exposures are at de minimus levels
but would take on mors significence if the standards were modified by
a factor of 18. Your work should be urdertaken from this broag
perspective ard not simply as a potential charge in Part 20.

Please arrange for ccrmencament of this work within the other ongoing
programs.of vour Division. Tae position should be develcped within
six months. I urderstand that this can. be accomlished without
disruption of geals and objectives of the ongoing.proyram of the
Occupational Health Stardards Branch.

oAt 13, %z,z

Robert B. Mincgue, Director -
Office of Stardards Pevelom:ent

x

cc: Robert E. Alexander
Glenn Zinmer . .

GosC
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a smail target site or cluster of cells within an org;n such as the
mandible, or a center such as the 2entra1 nervous, or active bone
marrow system. For sbme effeéts. cells or sensitive sites within
cells may not be irradiated uniformly because of discrete energy loss
events and microdosimetri; considerations (Rossi, 1975) may be
desirable. OQOn a more macroscopic scale, chronic effects,sucﬁ as bone
sarcomas or even leukemia may, in some cases, be diréctly related to
hiéﬁ]y localized exposures such as usually encounterad in'radiotherapy
of tumors and the maximum absorbed dose at a particular site (mass of
a grém as opposed to an inte%ce]]ular_site) éay be ma;e meaningtul
than the' mean absorted dose to the cocmpleta aciive marrow system
Wilson and Car;uthers, '1962;' A. R. Jones, 1973). Fétiiled
distribution of phaton dose t; séeci'ic agtiye marrow regions for A-P,
P=A, rotational, and side (lataral) incidence have been published and
should be readily ;ppljad to mény situ;ticns of 1interest (Jonas et
gl.,' 1973; Clifford and Facey, lgfo)h Fo; radiation protacticn and

are risk

5

[}

risk énal&sas from acute efTects and t%ose chronic effacts w
{s thought ta be proportioéa1 to the insult to the systam such as
u;ual]y ;ssumeé f%r leukemia, it is oftan‘not pessible or desirable (o
establish insult-response tyge correlations cn 2 micrascepic level.
Therefore, it becomes necessary to assign 2 "mean" insult or risk to
a non-tniformly irradiated ;critical organ”. ' - -

One approach to the dosimetry of a non-uniformly dirradiated

. =t

eritical organ, such as the red bone marrcw system, is to use 2

probability density distributicn of length, referred o as a CHORD

length distribution. Any specific CHORO or g {2} d2 distributicn is
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CRITICAL HUMAN ORGAN RAGIATION 00SIMETRY FOR THE
" .. ACTIVE BONE MARROW™

=
.

Abstract ettt .

Critical ﬂyman. Organ Radiation Dosimetry (CHORD) probability

density functions for A-P, P-A, bilateral, rotational, and isatropic

1ncidenbe, plus simple depth-dose data, permit the rapid estimation of
the radiation insul: to the active red bone marrow system of the’ ICRP
Reference Han. The CHORD concept” follaws the variations in the
microscopic processes of abscrption, attenuation, 'and scattaring on a
macroscopic "level so that it is not necessary to.éttempt detailed
calculations~for each anﬁ every case of interast. Similar techniques
have been,appT?gd to reactor critic;]ity §a1culaticns and the general
logic of the CHORD process can be applie& %o any.'cause-respcnge typé )
situation which ‘can be described in terms of variation with distance
in the medium of interest. Usses to active bane marrow from exposures
to photans and neutrons are presentad and excellent agreement was
found with the Tew available axpeFimentaIwresuIts. .

Intraduction to the CHOAD Cencant

Hhen a bioorganism is subjected to 2 rad{ation environment, a°’
eritical organ or region cf greatest risk usually is irradiatead non-
uniformly if the linear dimensions of the critical or;an are not small
or the depth of the critical organ within the bicorgznism is nct large

compared with the mezn-free pathlengths of the irradiating particlas.

"Radiaticn insult specific analysas are usually based cn dose to cells,

*Research sponsared by the Energy Research and Develagment Administra-
tion under contract with Unicn Carbide Carporation. :

G~ &/
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obtained by assuming that the critical organ is simply a volume of

";constané-density, and for each differential unit of mass dm, chosen by

Monte .Carle techniques, the minimum distence £ to the closest

"J {rradiated air-tissue interface is uniquely determined. This process

,,15 continued until p (2} d& is well known statistically.' Chord

.

usually implies a straight line through two points on the surface,

.e.g., the skin; howe?er,_ in this paper CHORD is an 2cronym derived

fromrggitica1 Human Qrgan 3§diatibn Dosimetry and represents only a
specific portion of a "true Chord". The CHORO concept is illustratad
in Figure 1 and the CHORD or p{} dg distritutica provides -
"weighting" factors for an integration over a'speéific {nsu1t such ‘as
a “multicollisioﬁ“ depth-qose curve for the source ge;metry -of
interest. I : iz

Py

’ .CHQRD Aoolications to Red Bgne Marraw

.' Figu§e 2 “{llustrates the distribation ;f‘the active red bone
marrdﬁ in the normal adult and the corresponding anzlog for cur Monte
Carlo” transport code. In the adult reference man (1cze, 1975)‘thefe
are 1500mgrams of active red marrew and 1500 grams of yellew marrow.
which. are predominately fat cells. :Inactive yaliow marrew may Le

transformed quickly into active marrew by a stimulus such as bleeding

"or i{nfection; yellow marrow in bone shafts is known to contain some

(

active cells hut, in gereral, the propartion of active cells in adult
yellow marrow is usually considered to be small (Spisrs, i366). Thnus,
for most situations of interest, only the red marrcow racaives major

consideration. .

x . @ =63
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SKULL ° L1349

. (
VERTEBRAE 28.4% 4
RIBS + STERNUM " 10.2%
SCAPULAE . . 4.8% .
HEAD AND NECK  ga
OF BOTH ARMS P
_ BOTH CLAVICLES- . .1.6% o
N : : o
. HEAD AND NECK
5 “‘% ) OF BOTH LEGS 3.8% -
: PELVIS " 36.2% oo ®
TOTAL AMOUNT OF RED BONE .
MARROW: {500.g
, /| RED BONE MARROW - & % h
) COMPUTER ANALOG OF A NORMAL ADULT
. REFERENCE MAN . . .. «+ (HASHIMOTO 1060)

Fia. 2. Distributions of the Active Rone Marrow.




The importance of a risk estimate based on radiation damage to
the active marrow system cannot be overstated as bone marrow damage

usually will be the major mechanism in radiation death ‘and  acute

xradlation sickness sterming from whole body {rradiation because it

oceurs at much lower levels (Facey, 1963; Hald, 1975) than death. or
incapacitation due to radiation damage . of the gut mucosa or the
central nervous system. For sub1etha1.critica1ity accident exposure
levels, 1levels of interest in radiation protection, and population
exﬁgsure levels, the most demandin§ recommendations of the ICRP (1564)
relate to the maximum permissible dases to the‘gonads ;nd' the bload-

forming organs. - In radfation protaction, the testes are usually

_ considered to be the critical organ of primary interest because of

their shallow location and because of the difficulty of estimating the

bone marrow insult bowever; i{f the exposure leval subjects an

- fndividual to consideratle risk, then an estimation of the insult ¢to

his active m;rrcw system could be advantageous for determining what
medical treatment shculd be administered promptly (Wald, 1975).

The dose at 2 penetration depth of 5 cm 1is often chosen to
deécriba the insult to the red bone marrow; however, for photon
ir}adiﬁtion the "5 cn rule" is often in error by a-factor off WO and
is expectad to be even worse for neutron irradiation; This
approximaticn tendsnto retain pop&1arity in spite of {ts inaccuracy,
because the ved marraw is distributed wide]y in the skeleton. The

skeletal d rzbu;xon shown in Figure 2 11|ustraues the fact that, in

general, no specific depth can be applied for diff erant expcsur°




-

. \::.i, . " .
* geometries and different {rradiating particles or even different

»*

energies of particles having the same nature.
E For-internal dosimetry, especially for radionuclides deposited in
or near the skeleton, a precise calculational anzlog of the active

13 .

nmarrow systen requires sciie pastulations about cavity sizs variation

and the d1str1but1on ot these m2rrow cav ities within the skéleton.
However, iqr most situations of external exposure, the active marrow
may be assumed to be uniformly decositad in cert;in reaians of the
skeleton. This simplificatian is possible because or external
exposure, distance versus {nsult (dose) variaticn is much less than
for internal radionuclide depositicn whare the insult (dose) usually
varies éven“-moré rapidly than inversely with the square of the
distance, - Ther° are two oppos1ng effects that also influence the
photon ;bsgrbed dase to marrow. These effects are the increased

shielding by the bone structure and the enhancement of dose near the _

higher 2tomic number bone tissue (Sgiers, 19€8; Wilson and Carruthers,

1652) . - As' -demonstratad -1a%er, the net influancz of these oppasing
oo * ' L d

effects is usvzlly considersed to be small- far extaraal exposurs

althougn such”is not always the case for.intarnal emittiars.

- jf * CHORD Oistribution 2nd Marrcew Gosas

. F1gure 3 and Table 1 present CHQRD density functions for active

. marrew; in the Reference Man Phantem (ICRP, 1973) for A-?, P-A,

bilateral, rotaulonaI and isctrogic exposure. Cue tg the nziure of

the CHGCRO conc=pt and ths general convexnass of the Reference Man

Phantem, there 1{s no differentiztion between 2x- and 4x CHCRD

distributicns; however, dapth-dase curvas will reflect the difierent

-

7-¢7
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© " Table 1. CHORC p{2}ez Values for Active

Marrow in Reference Man.

2 .(cm)

Rotational ey AP A P-A cv Bilatesal ey lsotsapic cr
0-05 00513 6 00626 3 00718 3 0.0138. 2 023t 3
05-1 0178 3 0157 2 0252 1 0420 1 0658 2
1-2 © ° 0608 2 0412 2 0716 1 IS 1 JA54 2
2-3 0508 3 031 2 079t t J14 1 J126 2
34 0465 3 0340 2 0850 1 J110 1 0944 . 2
4-5 0505 3 0442 2 107 1 -133 1 152 2
5-6 0662 2. .0730 1 126 1 173 1 J79 2
61 0744 .2 0132 1 109 1 160 1 136 2
-7-8 0705 2 0748 1 0306 1 0966 H 0586 2
8-9 0703 2 0738 1 0756 H 0359- 2 - 0105 - 3
9-~10 0603 2 081 1 0626 1 00688 4 ..
10-11 0482 3 0522 1 0440 2
11-12 0380 3 038 2 0207 2
12-13 0311 3 0292 2 0127 3 . 2o
13-14 0292 3 0849 . 1 0121 3 .
1415 0282 3 0658 1 D119 3
15-16 0258 4 0615 1 0123 3
16-17 0285 3 0643 1 0129 3 . .
17-18 0233 3 0492 1 0130 3
13-19 0237 4 0231 2 0154 3 . .
19-20 02417 4 0189 3 0168 2
20-21 0218 4 . . .
21-22 0169 4 . : h
22-23 0135 s '
23-24 00985 § .
24-25 00866 6
25~26 00787 7 :
26-27 00672 7 . . .
27-28 £0699 7"
28~-29 00545 8
2930 00562 8
30-31 00335 9
31-32 00276 11
32-33 00194 13
33-34 00170 14 .
3-35 00147 15
35-36 00184 14
36-37 00126 16
*37-38 00164 14
38-39 000988 19 :
39—0° 000331 32

*Cocfficient of vasiation in peszeac,
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exposure geometries. The peak at2 cm for rotational and isatropic -

exposure is due to the shorter penetration distances tu the side ribs
and upper arm bones while the more important peak at about 6 cm is
predominantly from the vertebrae and pelvis, The CHORD distr1butions

are influenced strongly by the pelvic reg1on and the thoracxc

vértebrae which contain about 36% and 28%, respectively, of the total

actiye marrovi. In Figure 3, £ varies to 40 .cm for rotational
exposure because it was assuméd that rotational CHGRD dose estimates
will be obtained from broad beam depth-dose data. For bilateral and

1sotropxc exposures, £ yaries to 10 cm because depth-dose data is

expected to be relatad to the mnminimum d1stance to . the closest—

irradiated surface. .

The CHORD distributions from figure 3 were used {in conjunction

with depth-dose curves(see Figure 1) according te

-. Ored marrow =Z 9(2)7 « plL} » &2 "

because all CrORD d1s»r1butxons were normalized to unity. ?Photcn dose
to . the active marrow as predicied by the CHNRD -concept is shcwn in
Figure 4; however, bilateral and rotational results are not shown
. because of close agreement with the results for A-P expoéura.

Figure 5 provides active marrow dose relative to exposure at the

front of the chest’ for A-P incidence. Alun Jenes' experimental

results (1954) are inciuded and the mean deviation between the two

metheds is only 8% to’I.ZS Me¥ which is high into the Compten range
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shown {in Figure 6. Fxgure 6 is intended %o serve as a guideline for
applications of the method of CHOROs to critical rgg1ons in or nes

bone tissue. ' Experimental results were not available for higher
energies. Column 4 in Table 2 represents estimates from the CHORD
method” and Eo1unn ‘8 is ron our tonte Carlo transport code (Janes, et
gi,, 1973). These values shown in colunn 5 _were ca1cu1ased at the

time of the cited refersnce but have not been puslished previausly in

this form. The ﬁonte Carlo results show excellent agreemant in the

photoelectric region (see Figure 6) bu; seem to become incre asingTy.

{naccurate in the Comptan region. qus unexpec ed characteristic of

the Monte Carlo rg§u1ts defies explanation at this time but the efTect

will be investigated. _ . " -‘ " )
The igportant practical case of dose to the active marrcw from

broad beaﬁ incidenca en a constantly rotating phangcm is shown 1in

Figure 7. Experimental results fromfwi1son and Carruthers (1955),

Mlun Jones (1984), and Facey (1968) may have suffersd slight -

disfiguraticns due  to replotting, but al1 appear- to have been,

normalized to' the same ordinate at 23C ke¥Y.. Much concern has bean-

-expressed (Facey 1968) about whether marrow dos2 per unit exposurs
! . g

should increase monotcnically with energy as ‘noted by Hilsen and
Carruthers (1962) or whether it shculd pazk at about 160 ke¥ as notad
by Alun Jones (1964). The d1fferenu shapes have bean consid red due
to energy degradation Wwithin the phantom and the fzct that the
doatector systems of Alun Jones (1954} and Wilsen and Carruth ars' had 1

energy dependencas in opposite directions {Facey, 1968).
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Tab]e 2. Active Marrow Dose Re]ative to. Dose at the Front of

L. the Chest. . . .
o .Y ~ENERGY (MAR26W) ) (GHEZTj" : © CHORD b MONTE CARLO™
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. At th;s time, it seems more probable that the different shapes
dre due primarily to the fact that if_ong considers the shape of the,
curye describing the ratio of thé‘photon fluence per unit exposure as
a function of photon energy (Rad. Health Hbk, 1970; Fair, 1957) ‘then
the dose response curve must have a shape tﬁﬁt peaks abaut 100 ke¥
because the fluence per unit exp§sure varies mérg rapidly with energy
than does the abscrted dose to the marrow, and sacondarily to the fact
that Ni?éon and Carruthers assumed that 60% of the active marrcw
received 2 dose similar to that measured in the thoracic vertebrae and

.

40% received a dose similar to that measured in the Istérnum*. The
CHORD doses. are 1in excallent agree;ent with Fage&'s results.(19€8),
except for a consistent 12% overest}mat{on: ' This daviatien is
attributéd to the facts that (a) 13.1% of the actiVe mar;ow is in the
skull (sée'?;gure 2) which Facey did not include, (b) exparimental
results from Facey . appear Eo have been ,noréa1ized to gther
experimental results at 250 keV, (c) experimentally cbtained dosas to
the aétive marrow system necessitzte the assumpticn of an “effective.'

mass center" of zach impertant marrow region (Clifford and Facsy,

1970)** , and (d} the CHORD estimate did not allew for increased

. attenuation by bene tissue shialding the marrcw. A4s saen in Figure §,

*This methad of averaging would tend to underestimate dcse at lgwer
energies because as Facesy (1688) points cut, the “"pelvis dcminatas
dose at higher esnergies follcwed by the theracic vertabrae and sac-
rum down to 30 ka¥%. There the ribs enter sacond piace and telow 30
keY the ridbs deminate.”  Facay (12€3) attzmptad to rasolve difficulties
in the rotational case and his results are shown in Figurs 7.

**For precision, this "aifective mass center” weuld have to bte “"waighed"”
proparticnally to dose variations in the loczl volume of intarast;
however, mast experimentars appear to have usad the mass centrcid,
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this effect is not large except for extremely low enérgies. At the
low energies, dose to the shallow marrow beccmes dincreasingly
{mportant, as is shown by éhe rapid attenuation of dose as a function
of depth, and most experimental results are expected to be somewhat
iow because of the method of averaging...:CHORD dosa §a1ues were
normalized per unit exposure according_ to the Rad. Health Hdbk.
(1970)*, 1In spite of factors a, b, ¢, and d, excellent agreement for
A-P estimates (A. R. Jones, 1964) and rotational "estimates (Facey,
1968) compared with the method of CHOROs is observed. Figure 4, which
shows ;he‘ dose to the active marrow for axposure to monoenergetic
photons, suggests that if one {s concerned cnly about. protection of
his bone marrow, he should not do the instinctive thing and turn his
' back, but instead sheuld face the hazard while backing awa}. The same
effect was also obéé;ve& by Pigécﬁ (1268) and halds for thg neutron
data” in Table 3 which i11ustr;tes dosa to the acti&e marraw frem
expasure ;9 ménoenergetic neutrens. Scme of the data in Table 3 are
* plotted in Figure 8 {or ease of application. B8ilateral and rot{ticnai
results 2are not shown in Figure 8 because of their closz agrpe#ent
with the resuits for A-P exposure., Absorbed dose fTrcm neutron
produced recoil d{cns is usually charactarized by the hydrogsn atcmic
density, because about 76% of the absorbad doée‘is dus o %nterac:icns .
with hydrcgen atoms for neutron energiss teleow 14 He? (Auxier, 1882;

Jones, 1974). Standard soft muscle +&issue coatains about-162 by

* B ! '
Poston's conversion values of fluence per unit exposure for the Raf-
erence Man tissue composition are, for all practical purpcses, egual
to thase .in the Rad. Kealth Handbook.
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Table 3. Dose to Active Marrow from Neutron Produced Recoil Ions o R
. - as Predicted by CHORD Dj's\tributions. )

FREE-SPACE®

. ENERGY . KERMA - p-A** A-P BILATERAL  ROTATIONAL ° ISOTROPIC : ®
025 gV 2,1 21 - L2 L4 L6 70
1 kv L0 3.3 22. 21 - 23 Ll
10 kv 10, 4,1 26 .- 26 2.8 1.6 -
100 KeV 70. 12, S R 9,2 5.4 2
1 kv 230, - 110, 67, -~ .. - 75 47, _
2.5 MV 340, 210, 180,  ..150, - 190. - g, o+ 7
M MV 690, 590, 520, 40, - 5HOL 330, - ‘

“ - .
X 10 .9 ERGS/ (GRAM-FLUENCE NEUTRON)
** v 107*! RADS/FLUENCE NEUTRON
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weiéht hydrogen and has a specific grgvity of unity, whife tone tissue
contains about one-half the we%ght percentage of hydrogen as does
muscle tissue but has about &wice the specific gravity of muscle
tissue so that the hydrogen atomic density is not very different for
the two types oé biological tisste. Lung tissue has a“specific
gravity of only ;bout 0.3 and the hydrogen atomic density, therefore,

is quite different; however, most critical organs of interest are

either distant from the lung tissue or closer to an irradiated surface’

so that the penetration distance in grams/cm2 is less than the 'qther
portion of the ray of travel that passes'through a section of the
lungs. Baséﬁ én_ depth-dose curves from some of our previous
calculations (Jones g;__lx; 1973), it is believed that most regions of
variable _specific gravity do not significantly influence‘ the
application of_ihe methad of CHOROs), un1;ss ane is specifically
interestaed in dosa to 2 velume of lung tissue. . .

L)

Other.CHORD Aonlications

Figure 9 illustrates a pypposeg dosimeter or "riskmeter" in which
the rg]ative settings of the outer two dials select the apprapriates
CHORD distribution and the inner two dials select the insuit (depth-
dose) curve for the eneray and tyﬁa of incident radiatioen. Alun Jenes
(1966) suggested that dosimetry should be apéroached by matchfng

varfations ‘in dose or risk with scattering, absarpticn, and

,attenuation; however, the CHORD methad seems to germit this same

precision of matching variability on a simpliTied macroscopic 1level.,

Hopefully a scheéa such as incorporated ~ into Figurs 9 would

-. rendar the absarbed dose index, 0;, and dose equivalant indax, A1y for

G g/
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tae'standard ICRU 36 cm sphere (ICRU, 1971) even less uséful than it
already 1is, because by using CHORb dénsity functions plus standard
insult (multicollision depth-dose) curves, a health physicist or
medical -technician c9u1d easily and quickly estimate exposure valuss
to any biological Fissue at risk. It is also becoming apparent that
éignificant cafcuIationaI and experimental efforts will soon be
directedl to the estimaticn of tissue risk - due to microwave
1rr§diatioﬁs and the availability of p{l} € distributions should be
helpful. o X .
Conclusions

In summary, the methad of CHGRDs‘permits rapid "critical organ”
dose estimation and helps to circumvent :some of the problems of
relating orgaé"dose or risk to readings {rom m;ters or %ilm badges.
A personal ’Eosimetar measuras expasure at the survaca of the chest;

the measured exposure correspends neither to the eipcshre in Tree
space nor to the organ or whole body dose and area dosimetérs
determine only free space exposure (Piesch, 1967). Alun Jones (1988,
1964) pointed out Ehat a survey meter or personal desimater may
,overeséimate the insult to the active marrow by a facter of 10 or
underastimate by a factor of 6. In ;patially depéﬁdant radiztion
fields, or for exposure s broad éeam sources having an orientation
other than A-P, 1t {s usually very difTicult to have an accurate risk
estimats becausa of normalizaticn to an inaccurztz or sh{eldad reading

taken at the location ¢f the chest:..
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e - ABSTRACT S

sl db

_ From an ébpiication of the concepts of microdosimetry to a wide

(LT, PR OR W

range of fadiobiologica] data on higher organisms, it has become apparent e

1 ' that the first step in the biological action of ionizing radiation is the

indhctjcn of subcellular lesfons. Two basic characteristics of this_prncess

e ) “are that it depends only on the first and (sonetimes) the second power of the

[ 7O DUy T PRI T 7Y

absorbed dose and that the yield of such lesions as well as .the magnitude of
the domain where energy ccnc;ntratwon determines the yield of lesions is re-
.Iativeiy constant even for-cells and effects that differ greatly in'radio- ;
sensitivity. These observatjons have led to the formulation of the Theory L
of Duai Radiation Action which bnstu1etes that the yield of these lesions ;

) :‘* . ‘depends on the square of the specific energj in domains having an effective

diameter whicn/gtffers from 1 pm by much less than an order of magnitude. . S

- It has furthernere been deduced that lesions are produced by the inter- . ]
action of pairs of sublesions which are presumed ty be alterations 3n DNA ' '5
structure at the nancmeter Tevel. . B o P ;

- There remain many questions regarding the quantitative relation . . :

_ of 1e510n production to cellular injury and the dependence of nu]tice]luIar .
responses on cellular 1mpa1rnent. While these uncertainties maxe it fre- . g
quently impossible to derxve explicit dose-efiect reiations, the existing ' 3
'frémework permits a variety of general conclusions and it may be utilized . 3

to obtain specifie answers in some cases.' - ' ' :

»

An .important example areé risk estimates far the inductien of
human leukemia by neutrons. It is conciuded that maximum permissible

neutron doses must be reduced.

Key phrases: Theoretical radiobiology; Radiation protsction; Risk estimates.
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Tﬁe ultimate ébjective of radiobiology must certainly be the 'identi-~

" fication'of the intracellular and interceliular alterations tﬁ}t are initiated

.by ioniziﬁg‘radiat&on and progress to manifest injury. At present we are still

faé'from'this goal and in what is the most important effect for radiation

protection - carcinogenesis - this is in a large measure due to our ignorance

* of the'biological changes that underly what is probably a complex of diseases.

Although sgudies of the action of other carcinogens and biological
advances in general may well be- 1mportant to ‘the achievement of greater
1nsagbt into the cancer problem, radiobiology has the decided advantage
that it éa; apply an effective agent to the genetic appar;tus directly and °
accqféter. This permits quantitative ;xperimentation yhich is best carréed

out at low doses where secondary effects are likely to be less important.

. The Dose-Effect Relation

An'iﬁbqréant intermediate goal of theorsetical }adiobiology would

. ) 2 L.
. rseem to be the establishment of the relations between dose and effect which

can not only furnish clues regardlng the nature - and espec1a11y the kinetics -

of radiobiological effects. but aIso const1tuce the prxncxpal objective of

e,

'rad1at10n protection. In e1ther app11catxon the. precise values of the

relation are of lesser importance than the shape of the dose-effeact curve'

. part1cu1ar]y at low values of the dose where exgrapo1atxons are of con51dér-

ab?e scientific and pragma ic importance.

The shape of the dose—er.ec~ curve for 1nd1v1dua1 C°11s can be

" stated with a certa1nty that increases thh decreasing dose: It 'must

ultimately become Tinear regardiess of the energetucs of cell inactivation
and regardless of variations in sensitivity of the individual c2lls in the

irradiated population. This conclusion Tollaws fTrom the simple.fact that
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at sufficiently low doses the traversal of a cell b} 3 charged particle is a
rare event and the probabi?ity of multiple traversals is negligible. Undér
these cond1t1ons the dose-effect’ relation must be linear and any effect under
consideration must occur with 3 probability which is in turn ‘the product
of the probability that a part1c1e causes the effect and the probability
that a cell is traversed by a particle at the dose under consideration. This
statemént can be‘formal1y supported by a very general proof (1) and micro-
dosimet;ic data (2) may be used to determine traversal frequencies. It can’
be shown that the 1inear depeqdence must for low LET radfation extend up to

* doses of afiieast a few hundred millirads. For neutrons of moderate energy
this limit is of the order of tens of rads. ‘

These cons1derat1ons can be applied only to those bio]ogical effects
vhich arise frem 1nd1vidual_non-1nteract1ng cells. Thus_1f carc1nogenes1s
were to requitg the trahsf?rhation‘of é group of contiguous ce]1s.(3), one -
would expect 2 dosa-e?fect.gdrve exhibiting a positive curvature. While this
does not seem to have been extablished at'low:doses, the reverse condition of
negative curvature has been clearly demonstrated for the induction of mammary
neop]q;ms in the Sprague-Dawley rat (4): Thus in at least one instance,
carcinogenesis cannot be interpreted in.terms of a simple somatic mutation
which results in cancer regardless of the irradiation of other cal]s. Although
the argument applied above to single cells can be extended to whagever group
of cells might be involved, it loses its practical s1gn1f1cance_1f this group
corprises more than a few cells since extremely mihute doses are required to

- limit the co1iective travarsal probability for all cells to a value tqét is

much less than one.
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The Dose-PBE Relation

Although collective effects on cells can thus affect the shape of
dose-effect curve they are far less 1ikely to influence the dose-RBE curve

which is obtained when the RBE of a high LET radiation is conpared at various

. doses of either radiation (i.e. at various levéls of effect). The reason for -

this 1s presumably that the interaction between ce&ls is the same regardless

_of radiation quality and that even in complex systems the dependence of RBE
‘on dose primarily reflects differences between éhe radiations under compari-

. son in their kinetics of the impairment of individual gonstituent cells.

.Figure la shows ohe dependence of RBE on the dose of 0. 43 Mev
neutrons for the mammary neoplasms in the Sprague Dawley rat. The bars
cover RBE values that are excluded with 99% confidence. (The arrowheads .
correspond to 1esser levels of confidence). Fxgure 1b shous ehe dose-

RBE relation for the sama radiation but for ooacufzcatuon of the murxne

- lens over a thousand—fo]d range of dose (5). -The statxsticai analysis

employs non-parametric methods deve]ooed by Kellerer and Brenot (6).

. In either case the R8E increases over a wide range of doses as’the in- -

verse 'of the square root of the neutron dose (as indicated by the slope

of -1/2) to values in excess of 100. This indicates that the biological _

" effectivenéss of low LET radiation increases as the square of dose (2).

?igure 2 contains the curves in Figure 1 as well as others which

. are not basad on the non-parametric analysis but are nevertheless consi-

dered to be of sufficient acciiracy (of the order of perhaps * 30%).- The
radiations are 0.43 MeV neutrons and "fission neutrons.™. The latter °

classification is not very specific since the energy spectrum of the

neutrons reaching the hiological mater{al must depend on yarizble and

~ 95
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often’ uncertaxn moderat1on of the primary fzsswon spectrum. A calculation

_of. the dosé mnan 11nea1 energy (yo ina 2um tlssue sphere) 1nd1cates a

value of 65 5 KeV/pm for the spectrum in a reactor 1rradiatlon faciTlity
uti1121ng a moderated converter.3 This part1cu1ar va]ue dxffers 11t le

from that for 0.43 MeV neutrons which is 60.5 KeV/um (7).

All of the curves in Fig. 2 exhabxt the character1st1c s]ope of

- «1/2 although two indicate constant RBE at lower doses. Curve 2, which

represents a somatic plant mutation, ‘Tevels out near the value postulated
by an elementary apﬁliga?ion of the theory of dual radiatfon“acéfon (8).
Higher RBE values may be.due to_gifferenceé in the yield'o% sublesions (9)
while possible 3eve11ing at Tower RBE values as suggested’ by curve 3, which

relates to survival of cells in tﬁs;ue culture (10) could be caused by a

" linear component of'radjation action (2). The other curves show no evi=-

dence of a chehge in slope but are limited to comparatively high doses.

" They are based - on the results of two determinations for chromosome aber-

rations in human ]yﬂphocytes (11), (12) The- former determination (curve
4) was in vmtro at a’ reactor source, the 3atter is based on Tate effects
in atomic bomb survivors (curve 5). The RBE values are-similar. - There is

in fact far more variation in RSE with dose than there is between the

- various systems.

Principal Postulates .

The :above considerations may be surmmarizsd as follows:
1) It can be shoun.on the basis of elementary microdosimetric
considerations that, at extremely low doses, the direct eftect of jonizing

radiation on individual cells must be proportional to the dose and to the

. probability that' a single charged particle affects the.cell.. It has been

observed that this probability differs between low LET radiation and neutrons
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' -having. energies of the order of a few hundred KeVY by a factor that is larger

than 10 and can exceed 100.
' 2) "At intermediate doses, the RBE declines begause the effect1ve-
ness of low LET radwatlon 1ncreases as the square of the dose. -
3) The dose-effect reIation for cell systems can not be deduced

from microdosimetric con51derations but the dose-RBE relation may be expected

. to ‘be the same as that for indxvidua] cells.

™

These postulates are insufficient to furn:sh general answers to

-, to epidemiolagical data, they yield significant {nformation.

C

* Application to Radiation Leukemogenesis

One of the principal late radiation effects is Teukemia which occurs
with clearly increased incidence in the heavily irradiated population groups

. ~ .
in-Nagasagi and Hireshima. While in the former city, the radiation consisted

'almost exclusively of gamma radiation, there vas a substantial compenent of

neutrons in the latter. R

f
. dﬁl““”£‘vo'_ ﬁ-—-?ig. 3 shows the logarithm of incidence over the pertod from 1950-

1966 (13) after subtraction of the incidence in the group that was assumed to

. have negligible kerma4 (less than 5 rad). The abscissa is the logarithm of

toté] tissue kerma (gamma plus'neutron) in free air. The uncertainty is such
that in either case, a linear relation (ij.e. a'line of slope 1) can not be

rejected (14).

. most of the.prxmarj questions in radiation protection. However, when applied -

-

.In an applicatiaon of the non-parametric method iIiustratéd_in Fig. 1,

it could be shdwn.(]s) that'a constant ratio of biological effectiveness (as
based on total kerma) could be rejected at a significaéce level of 86% and it
was dpnc1uded that the Japanese leukemia data do not constitute an exception
to the general postulate 3) given adove.

The analysis indicates that a total kerma of 10 rad at Hiroshima

- ~ G =77
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. had approximately the same Teukemogenic potential as 70 rad at Nagasaki.
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- " The RBE of neutrons relative to gamma rays is much larger because at

i Hiroshima only. one fifth of this total kerma was due to neutrons. In

P

addition, the body tissues surrounding active marrow attenuate neutrons
more effectively than gamma radiation,-the factors being 0.26 and 0.55 ,
(16). It follows that-if the dose‘to the bone marrow-is about 0.5 rad

of neutrons and about 4 rad of gamma rays,-the same-leukemia incidence

PP WIS oT)

3 results as from a gamma dose of about-35 rad. Even if.a linear dose-
3 . effect relation is attributed to:géwma radiation, it is apparent that at

B Tow doses, the leukemogenic effect in Hirgshima was almost entirely due

¢
to neutrons. R R -
4 Furt@er study has indicatad (15) that if the dose-effect curve

consists of a linear and-a.quadratiE term, the, former is negiigible for

gamna radiation’énd the latter is-negligible for-neutrans. 0On the basis

TUPREPNIY Y

of this finding, it.has been cbnc]uded,that it On }nd,oy are respectively
the mean doses of neutrons and gamma rays to the bone;marrow,.the annual

E " incidence of leukemia (2s'.averaged. over 16 years) is about. 5.x Io'sun

B and 1.8 x 107%0_2 for intarvals.of 0.5 to*10 rads,of On and 2.5 to SO of

Y

- D%. These relations.are plotted in Fig: 4 and the.corresponding RBE re-

lation is curve 6 in Fig..2. . The- latter appears to be a continuation of

XA 233

24

the 1ine for chromosome aberrations.

3 . A recent analysis (17), using a somewhat different approach,

3 ' yields 3 x 10'50n for the neutron. curve: -However, the differenca-is al-
i ' most entirely due to the longer averaging perioed. .

; . . ~ Also shown in'Fig. 4 are the spontaneous, Teukemia rates at the

b two cities and the maximum permissible average annual occupational dase

14
'

(MPD) Tor neutron and gamma radiation. If - in”line with current thinkipg -

o . » -
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it is assumed that, at least at low doses, there is little effect of

' heutron dose' rate on biological effect,; it becomes apparent that one occupa-

tional MPD of neutroq§ w}i] for some,18 years result in a risk rate that
is essentially equal to the natural rate. This seems excéssive'and a sharp
reduction of the MPD for neutrons seems indicated. This might best be-
accomplished by an’increase of the qyal%ty factor (Q). On the‘pther hand,
no changes seem necessary for the MPD of low LET radiation which is.oé far '
greater practical importance. _- _

' It will be noted that Fig. 4 applies ‘to the dose in the bone-.
MArrow. If limits ;re applied'on the basis of kerma or of the absorbed

¢
dose index, a safety factor of the ordef of 4 applies.

. 'ébnc1usions
Both thecretical radiocbiology and radiation epidemiology are

" “beset by limitations; the former becausa of the uncertain generalizations

which are the essence of Tnduction;'and the latter because of the possi-.
bility of uncontrolled vé}igbles and dosimetry errors. Thesa concerns

must ée markedly reduced if théory and observaticn yield concordant results.
The validity of the'leastvngare fit to the epidemiologiéa] data seems more.-
assured because it results in a dose-RB? relafion that is similar to that
obgerved in all othen s&stems subjected éo analysis, and.the accuracy of
dosimetry seems to be demonstrated by the fact that the abso]hte valué of
the curve parameters is also close to that for the other gystems.“ It

seems likely that.fundameﬁtal biophysical consideraticns will thus co&tinue
to be of practical utility in addition to proyiding %he bas{s for our com-

prehension of radiobioTogical mechanisms.

i )
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1. Presentated at the joint meeting 6? ‘the Radiation Research

Socfety and the Hea]th Physics Society, San Francisco, 1976.

the Energy Research and DeveTopment Administration and Grants
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the more accurate "absorbed dose.” : R

*

3 + 3. Teedla, Pgeter: unpublished data’
4. In the %bllow{ng "kerma™ will, for brévﬁty‘s saké, replace

"tissue kerma in-free air.”
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2. Throughout this presentation the shorter term "dose™ replaces
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Logari thmic representation of RBE of 0.43 MeV neutrons
relative to x-rays vs. neutron dose. The bars represent
RBE values.excluded with 95-99% confidence by a non-paré- -
‘metric analysis (6). o .
Fig: 1a Inductfoﬁ‘of marmary neoplasms in the rat.
'Fig. 1b Opacification of the murine lens.
Logarithmic represen&ation of RBE vs. neutron.dose 0.43
Me? neutrons and "fission" neutrons for a variety of' E
effects. For details, see text. .
Incidence of all types of leukemia fog the period 1950~
1966 in Hiroshima and ﬁagasaki vs. total kennaw(13f.

The incidence-in the 0 - 5 rad group has been subtracted.

l‘ .,

Annual incidence of leukemié vs. absorbed dose to-the
bone marrow as deduced from the Japanese data.. The
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May 12, 1978
/"m“*w ®
i .
Edward Luton, Esq., Chairman Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 J Washington, D.C. 20555
DISTRIBUTION Dr, Franklin C. Daiber
Reis College of Marine Studies
Brenner : University of Dalaware

* Shapar/Engelhardt/Grossman Newark, Delaware 19711

Formal File (2)

3 $?ﬁa§§22ﬁa1' LPDR | In the Matter of ‘
 A.Schwencer Rochester Gas & Electric Cor fon

.7 emann (R. E. Ginna Nuclear Power-PYant, Unjit No. 1)
- Docket NotT 50-~244

) C—

}“ ﬂ Gent]émen:

\ Enc]oseg are coples of the "Safety Evaluation Report on Interim ECCS
.\ Evaluation Model For Westinghouse Two-Loop Plants" (March 1978). and the
\ , ',cover letter of May 1, 1978 to Rochester Gas and Electric Corporation

from D. L. Ziemann, Chief, Operating Reactors Branch #2, Division of
Operating Reactors.

These documents are submitted to the Licensing Board in keeping with

the NRC Staff's policy of keeping Boards informed of matters pending

before them.  An ECCS contention 1s presently pending before this Board.
o ,

|
! Sincerely,
|
|

Edward G. Ketchen
Counsel for NRC Staff

W

Enc1osufe: As Stated

cc:. (w/enclosure) ,
Leonard M. Trosten, Esq.
Mr. Michael Slade
Robert E. Lee, -Ph.D
Jeffrey Cohen, Esq.
Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing . ’
Board Panel £;27L<( A !
Atomic-Safety-and Licensing 'ﬁﬁ:' N
orrice> '"Uﬁggg%% dbér‘vice Sacyion g&ct\.hen 'gEk V\\ OQkD A il
BURNAMED> . EReis. - | MGrossman J§&ﬂku( DZiemann
DATED> ////'S/{‘) /78 5/ /78 5/ \M& 5//1,/’78
N )

* U, 8, GOVERNME\'I' PRINTING OFFICE! 1976 - 626.624

NRC FORM 318 (9-76) NRCM 0240
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Docket No. 50-244

Rochester Gas and Electric Corporation
‘ATTN: Mr. Leon D. White, Jr.

Vice President

Electric and Steam Production
89 East Avenue
Rochester, New York 14604

4

Gentlemen:

Our letter dated December 16, 1977 provided our safety evaluation
report on the ECCS evaluation model for Westinghouse two-loop plant.
On the basis of that report you were requested to provide within 30
days appropriate bases, including any necessary operating 1imitations,
to justify continued operation of R. E. Ginna Nuclear Power Plant

beyond this 30 day period. Your letter dated January 16, 1978 provided °

a response to this request. By letter dated February 10, 1978, we
requested additional information. You responded to this request by
letter dated February 15, 1978.

Our attached safety evaluation concludes that the calculations provided
by your letter of February 15, 1978 provided an acceptable basis for
continued operation of the R. E. Ginna Nuclear Power Plant while long-
term efforts continue to develop an ECCS evaluation which specifically
treats upper plenum injection. This evaluation demonstrates that, for
the Ginna plant, specific consideration of upper plenum:injection water

interaction with core generated steam, using acceptable modifications of :

the model described in our November 1977 SER, results in an increase in
calculated peak clad temperature of only 15°F (for the 120% ANS decay

heat case) over the temperature resulting from pr1or calculations based
on the West1nghouse mode1 < .

We acknowledge receipt of your most recent submittal dated March 15,
1978, which responds to that portion of our letter of December 16, 1977,
whlch requested that you provide within 90 days a permanent reso]utuon
(and a schedule for its implementation) to staff concerns about upper
p]enum injection of emergency core cooling system water. Your proposal
is consistent with the recommendations contalned in the staff s March
1978 SER attached ' . =

2R 5o % NUCLEAR REGULATORY COMMISSION ~ ~ * “  “’i. .
g %""‘L 3 WASHINGTON, D. C. 20585 -~ ot
S \,.{;’ May'l 1978 - P

B






@ @ .
;2- . " May 1, 1978

We look forward to working with you on the long-range effort to develop
an acceptable ECCS model which specifically treats upper plenum injection.

Sincerely,

. \’ :%; ’;) n .
; 'JL Ny N e
Dennis L. Ziemanny Chief

Operating Reactors Branch #2
Division of Operating Reactors

Enclosure:
Safety Evaluation

cc: See next page
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Rochester BGas & Electric Corporation

cc

Lex K. Larson, Esquire
LeBoeuf, Lamb, Leiby & MacRae
1757 N Street, N. W.
Washington, D. C. 20036

Mr. Michael Slade
1250 Crown Point Drive-
Webster, New York 14580

Rochester Committee for
Scientific Information
Robert E. Lee, Ph.D,
P. 0. Box 5236 River Campus
" Station
Rochester, New York 14627

Jeffrey Cohen .

New York State Energy 0ff1ce

Swan Street Building

Core 1, Second Floor .
Empire State Plaza i
Albany, New York 12223

Director, Technical Development Programs
State of New York Energy Off1ce
Agency Building 2

Empire State Plaza

_Albany, New York 12223

Rochester Public Library
115 South Avenue
‘Rochester, New York - 14627

Supervisor of the Town of 0ntar1o
107 Ridge Road West .
Ontario, New York 14519

Chief, Energy Systems Analyses
Branch (AW-459) .
Office of Radiation Programs
U. S. Environmental Protection Agency
Room 645, East Tower
401 M_Street S. H.
Washington, D. C. 20460

-3 - May

1,

1978

U. S. Environmental Protection

Agency
Region II Office

ATTN: EIS COORDINATOR

26 Federal Plaza

New York, New York 10007

"

-’ ‘(!







SAFETY EVALUATION REPORT

oN

INTERIM ECCS EVALUATION MODEL
FOR

WESTINGHOUSE TWO-LOOP PLANTS

March 1978







® @

Introduction . v

On Decémber 16, 1977 the licensees of Wes:
plants were sent letters from Mr. Case, wn

an interim basis for continued safe operaz
relative to the effectiveness of the two-'...
16, 1978 each licensee provided essentially - ._ R
basis for continued safe operation. The puesv. .

to provide a safety evaluation of the prepos:. . -

analysis as presented in those letters.

Summary of Review

The Jdanuary 16 licensee letters provided their ew: ...
effectiveness of the ECCS Upper Plenum Injection .~
postulated LOCA. Use was made of a staff medel descrmr ™ -
"Safety Evaluat%on, ECCS Eva]uatioﬁ Model for Yeszin~-..
Plants," December, 1977. However there were six chan- .-
staff model by Yestinghouse. fhe staff SER model zccm. -
effects of Upper Plenum Iﬁjection by est%rating tha o= -
generation; steam condensation; and liquid entrain- 2~°
rate-and the associa;ed change in calculatad peak zis2
the staff model was generated, it was inteaded to ue

for evaluating Upper Plenum Injection performance o’

or if necessa}i; for establishing an interim basis ® -
two-]qpp plants. The staff model, a simplified noste?
as a hand calculation, was an attempt to approximats @

period.. It was not (and still is not) an ECCS Evalu:®

fully compliad with 10 CFR S0 Appendix K. The staff -~







.
&4

model with approved changes, could p0551b1y be used as a basis for
estab11sh1ng interim operating cond1t10ns However, neither model

is acceptable for Tong term use. For example,kthe use of & decay
heat model of 1.0 x ANS decay heat might be acceptable on an interim
basie (i.e., to determine if there is a safety problem) but is not
suitable for a long tern evaluation model. Part 50. 46 requ1res that,

“ECCS coo11ng perfcrﬂance be calculatad with an acceptable eva]uat1on

' mode1...'. Append1x K sets forth certain required features of an .

acceptab1e evaluation model including the requirement Fhaf,‘“the
ref{11ing of the reactor vessel and ehe time and rate of flood}ng of
ehe core shall be’ca1culeted by an ac&eptable model the§ takes‘ieto
consideration the thermal and hydraulic characteristics of the core
and of the reactor system".° Neither the Stai7 model nor the proposed
NestInghouse variation is an integral mode] for the evaluat1on of a i
postulated LOCA. Insteed, each provides a possxb]e adjustment to_se
used together with the. "incorrect" old LOCA ca]cuﬁaﬁiqn.:
The decumentation and sensitivity studies required of ‘an evaluation modei
are also absent. Most important is the lack of r{eor in the staff
epproximate method;-it was not subjected to.the same éc}utiny that.ge

demand for long-term generic use.

«
L - -
. .

» "
. v - ¥

Each of the s1x cnanges prooosed by the licensess to uﬂ“ ﬂbde] eeen',
evaluated to determine the accep*ab111e/vof the West iﬁghou s2' ¢a !c Tations. '

fhe'fo[TEwing~description o7 the 1rst change is takeq Trom the Atuac“nenes .

3

to the owner's letters. . o oo
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.1. "The clad temperature rise versus flooding rate curve, Figure 24 in
the SER, was rep]aced by a more realistic curve. The new curve was
based on the Wegtinghouse désign FLECHT correlation with input more
specific to the Westinghouse two-loop plants".

|
Evaluation:

The SER curve is based on the most conservative data from the reflood
rate seﬁsitivity studies presented in the‘PwR FLECHT Final Report
Supplement, NCAP-7931. The Westinghouse calculation takes credit for
thé'ca1culatéd pres;ure, subcooling and linear heat rate in estéb]ishing
the relationship between peak clad temperature and reflood rate. Based
on our review of the actual input values used and the method of imple-
mentation, this change is acceptable. The second change is described as
follows:

2. "The input was changed to allow transient input for pressure;

injection rates, flooding rates and decay heat".

Evaluation:

The most important portion of- the reflood transient occur§ bgﬁwéen

60 seconds and 100 seconds. The gfme dependent inbgt_fbr Eecay heat
allows approximately a 10% reduction over this time span. The SER mgde{ﬁ?
_is based on a.cbnstant decay heat, with the value deté}mingd at the
beginning of a reflood. . Since this ghange bn]y involves éore detailed
input, it is acceptable to ‘the staff. The tﬁird chéngg is described

-as follows:

%. “The'carryéver fraction, CRF; discussed on paga 40 of the SER,

was changed {rom 9.8 in the staff mﬁde] ta 0.7 in the Hestinghouse

sy S leC e amIion b ¥R A B R s ]







model. Carryover fractions of 0.7 are more typical of the

two-loop plants".

Staff calculation of the carryover fraction, CRF, during refiood
for a two-loop plant with upper plenum injection range in value

from 0.6 to 0.8 as a function of time.

The carryover rate fraction, CRF, appears in two differént forms -

in the staff model. It appears in the quench front progression
equation as (1-CRF) where the value of (1-CRF) is .3. This agrees

with the suggested value of CRF = .7 from Westinghouse. The carry-
over rate fraction‘is also included as one of the componenté of the
constant which is used to characterize the relationship between changes
in bottom.quench front steam and water flows, and the flooding rate.

In the staff evaluation modél the system resjstance to flow establishes
the Fotal steaming rate“out the break during raflood. This steaming
rate determines the reflood rate: (Vin) according tofthé following
equation:

Vin x CRF x Area x Liquid Density = WTOTAL

Changes in the total bottom duench front steam and water flow (NTOTAE)’ -

and the reflood rate are therefore related by “the f0110w1ng perturhat1on

equation: -

© oAV = alpges /(CRF x Area X Deniity)

" The staf¢ wode] includes a value of CRF of .8 in-.th{s astimate of the

system flow resistance.

. a .
smmie 3 = = % LS T e -y e = - [ P
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o ®
The use of a constant CRF of 0.7 appears to be consistant with the CRF
value for the two-loop plant evaluation model calculations and therefore
the use of a 0.7 value is ?Pprppriate. " The fourth change'is described
as follows:
4. "The bottom quench front in the staff model was initialized at
0.0 feet. Since this calculation starts some 20 seconds into .-
peflood, the Yestinghouse model initiates the bottom quench

front at 1.5 feet which is a Tower bound value from the Westinghouse

ECCS Evaluation Model results”.

’The SER model was initiated at 60 seconds because this 1s the time at

which the reflood rate ca]cu]ated with the present eva]uat1on model
for the worst break becomes a well behaved and smoothly varying function

of time. Prior to 60 seconds the ca]cu]ated ref]ood rate varies dramatically

. as the bottom reflood water. f1rst rushes 1nto the core relatively unmnpeded

and then generates a large amount of steam which causes the reflood rate to

drop sharply. The presence of Upper P]enum Injection would significantly

~alter this in1t1a1 phase of reflood in a way that the staff's relatively

simple, perturbation technique could not accurately represent. Since the

' upper plenum injection begins at 26 seconds in the evaluation model calcu-

Tation, for the worst break, significant steam generation from this water wogid

* be occuring when ihe bottom reflood water reached'the core. The upper plenum

steam generatlon wou]d lessen the initial rush of water into the core: becausc

of the 1ncreased steam b1nd1ng effects

.~

. 0 . B
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The initial phase of bottom reflood would therefore be less dramatic in_

the variation inrthe reflood rate. The Staff model effectively. assumes

~a smooth and well behaved reflood from the bottom of core recovery. The |

staff model 1nc1udes a simple treatment of this initial phase of reflood
with upper p1enum 1nJect1on. The proposed change by Westinghouse would-
not consdder any effects of upper plenum injection grior to the reflood
level reaching 1.5 feet. Although the staff SER model could be improved
in this area, the llestinghouse change does not appear to increase the
accuracy‘of-the representation and is clearly in a non-conservative
direction. This change is therefore unacceptable at the present time.

The fifth change is described as follows:

5. "The heat transfer model, described.on page 37 of the SER, mas

altered to account for the amount of heat transfer in the unguen iched
reglon which is going to the bottom generated stean rather than the
top generated steam. This was done by reducing the heat transfer
'to the top generated steam‘by 25 percent. This is a ponservat1ve

Tower bound”.

The staff SER model assdmes two predominant sources of steam:

1. The bottom quench front progression; and,

2. The steam generat1on due to upper plenum 1n3ect1on water entering _._

P

the core from above. - ‘ R R

LI

The bottom quench front steam was:aésumed to be carrying a sdgnifiéant*

- amount of ‘water so that the total steam and water from the bottdm quench

.front equa11°d the carryover funct1on t1mes the reflood rate. Since each

pound of 3team .rcn the bottom quenc A front was already carrying on the

order“ofrthree.pounds of water, this steam was not inlcuded in the upper

"
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plenum injection entrainment correlation. The steam generaled from the

top quench front ahd from heat.transfer to the upper plenum injection

water in the unquenched port1on of the core was input into the entrain-

" ment correlation. The Nest1nghouse change suggests that three sources

of steam provide a-better representation of the reflood steam generation.
One source of steam is at the bottom quench front; a second source .is the’
top quench front and steam generated by the top 1nJect1on water enter1ng
the core; and the th1rd “is the vaporization of-water carr1ed up from the

bottom quench front. The Westinghouse mode} therefore proposes to identify

", two separate sourcesiof steam in the unquenched portion ofﬂthe core. This

is’ acceptab]e and in fact may be a more accurate representatlon. However, .
the procosed model change does not 1nc]ude the steam generat1on in the '
unquenched reg1on from the bottom quench front water as input to the
entra1nment correlat1on. The basis for- not 1nc1ud1ng the bottom quench

front "steam 1n the entrainment. 1s that th1s steam 1s already carry1no a

'sugn1f1cant amount of water. No basws has been prov1ded for not 1nc1ud1ng

"

the steam generat1on in the unauenched reg1on of the core from the bottom

quench front uater 1n the entra1nment correldtion. Thls proposed change is

¢ therefore unacce b]e as presented A modified change wh1ch 1nc1uded a]l

. non bottom quench front steam in the entrainment correlat.on cou]d be .- Tﬁ

' acceptab]e. The sixth proposed chance-1s stated as follows.

6. "The metal heat wodel was altered to take into account the f1n1te

,.-

amount of heat. stored in the upper plenum metal, The heat capacity

of the upper p]enum metal is 59390 (BTU/°F). This metal energy’ is

, qremoved in a 11n1te per1od o. t1me after which nc enhergy is adlded to the

IGD'
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fluid from the metal resulting in increased subcooling for the

remainder of the transient".

The staff SER model uses a simple constant heat input model for the
heating effect in the upper plenum. The conceet of a finite stored
energy model is acceptabfe.' The basis for estab]ishiné the initial
stored energy and the heat release rate has been revieved and is
suff1c1ent1y conservat1ve for use in the interim calcu]at1ons This

proposed change is therefore acceptable.

Since two of the Yestinghouse eroposed changes were found to be
unacceptable, the staff letters, of February 10, 1978 to the Two-qup
Licensees, ferma11y requesting additional information included a request
for new ca1cu1etions in which the unacceptablie proposed_ehanges were
removed. Tab{e I:presents the results of thesé‘ca]culations for ‘both

100% ANS decay heat and 120% ANS decay heat.

Staff Findinas A ]
The fo]]owiné conclusions are based on our review of the information

’n‘presenied by the tﬁe-loop plant owner-operators.

'First,'the calcuiations performed, with the proposed changes 1, 2, 3 and

6 are acceptable as an 1nter1m basis for continued safe operat1ons of ==

the West1nghouse tuo-]oop plants. A]though some of’ the ca1cu1at1cns result

in’ 1ncreases in peak clad temperature none results in a oeak clad “temper-

ature greater than 2200°F.

T e¥






Second, the long term effort to produce an acceptable ECCS evaluation
model for treating Upper Plenum Injection should continue unless the

two-]oop plant owners propose to modify the ECCS hardware to eliminate .

Upper Plenum Injection.
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Upper Plenﬁm Inject%on Results

CURRENT WEST1HGHOUSE

- EVALUATION MCDEL ANALYSIS o © NEW U.P.T. ANALYSILX
o PEAK CLAD £ : PEAK CLAD’
PLANT _g . TEMPERATURE g TEMPERATUPE
o ‘ " : 1.0 ANS 1.2 AllS
E . ) Decay Heat Decay Heat
© WEP/WIS' - 2.32 . 1965 2.32° 1945 (-20) 2025 (+60)
" RGE .22 987 2.32 1900 (-57) 1972 (+15) -
. NSP/NRP - 2.32 2187 2.32 2110 (-77) 2177 (-10)
WPS 2.25 2172 .~ 2.25 2090 (-82) 2162 (-10)

[

. M{ith Unacceptable Proposed Changes Deleted. .
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May 10, 1978
e

Edward Luton, Esq., Chairman Dr. Emmeth A. Luebke

Atomic Safety and Licensing Board Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission U.S, Nuclear Regulatory Commission ,

Washington, DC 20555 Washington, DC 20555 .

Dr. Franklin C. Daiber
College of Marine Studies
University of Delaware
Newark, Delaware 19711

In the Matter of x
Rochester Gas & Electric Corporation

(R. E. Ginna Nuclear nggn—P%ant:‘?ﬁgt No. 1),
Docket 40, 50-244
%—-———_—"

/

Gentlemen:

Enclosed are copies of Amendment No. 19 to Provisional Operating License
No. DPR-18, and supporting safety evaluations, and an exemption from

the requivements of 10 CFR §50.46(a)(1) for the R. E. Ginnalluclear
Power Plant. I have also enclosed a copy of the Safety Evaluation
Report, An Interim ECCS Evaluation Model For Westinghouse Two-Loop
Plants (March, 1978), which treats uppér plenum injection. -

These materials are submitted to the Licensing Board in keeping with -
the NRC Staff's policy of keeping Board's informed. An ECCS contention -
is presently pending before this Board.

Sincerely, ' Dist

NRC Central
LPDR(2)

Edward G. Ketchen’ ghap?z i
Counsel for NRC Staff ngelhar
: Grossman
‘ Scinto
Enclosures i
Reis
) As Stated | Reis
cc w/encl: Leonard M. Trosten, Esq. ggzg?(z)
Mr. Michael Slade FF(2)
Robert E. Lee, Ph.D o Twm;back
Jeffrey Cohen, Esq. a

Warren B. Rosenbaum, Esq. A§§¥y§£§ii, ’

Acpmic Safety angticensing Buard—Panet x
preicE> AtImis..&af_etsL.an 1.Licensing ..AH;,_em Board _.___OKEE Ltc“gr;g;‘nm._ OSE:.'; D‘N\I : !S
oo > Dogketing and Sefvice Section Reic /77
BURNAME eis.. 25 Grossman
DATE> ‘ 5/,778 € || 5/ /78

NRC FORM 318 (9:76) NRCM 0240 X U. 5. GOVERNMENT PRINTING OFFICE: 1076 — 626.624




. . .
.
" .,
¢ ~ )
. { . )
L ra Y rh‘ -
h—ﬂ'i .
P C Ve M oY T =g = e 2
N . . e . om s 0" pas e FREER oy R
. El - " « . - M »
Cht e < . - LY Y P \ . B -
ANE T Ay o L ws i . s ow Se e & ua. ~% 5 . T v i -
N R 0 s >‘u . = e L Pa %p-x 27 ; PR 1 e -
P R o [ : Tow X i -3 ! “‘ X ﬂi”‘ s *y m‘"kiqvi*' v :“n;v E
a « - [
. A s, t . , % .
* a et oo i . Teogr T
-
o - ; .
v me s * L oen ¥ -
= A v el o -
‘. 1 - e
h 7. Bpee ok .
. ! LTk A
- - N
- , M % P
L ’1\, L' v
. a2 e
I S « S8y
.
'
N N '
=i !
- - £
Ll R N [ LA W E it
| R ; o Ny P Ter® Zudwsv
® -
7. LR S ere R oyt n . “
\ a e ¢ e <. . LI
sr“,, tiw
4 .= =row S R P B
v
Y . -
w1 e .
- . " vt <! f
-
I I3 - ’ » o q
v E woaeg £y l“’a‘-’"i\ v «) g ! Py - '. U . (SN =
. R LA Kepw "Ra s ’435 L R R L ca “1”.) g s %
- B . L
. _ I e ™ - . s
N - e l
AT iy [ I R ST .-
BV VI R SR I O Y - R
3 v L L L N [ . [ [ - oA
3 . - . -
M 14 f ’ . ol e oy
" oe H .3 w ! Py wed PIAS R P S YT " &
N - .o L oea « Sga AT s
Sow v AU S § M SR ;
’ W“; P e . e ‘,' £ .o» '
R T « RPRCIV RS IR 3 O
I £ @ -~ - "
4% . - [ . Tre v . ¢
Wy ¥ avh » “ﬂ‘q"“‘ zu. [ A
r *.
"t i s o | oS 3‘ oo
I S TP AP A A S
T
v :
-, . .
R b .
f
. .
M
. . " ‘
LI . « by,
" o ) PPN
< e y R .
CA L . o
= i i ™ ‘
,
N e e & 2
e R MY
N "”lr‘i £t
-~ . g -
I
. v
| <
o B - o Te "
P ©oee v L 3} ’ﬂ;.“‘ ” oh‘"’v"\ €
- » . "
N * £ ol i o -
. W 'L‘, ) vt"q:l ®
v L .
s L . ' .
¥ 3 ' :
e 7 E et
' B
. A E T P .
3 4 N ' ' v
q . - . [ E— w! “o. ‘.
Pl AL -y e W ca . aemas o e e [ ™ S S e W ae  iE ederc mEewse i 2o
/{/ 4)* K { | ! o fe ! s " 2 vt [ o
i s ' N | s v ay . a |
i 'yf Pl 1 . N oo LI [ P s A P oa
44 X . v ke, P A i [ re .
W - . LN v 2 e I
) . " . . . PO S f . . oo Poe. o
N ] [l A
5 ' . ' “
' " M ™
) s ) < i . 4 - .
L st EE o ower Sews - e = oaE as Cemer x ame ame s 2 ! FEY x -mr 3 P megs o v ozam o F =€ 5 = - . o tawmrcat camx 1 a wes
VGl s mle o h e . & v »w - LATEE LU TE A S A




GA'\ REQ )}
q& UNITED STATES
gf : . NUCLEAR REGULATORY COMMISSION -
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‘,*,;* c May 1, 1978

Docéet No. 50-244

Rochester Gas and Electric Corporation )
ATTN: Mr. Leon D. White, Jr. ta
Vice President
Electric and Steam Production

" 89 East Avenue

Rochester, New York 14649

Gentlemen: ‘

The Commission has issued the enclosed Amendment No. 19 to Provisional
Operating License No. DPR-18 and an Exemption from the requirements of
10 CFR 50.46(a)(1) for the R E. Ginna Nuclear Power Plant.

The amendment consists of changes to the Technical Specifications in
response to your application dated January 6, 1978, as supplemented by

letters dated January 10, 1978, March 27, 1978, April 6, 1978, April 17,

1978, and April 25, 1978. We have recently noted that your January 6
app11cat1on which was received by the NRC on January 9, 1978, was
actually dated January 6, 1977. )

The amendment incorporates changes to the Append1x A Technical Specifi-
cations to support operation in Cycle '8 with reload fuel by Exxon *
Nuclear Company (ENC? This fuel has been designed by ENC to be
compatible to the fuel supplied previously by Westinghouse. 1In addition,

- the amendment allows Technical Specification changes that are requ1red

for startup tests.

The Commission has also concluded that your ECCS analysis utilizes upper
head fluid (hot leg) temperature and therefore satisfies the provision
set forth in the Commission's Order for Modification of License dated
August 27, 1976, without changes to the Technical Specifications.

Notice of proposed Issuance of Amendment to Facility Operating License
in connection with the license amendment action was published in the
Federal Register on February 21, 1978 (43 FR 7275).
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Rochester Gas and Electric Corporation -2~ . May 1, 1978

In response to your request dated April 25, 1978, we have granted an
Exemption from the requirements of 10 CFR 50. 46(a)(1) that ECCS
performance be calculated in accordance with an acceptable calculational
model which conforms to the provisions in Appendix K, without the errors
contained in the analyses previously submitted to the Commission. On
March 23, 1978, Westinghouse provided the Commission an oral notification
related to these errors.

Copies of the Safety Evaluation related to the license amendment, the
staff's Safety Evaluation Report dated April 18, 1978, related to the
Exemption and Notice of Issuance of License Amendment are also enclosed.
The Exemption and the Notice are being forwarded to the Office of the
Federal Register for publication.

Sincerely,

%ifwwﬁ 7< CMMgrn

Dennis L. Ziemann,Ahief
Operating Reactors Branch #2
Division of Operating Reactors
Enclosures: :
1. Amendment No. 19 to
License DPR-18
2. Safety Evaluation
3. Exemption w/Safety Evaluation
dated 4/18/78
4. Notice

cc w/enclosures:
See next page
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Rochester Gas & Electric Corporation - - -3 - ' May 1, 1978
cc _
Lex K. Larson, Esquire ' U, S, Env1ronmenta1 Protect1on
LeBoeuf, Lamb, Leiby & MacRae Agency
1757 N Street, N. H. Region 11 Office
Washington, D. C. 20036 * ATTN: EIS COORDINATOR
. : 26 Federal Plaza
Mr. Michael Slade ) New York, New York 10007

1250 Crown Point Drive
Hebster, New York 14580

Rochester Committee for
Scientific Information

Robert E. Lee, Ph.D. ’

P. 0. Box 5236 River Campus
Station

Rochester, New York 14627

Jeffrey Cohen

Nevw York State Energy Office

Swan Street Building

Coré 1, Second Floor

Empire State Plaza » . S

Albany, New York 12223 . < ©t

Director, Technical Development Programs - (w/cys of 4/7/77, 1/6/78, 1/10/78,
‘State of New York Energy Office - 3/27/78, 4/6/78, 4/17/78, and 4/25/78
Agency Building 2 filings by RG&E)

Empire State Plaza “ “

Albany, New,York 12223

Rochester Public Library
115 South Avenue < -
Rochester, New York 14627 ° - o -

Supervisor of the Town of Ontario
107 Ridge Road West
Ontario, New York 14519

Chief, Energy Systems Analyses
. Branch (AW-459)
0ff1ce of Radiation Programs
U. S. Environmental Protection Agency
Room 645, East Tower
401 ¥ Street, S. W.
Washington, D. C. 20460
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) UNITED STATES |
NUCLEAR REGULATORY COMMISSION )

WASHINGTON, D. C. 20555

"ROCHESTER GAS AND ELECTRIC CORPORATION

DOCKET NO. 50-244
R. E. GINNA NUCLEAR POWER PLANT

AMENDMENT TO PROVISIONAL OPERATING LICENSE

Amendmen% No. 19
License No. DPR-18

1. The Nucleaﬁ=Regu1atory Commission (the Commission) has found that:

The application for amendment by Rochester Gas and Electric
Company (the licensee) dated January 6, 1978, as suppliemented

by letters dated January 10, 1978, March 27, 1978, Aoril 6, 1978,
April 17, 1978, and April 25, 1978, complies with the. standards
and requirements of the Atomic Energy Act of 1954, as amended
(the Act), and the Commission's rules and regulations set forth
in*10 CFR Chapter I;

The facility will operate in conformity with the application, the
provisions of the Act, and the rules and regulations of the
Commission;

There is reasonable assurance (i) that the activities authorized
by this amendment can be conducted without endangering the health
and safety of. the public, and (i) that such activities will be
conducted in compliance with the Commission's regulations;

The issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;
and - .

The issuance of this amendment is in accordance with 10 CFR Part
51 of the Commission's regulations and all applicable require-
ments have been satisfied. )







2. Accordingly, the license is amended by changes: to the Technical
Specifications as indicated in the attachment to this license
* amendment and paragraph 2.C(2) of Provisional Operating License
No. DPR-18 is hereby amended to read as follows:

(2) Technical Specifications

The Technical Specifications contained in Appendices A and B,
as revised through Amendment No. 19 are hereby incorporated in
the license. The licensee shall operate the facility in
accordance with the Technical Specifications.

3. -This license amendment is effective as of the date of its jssudnce.

\feR THE NUCLEAR REGULATORY ?OMM]SSION

\ ., " :{,
&,:’:QU}LM Q | W&L
Darrell G. Eisenhut, Assistant Director

"~ for Systems & Projects ‘
Division of Operating Reactors

Attachment: . . : "
Changes to the Technical . .
Specifications

Date of Issuance May 1, 1978







ATTACHMENT TO LICENSE AMENDMENT NO. 19
PROVISIONAL OPERATING LICENSE NO. DPR-18

DOCKET NO. 50-244

suge £ on"
‘=%

Chanée the Technical Specifications contained in Appendix A of License
No. DPR-18 as indicated below. The revised pages contain the captioned
amendment number and marginal Tines to reflect the area of change.

Remove Insert

3.10-2 3.10-2
—— . 3.10-2a

3;]0-4 "4

3.10
3.10-8¢ 3.10-8¢c
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| ‘3.10.q.2 When the reactor is critical except for physics tests
and control rod exercises; the shutdown contro];rods
shg]].be fully withdrawn.
3.10.1.3 When tﬁe reactor is.critical, except for physics tests
and control rod exercises, e;ch group of control rods shall f
be jnserted no further than the 1imits shown by the lines
on Figure 3.10-1 and moved sequentially with a 100 (+5) step
overlap between successive banks. | » -
3.10.1.4 During cdntro] rod exercises indicated in Table 4.1-2, the a
. insertion limits need not be observed but the Figure 3.10-2
ﬁust be observed.
3.10.1.5 The part length control rods will not be inserted except
. for physics tests or .for axial offset ca]ibrat%on performed
at 75% power or less.
3.10.1.6 During measurement of control rod worth and shutdovn margin,
the shutdown ma#gin requirement, ,Specification 3.10.1.1, need
not be observed provided the reactivity equivafent'to at Teast
the highest estimated control rod worth is available for trip
insertion and all part length control rods are fully withdrawﬁ.
Each full length control rod not fully inserted, thét is, the _
rods available .for trip insertion, shall be demopstrated Fababfe
of full insertion when tripped from at least the 56% withdrawn °
position within 24_hoursqpr§or to reducing the shutdown margin
. to less than the limits of Specification 3.10.1.1. Thé position
of each full length rod not fully in§erted, that is, available
for trip insertion, shall be determined at least once per 2

hours.

3.10-2 :

Amendment No. 19
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3.10.2 Power Distribution Limits and Misaligned Control Rod

3.10.2.1 The movable detector system shall be used to measure powér
distribution after each fuel re]oadigg prior to operation
of the plant at 50% of }ated power to ensure that design ‘
Timits a;e not exceeded.
If the core is operating above 75% fower with one excore

nuclear channel out of service, then the quadrant to

Amendment_No. 19 3.10-2a

e
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3.10.2.4

3.10.2.5

3.10.2.6

3.10.2.7

3.10.2.8

-3.10.2.9

Amendment No. 19

If the qguadrant to average power tilt ratio exceeds
1.02 but is less than 1.12 for a sustained period of
more than 24 hours without known cause, or.if such a,
tilt recurs intermittently without known cause, the
reactor power level shall be restricted so as not to
exceed 50% of rated power. If the cause of the tilt
is determined, continued operation at a power level
consistent with 3.10.2.2 above, shall be permitted.

+ ~
Except for physics test, if the guadrant to average
power tilt ratio is 1.12 oxr greater, the reactor
shall be put in the hot shutdown condition utilizing
normal operating procedures. Subsequent operation
for the purpose of measuring and correcting the tilt
is permitted provided the power level does not exceed
50% of rated power and the Nuclear Overpower Trlp
"set point is reduced by 50%".

Following any refueling and at least every effective
full power month thereafter, flux maps, using the
movable detector system, shall be made to confirm
that the hot channel factor limits of Specification
3.10.2.2 are met.

The reference equilibrium indicated axial flux
difference as a function -of power level (called the
target flux difference) shall be measured at least
once per equivalent full power quarter. The target
flux difference must be updated at least each equiv-
alent full power month using a measured value or by
interpolation using the most recent measured value

and the predicted value at the end of the cycle life.
The target flux difference shall be between +5.0 and
~-7.5% at the beginning of cycle life and between +2.0
and -7.5% at the end of cycle life. Linear interpola-
tion shall be used to determine values at other times
in cycle life. :
Except during physics tests, control rod excercises,
excore detector calibration, and except as modified
by 3.10.2.9 through 3.10.2.12, the indicated axial
flux difference shall be maintained within + 5% of
the target flux difference (defines the target band
on axial flux difference). Axial flux difference for
power distribution control is defined as the average
value for the four excore detectors. . If one 'excore
detector is out of service, the remaining three shall

. be used to derive the average.

Except during physics tests, control rod exercises, or excore
calibration, at a power level greater than 90 percent of rated
power, if the indicated axial flux difference deviates from its
target band. The flux difference shall be returned to the target
band immediately or the reactor power shall be reduced to a level
no greater than 90 percent of rated power.

3 |'.' 0"4







different from !!Lse resulting from operata®h within = -
the target band. The instantaneous consequence of

being outside the band, provided rod insertion limits

‘are observed, is not worse than a 10 percent increment

in peaking factor for flux difference in the range

+14 percent to -14 percent (+1l1 percent to -1l percent
indicated) .increasing by +1 percent of each 2 pexcent

decrease in rated power. Therefore, while the deviation
exists the power level is limited to 90 percent ‘or

lower depending on' the indicated flux difference. -

If, for any reason, flux difference is not controlled
w1th1n the + 5 percent band for as long a period as one
hour, then Xxenon distributions may be significantly
changed and operation at 50 percent is required to pro-
tect against potentially more severe consequences of

some accidents. . ~

As discussed above, the essence of the limits is ‘to
maintain the xenon distribution in the core as close
to the equilibrium full power condition as possible.
This is accomplished, without part length rods, by
using the chemical volume control system to position
“the full length control rods. to produce the required
indication flux dif ference.

The effect of exceeding the flux difference band at orx
below half power is approximately half as great as it
would be at 90% of rated power, where the effect of
deviation has been evaluated.

The reason for requiring hourly logging is to provide
continued surveillance of the flux difference if the
noxmal alarm functions are out of service. It is
intended- that this surveillance would be temporaxrxy
until the alarm functions are restored. .

The quadrant power tilt ratio limit assures that the \
* radial power distribution satisfies the design values
used in the power capability analysis. Radial power
distribution measurements are made during startup
* testing and periodically during power operation.

The limit of 1.02 at which: corrective action is required
provides DNB and linear heat generation rate protection
with x-y plane power tilts. A limiting tilt of 1.025
can be tolerated before the margin for uncerxtainity
in Fq is depleted. Therefore, the limiting tilt has been
set as 1.02. To avoid unnecessary power changes, the operator is

* allowed two hours in which to Berify the ti1t reading and/or to -
determine and correct the causé of the tilt. Should this action
ver1fy a tilt in excess of 1.02 which remains uncorrected, the
margin for uncertainty in Fq and FAH is reinstated by reduc1ng the
power by 2% for each percent of tilt above 1.0, in accordance .
with the 2 to 1 ratio above, or as required by the restr1ct1onm
peaking factors.

Amendment No. 19 3.10-8c . SN
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
SUPPORTING AMENDMENT NO. 19 TO PROVISIONAL OPERATING LICENSE NO. DPR-18
ROCHESTER GAS AND ELECTRIC CORPORATION
R. E. GINNA NUCLEAR POWER PLANT
" DOCKET NO. 50-244

Introduction

By application dated January 6, 1978, as supp]emgnted by letters dated
. January 10, March 27, April 6, April 17, and April 25, 1978,.Rocbester
Gas and Electric Corporation (the licensee) requested authgr1zat1on to
operate the R. E. Ginna Nuclear Power Station in Cycle 8 with reload
r 7 fuel supplied by Exxon Nuclear Company, Inc., and fequgsted a changg to
T the Technical Specifications involving power distribution control Timits.

— -

Discussion

The R. E. Ginna Nuclear Power Station has operated seven fuel cycles
with fuel supplied by Westinghouse Corporation. Cycle 8 will involve the
first use of fuel from a different vendor, Exxon Nuclear Company, Inc.
(ENC). The loading for Cycle 8 will consist of 32 new ENC fuel assemblies
lToaded at the periphery of the core and 89 exposed Westinghouse assemblies
scatter loaded in the center of the core. A1l assemblies are of similar
design with the ENC assemblies designed to be compatible with the other

. fuel assemblies. Reactor power Tevel, core average Tinear heat rate and
primary coolant system temperature and pressure for Cycte 8 will remain
the same as for the previous cycle.

The Ticensee has stated that all technical specification limits for the
previous cycle are applicable to Cycle 8, with the exception of one limit
involving power distribution control. The licensee also proposed a change

~ to the bases of the specifications involving power distribution control
to {eflect a revised methodology used in the reactor physics analyses’ for
Cycle 8. .

The licensee's analyses for Cycle 8 also include the first use of ENC

analytical methods to verify the acceptability of Ginna operating Timita-
. tions and safety marains. .

"0 S 3 b iitr
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The staff evaluation which follows, addresses the acceptability of the

use of the ENC assemblies in Cycle 8 and the acceptability of the proposed
changes in Technical Specification. The evaluation includes the staff's
review of nuclear, thermal-hydraulic and accident analyses for Cycle 8

operation.
Evaluation

1. Design of the New Fuel

The new fuel assemblies for the core periphery were designed by Exxon
Nuclear Corporation to be compatible with the Westinghouse depleted

fuel assemblies that are to remain in the Ginna core. ] ro

The Exxon fuel design is similar to the Westinghouse fuel bundle desian
(References 1 and 2).

The Exxon fuel design criteria and fuel design calculations are
discussed .in Exxon reports submitted with the application for Fuel
Cycle 8 operation. Those aspects of the fuel design important to
safety have been reviewed by the staff and found acceptable. Those
aspects are: (1) the fuel performance during LOCA; (2) fuel clad
collapse and fuel densification; (3) fretting wear; and (4) the effect
of fuel rod bowing on the departure from nucleate boiling ratio (DNBR).

The GAPEX code (Reference 3) was used to calculate stored energy for
LOCA calculations.' GAPEX has been reviewed and approved by the .staff
for fuel temperature and internal pressure calculations in PWR fuel
(Reference 4). .

Reference 1 presents calculations which show that the cladding will
not collapse during Cycle 8. These calculations utilize the RODEX
and COLAPX codes. The RODEX code (Reference 5) calculates the cladding
temperature and fuel rod internal pressure while COLAPX (Reference 7)
- calculates the collapse time using the RODEX input. COLAPX has been
- reviewed by the staff and found acceptable for cladding collapse
calculations. RODEX has not been approved by the staff but the models
. in RODEX affecting clad temperature and internal pressure are similar
to those in the GAPEX code, which has been approved. Moreover, since
the clad collapse analyses for the Westinghouse fuel does not predict
collapse during Cycle 8, and since the cladding for the Exxon fuel is
thicker than that of the Westinghouse fuel (Reference 2) which makes
it more resistent to clad collapse, we have concluded, with reasonable
assurance, that the results of the RODEX analysis are acceptable.
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Exxon tests to determine the magnitude of fretting at the fuel rod

axial spacer contact points due to flow induced vibration revealed .
no active fretting corrosion and negligible difference in wear observed
between 500, 1000, and 1500 hours. Based on these test results and the
larger diameter - thicker clad of the Exxon fuel rods in the 14 x" 14
fuel assemblies for Ginna and therefore greater stiffness, we have
concluded that fuel rod integrity with respect to flow induced vibration
and fretting wear is acceptable.

The effect of fuel rod bowing on Departure from Nucleate Boiling Ratio
(DNBR) has been a subject of continuing discussion between the staff

“and Exxon. An Exxon analysis considered the fuel rod bowing penalties,

for the most limiting transients and attempted to show that there is
sufficient margin to offset the calculated penalties. These results
are presented in Reference 2. The staff has concluded that these

- analyses are not completely acceptable because the heat flux and

pressure used to calculate the bowing penalties were for minimum DNBR
conditions and do not represent the worst conditions for calculating

the rod bowing penalties. However, Reference 2 shows that there -is an
8.5 percent margin to the safety 1imit which offsets this nonconservatism.
On this basis, we have concluded that there is adequate thermal margin

to assure safe plant operation without violating the minimum DNBR safety

1imit. :

Based on successful irradiation experience of Exxon fuel assemblies
in other PWR cores and the analyses which have been done for Ginna
Fuel Cycle 8, we have concluded that the Exxon fuel assemblies for
Cycle 8 will perform in a safe and acceptable manner. The licensee

_has agreed (RG&E telecon 4/14/78) to submit plans for inspection of
the Exxon fuel assemblies to NRC for concurrence at least 90 days

prior to the end of Fuel Cycle 8 to enable additional NRC review of
the fuel prior to its use in Cycle 9.

Thermal Hydraulic Design .

The new Exxon fuel assemblies are designed to have thermal hydraulic
characteristics equivalent to those of the existing fuel. Therefore,
there will not be any major differences in the thermal hydraulic
behavior of the core. .

The licensee has shown that at 118 percent of rated power, the calcu-
lated minimum DNBR is 1.47. The corresponding value for the . -
Westinghouse fuel assemblies is 1.43. The fuel and cladding temperature
analysis uses Exxon calculational methods (Reference 7), assuming
maximum power peaking and engineering tolerances. The calculated
maximum fuel and cladding temperatures are well below the design

limits. We, therefore, conclude that the Exxon fuel assemblies are
compatible with the Westinghouse fuel assemblies in the Ginna core

* and’ that the thermal hydraulic criteria will not be exceeded during

plant operation. ,
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Nuc]ear Design

The Fuel Cyc]e 8 loading will consist of 89 fuel assemblies with
burnups ranging from 7,178 MWD/MTU to 23,813 MWD/MTU and 32 fresh
ENC fuel assemblies.

The licensee has specified new values for the target flux difference.
They are between +5.0 and -7.5% for the beginning of cycle life-

and between +2.0 and -7.5% for the end of cycle life. For the inter-
mediate times the values are obtained by 1inear interpolation. The
licensee has compared the neutronic characteristics of the Cycle 8
and Cycle 7 cores and concluded that they are approximately the same.
The reactivity coefficients of the Cycle 8 core are bounded by the
coefficients used in the safety analyses and we have concluded that
the coefficients are acceptable.

Just1f1cat1on of the assumed total rod worth uncertainty of 10% used

in the determination of shutdown margin has not been presented.
Confirmatory tests are therefore included in the startup phys1cs tests
for fuel Cycle 8.

‘The physics startup test program for Ginna Cycle 8 presented in the

March 27, 1978 submittal (Reference 2), was reviewed with the licensee.
Several changes to the rod worth and power coefficient measurements were
made. These changes are documented in.the.Reference 17 submittal.

As part of this test program, control rod reactivity worth will be
measured for ‘banks D, C, B and A in order to verify that adequate
shutdown margin is available. If any one bank worth differs from

the predicted value by more than 15% or the sum of the worths of

these banks differs from the predicted value by more than 10%, the
first shutdovn bank should be measured. If the sum of the five
measuréd banks differs from the predicted value by more than 10%,
additional shutdown bank measurements will be performed to ver1fy

* the technxca] specification shutdown margin.

'we have conc]uded that the total physics startup test program as .

modified is acceptable. However, there are areas in the licensee's
safety analysis that‘warrant verification in the physics startup

test program. Therefore, a summary report as described in the March
27th submittal (Reference 2) will be submitted to the NRC. The
licensee has agreed to submit the report within 45 days of completion
of the program.

Steady State and Load Follow Operation

Compliance with Fy and FaH 1imiting conditions for operation is
ensured by adherence to previously anproved constant axial offset
control strategy and core mon1tor1nq with incore and excore flux
monitors. Incore monitoring is achieved using travelling fission
chambers. Data from the fission chambers and calculated coefficients
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(Reference 9) are processed by the computer code INCORE to obtain power
distribution maps. Extensive comparisons of predicted and measured
core power distributions have been performed by Exxon for 3 and 4 Toop
cores. In general, the results of these comparisons are favorable.
However, R. E. Ginna is a two loop plant and there is only a single _
set of measured and calculated power distributions for R. E. Ginna,
Cycle 7, at hot full power, 1000 MWD/MTU. The results of this
comparison show good agreement between measurement and calculation

and add credibility to the licensee's assertion that an F uncertainty
factor of 5% is appropriate for Cycle 8. However, additional data
will be obtained during the fuel cycle 8 startup physics tests.

Safety Analyses

The Ticensee has analyzed the anticipated operating occurrences and
postulated accidents using the plant transient simulator code PTSPWR
(Reference 15). - The results of these analyses are presented in .
Reference 14. Our review of this code has progressed sufficently to
allow us to conclude.that analyses using PTSPWR provide acceptable
margins to peak linear heat generation rate and departure from nucleate
boiling design Timits. The reactivity coefficients assumed in the

-safety analyses are to be confirmed during the physics startup tests;

a. Steam Line Break Ana]yses'

The Steam Line Break (SLB) accident analysis (Reference 14) is of

" -particular concern. SLB analysis methods have not been 'generically
approved. The licensee asserts that should a large SLB occur
the plant would return to criticality, reaching a peak average
core power of 22% of rated power at approximately 90 sec after

. accident initiation. The minimum DNBR at this condition, using-
the Macbeth critical heat flux correlation, would be 1.58. Even
if DNB were to occur during a steam line break accident, DNB
would be restricted to a small region of the core in the vicinity
of the assumed stuck rod. It is noted that DNB anywhere in the
core is unlikely if all control rods scram as expected. Of the

- fuel rods which might experience DNB in the vicinity of the stuck
rod, some fraction would release their fission gas inventory. The
fission gas would have to be transported to the secondary side of
the coolant system (primary to secondary steam generator leakage) .
in order to represent a potential hazard. The potential release
to the atmosphere would be significantly less than 10 CFR Part
100 Timits. Accordingly, we have concluded that the consequences
of a steam 1ine break are acceptable.

b. ECCS Analysis

The licensee has submitted ECCS performance analyses for the
Westinghouse (Reference 19) and new ENC fuels (Reference 1). The |,
Westinghouse analysis was performed for ‘Cycle 7 fuel which the
staff believes is a conservative evaluation for the Westinghouse
fuel during Cycle 8. The ENC analysis was performed for Cycle 8
using the ENC WREM-II ECCS evaluation model (Reference 7) which

is describéd in References 8 and 9. The applicability of the model







to two-loop Westinghouse PWR plants was evaluated by ENC in Reference

10. The ENC evaluation model has been reviewed and approved conditionally
by the NRC (Reference 16) The staff has recently considered whether

the Westinghouse generic evaluation adequately represented the flow
characteristics of the Westinghouse two loop units. The generic
evaluation model assumes that all safety injection water is introduced
directly into the lower plenum. For the two loop units, the safety
injection water is injected into the upper plenum. Thus, the staff was
concerned that the Westinghouse model did not consider interaction

between UPI water and steam flow. (References 11 and 12). After plant

‘specific submittals by the licensees operating two loop plants were

reviewed, the staff concluded that the calculations provided by the ~
11censees (with certain modifications to the staff's model) are
acceptable as an interim basis for continued safe operation of the
Hestinghouse two loop plants, while long term efforts continue for
developing a model specifically treating UPI. For the Ginna plant

the calculations which specifically considered UPI using the modified

“version of the staff model, resulted in a change of only 15°F from

those using the generic mode1 in which the UPI-core interaction was
not specifically considered (Reference 20). 1In the interim, before
these models are developed, the licensee has provided a modification
to the current Westinghouse model which accounts for UPI-core inter-
action (Reference 13). It was demonstrated that the modification
resulted in ‘the increase of peak clad temperature by 15°F. Since for
the Ginna p]ant both ENC WREM-II and Westinghouse models predict
similar PCT's (1922°F for ENC WREM-I1 and 1957°F for Westinghouse)

it can be expected that the UPI mod1f1cat1on, when app11ed to the ENC
WREM-I1 model, would allow about the same increase in PCT. The

_ licensee has drawn a similar conclusion and agreed to submit within

30 days, calculational results to conf1rm the validity of th1s
conclusion. (Reference 21) .

The ECCS analyses have been performed with the upper head fluid

-temperature equal to the fluid outlet (hot leg) temperature and

assuming 10 percent of steam generator tubes plugged. The analyses
included a spectrum of breaks which consisted of guillotine double
ended cold leg (DEGCL) breaks with discharge coefficients of 1.0,
0.6 and 0.4 and split breaks with break areas of 8.25, 4.9 and 3.30
ft2. No small break analysis was performed. The 11censee has .
demonstrated, by showing analogy between the present analysis and
the ana]yses performed previously for other plants, that the small
break LOCA is not 1limiting (Reference 2). The critical break size’
was_determined to .be DEGCL with Cp=0.4.

The staff has concluded that although the Westinghouse and Exxon
two-loop generic-evaluation models should be changed to consider upper
plenum injection (unless the plant is modified), analyses at the specific

.. operating conditions applicable to the Ginna plant demonstrate that
the effect of disregarding upper plenum injection interaction on refill

and reflood conditions will not be significant (less than 20°F PCT).
Therefore, the staff believes that, for the limited range to which
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" (Reference 21) and a separate exemption action by NRC.
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the models are applied for conditions at the Ginna plant, the models do
not deviate from the requirements of 10 CFR 50 Appendix K item I.D.3,
and Ehe calculations are acceptable.

On March 23, 1978 VWestinghouse informed the NRC that an error in the
West-ECCS evaluation model had been found which had resulted in
incorrectly calculated peak clad temperatures in all LOCA analyses
previously submitted by their customers. For several plants preliminary
estimates indicated that they would not meet the 2200°F 1imit of 10

CFR 50.46 at their present maximum overall peaking factor Timits.
Westinghouse and several of their customers met with the NRC staff on
March 29, 1978 in Bethesda to discuss the error and its impact on ,

" specific plant analyses. Subsequent to that meeting, Westinghouse

provided information through the Ticensees of operating reactors to
justify continued operation at the interim peaking factor Technical
Specification 1imits proposed by the NRC staff on April 3, 1978.

On April 17, 1978 (Reference 19) RG&E submitted a letter indicating

that continued operation at their present Technical Specification

Timit of 2.32 (total peaking factor) was justified on the basis of
additional generic YWestinghouse analyses. HWestinghouse had determined
that the impact of. correcting the error on the peak cladding temperature
for the RE Ginna plant was significant but within the presently
existing margin (228°F) to the 2200°F° acceptance criteria limit. The
NRC'Staff confirmed the conservatism of that and all other plant '
evaluations and on April 18, 1978 published a Safety Evaluation Report

(Reference, attachment to Exemption), Since the Westinghouse and ENC

. fuels were analyzed using the respective Westinghouse and ENC evalua-

tion models, and since there is no zirconium-water error in the ENC
calculational model, the error in zirconium-water reaction in the
Westinghouse calculational model has no effect on the Exxon calculations.
The Zirconium-water reaction error in the Westinghouse model is the
subject of an exemption request by the 1icensee dated April 25, 1978,

Technical Specification Changes

The proposed addition to the Technical Specifications restricts the
permissable range of the target flux difference i.e. the ratio of the
flux in the top half of the core minus the fiux in the lower half of
of the core to the total. flux measured at 100% power, equilibrium
conditions. The addition, Technical Specification 3.10.2.7, assures
that axial power distributions realized in the reactor will be no
more limiting with respect to linear heat generatjon rate thqn the
axial power distributions used by Exxon to analytically confirm
(Reference 18) that, 1imiting values of Tinear heat generation VS
core height, Technical Specification 3.10.2.2, will not be violated.

The-restriction has been reviewed and approved on a genetig bagis
and has recently been incorporated in the Technical Specifications

of PWR's using Exxon Nuclear fue].':
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The change to Technical Specification 3.10.1.4 and the addition of
specification 3.10.1.6 are required to permit the physics testing
program as discussed in part 3 of our evaluation. The change and the
addition.are in accordance with the Standard Technical Specifications
for Westinghouse PWR's which we have already reviewed and approved.

The chaqges_to @he basi§ of the Technical Specification related to core
pgwer‘dlstr3but1on are 1in accordance with the Standard Technical Speci-
fication which we have approved and are therefore acceptable also. ,

~

Environmental Consideration

He have determined that the amendment does not authorize a change

in eéffluent types or total amounts nor an increase in power level and

will not result in any significant environmental impact. Having made

this determination, we have further concluded ‘that the. amendment involves
an action which is insignificant from the standpoint of environmental
impact, and pursuant to 10 CFR 351.5(d)(4), that an environmental impact
statement or negative declaration and environmental impact appraisal need
not be prepared in connection with the issuance of this amendment. ’

Conclusion

We have concluded, based on the considerations discussed above, that:

(1) there is reasonable assurance that the health and safety of the public
will not be endangered by operation in the proposed manner, and (2) such
activities will be conducted in compliance with the Commission's regulations
and the issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public.

.

Date: May 1, 1978

’
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COIMMISSION

In the Matter )
ROCHESTER GAS AND ELECTRIC ' ; Docket No. 50-244
CORPORATION )
(R. E. Ginna Nuclear Power Plant ;
' EXEHPTION . ~
I.

The Rochester Gas and Electric Corporation (the licensee), is the holder

of Provisional Operating License No. DPR-18 which authorizes the operation

of the nuclear power reactor known as R. E. Ginna Nuclear Power Plant

(the facility) at steady reactor power levels not in excess 0%71520

nzqawatts thermal (rated power). -The facility consists of a Westinghouse

Electiric Company designed pressurized reactor (PHR) located at the

Ticensee's site ‘in Wayne County, Hew York.

17, -

In accordance with the requirements of the Coimission's ECCS Acceptenc:.

Criteria 10 CFR 50.46, the ]icense; submitted on April 7, 1977 and
danuary 6, 1976 ECCS evaluations for proposed operation using 14 x 14 .
fuel manufactured by the Westinghcuse Electric Compzny and the Exson
Nuclear Coinzany (ENC). These evaluations estéblished'1jmits on the
peeking fac%or based ude ECC§ gva1uation.nodels deyelohéd by tha

Vestinahouse Electric Company (Mestinghouse), the desioner of the

Huclear Stears Supdly System for this facility,-end by Exxon, ths

_sumplier of the relosd fuel. " The Vestinaheuss and ENC BOOG evalusiin,

o Awrwtt 4. "
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models had been prev%ous]y found to conform to the requirements of the
Commission's ECCS Acceptance Criteria, 10 CFR Part 56.46 and Appendix K.
The eva]uqtion§ indicated that with the peaking factor limited as set
forth in the evalvations and with other 1limits set forth in the facility's

Technical Specifiéations, the ECCS cooling performance for the facility

.
B % eu——————— .- e « m g

would conform with the criteria contained in 10 CFR 50.46(b) which B
govern calculated peak clad temperature, maximum cladding oxidation,

maximum hydrogen generation, coolable geometry and long-term cooling.

On March 23, 1978 Westinghouse informed the Ruclear Regulatory Conmissionr

(NRC) that an error had been discovered in the fuel rod heat balance

eduation vhich resulted frem the incorrect use of only half of the :
volumetric heat generation dve to metal-water reaction in'ca1cu]ating ;

the ciadding iemperature. Thus, the LOCA analyses piravicusly submi

S dedad
[ Ee]

to the Commission by Ticensees of Westinghouse reactors were in error.’

The error identified would result ig an increase in calculated peak cled .
temperature, which, for some p]ants; covld resu%t in calculated temperai

~ tures in excess of 2200°F unless the allowable pesliing factor vas reduced

" somevhat. Westinghouse ideptified a nunber of other areas in the ap&roJed
model which Vastinghouse indicated contain;d sufficient conservatism to
~ofiset the calculated increase in heak clad temperature resulting from

the correcfiqn of the error noted ab?ve. Four of these arcas were
generic, applicable. to all plants, and & number ¢f others Qere plant
specific. As outlined in the KRC Steff's Safety Evaluation Report (§ER) )

of hovil 14, 1573 (attached). the staff detovimined that somz of those







modifications would be appropriate to offset to some extent the penalty
resulting from correction of the error. The attached SER of April 18,
1978 sets forth the value for each modification applicable to each

facility.

As part of the proposed change to the technical specifications the
licensee has submitted information and analyses to permit Cycle -8
operation with reshuffled Westinghouse fuel and with 32 Westinghouse
fuel assembljes replaced with freﬁh fuel assemblies manufactured by the
Exxon Nuclear Company (ENC) and loaded on the periphery of the core.
Based on an analysis of the informatjon presented by the licensee, the -
staff has concluded that the new fué] manufactured by Exxon Nuclear
Company (ENC) is both similar to and compatible with the fuel previously
supplied by VWestinghouse. The ENC calculations forﬁthe ENC fuel for
lthe Ginna Core are not affected by the Westinghouse error. (Safety
Evaluation fdr the reload application dated May 1, 1978). The staff's
evaluation determined that the impact of correcting the Westinghouse
Zirconium-water reaction error on the peak c]add1ng temperature for

the RE Ginna plant is less than the presently existing margin (228°F)
to the 2200°F acceptance criteria 1imit. The NRC Staff has confirmed
that the impact of correcting the error in the Westinghouse ECCS
evaluation model as it relates to the use of Hestinghouse fuel is

conservative, based on the April 18, 1978 Safety Evaluation Report.

® *
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Although revised computer calculations correcting the error, noted above,

and incorporating the modifications described in the Staff's Aprf] 18,
1978 SER have not been run fofleach-p1ant, the various parametric
studies that have been made for various aspects of the approvéd
Hestinghouse model over the course of time provide a reasonable basis
for concluding that when final revised calculations for the facility
are submitted using the revised and corrected Westinghouse model, they
will demonstrate .that operation will conform to the criteria of 10 CFR
50. 46(b),'when operated at the peaLwnq factors set forth in the SER of
Apr11 18, 1978. Such revised calculations fully conforming to 10 CFR

50.46 are to be provided.for the faci]ity as soon as possible.

Oéeration of thg facility would nevertheless be technically in non-
conformance with the requiremenis of §50:46,'in that specific computer”
runs for the particular facility ewp]oying‘revised models with the
Hé§tinohouse metal-water error corrected and with -the proooéed model
changes considered, as a complete entity will not be comp]ete for some

,t1me. Howzver, operation as ‘proposed 1n the licensee's app11cat1on

~d

dated January 6, 1978, and at the peaking factor limit specified in this

Exemption will assure that the ECCS system wi11 conform to the performance

cr1oer1a of $50.4€. Ayc0161nqu, while the actval colnputer runs for the

sncr1f1c facilily are carried out to achievé full COMW]wance v th 1“ CFR

§50.4o, operation of the fac111ty 'will not endanger life or property or

. the common defense and security.

»
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In the absence of an& safety problem associated with operation of the

‘ “facility during the period &nti] the. computer computations are completed,
the(e appears to be no public interest consider;tion favoring restrictjon
of the operation of the captioned facility. Accordingly, the Commissién
has determined that an exemption in accordance with 10 CFR $50.12 is
apprgpriatg. The specific exemption is limited to the period of time

necessary to complete computer calculations.

| 1v. ,
Copies of the Safety Evaluation Report dated Apri] 18, 1978, and the
.following documents.qré available for inspection at the Commission's
'. Public Document Room at 17{7 H Street, Mashington,fD. C. 2@555, andl
.at the Rochester Public Library, 115 South Avenue,’Rochester, New York
14627, ,
(1) Licensee subnittals dated April 7, 1977, January 6, 5978, and
April 2, 1978. | |
(2) Amendment lo. 19 to Licensé Hoﬂ'D?R-la.anB the releated Safety N
) ' | lEva]uation for the reload epplication, anq |

.
- *

(3) This Exemption in the matter of RE Ginna Huclear Power P]anta'

Fherefore,  in accordance with the Comnission's requlations as set forth

L]

. in 10 CFR Part 50, the licensee is lierehy grénted an exebption from the
requirepent§ of 10 CFR §50.46(a)(1) that ECCS performance he calculated
\

in.sccordance with an accentable calculational rwdel whiclk conforms to

the provisions in Annendix K, without errors discussed herein. This

exgrnlion 1s conditionad as follows:

rd
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(1) As soon as possible, the licensee shall submit a reeva]uétion of
ECCS cooling performsnce cajcuiéted in aEcqrdance.with the
Westinghouse Evaluation Model, and approved. by the NRC staff and -
corrected for the errors described herein.

(2) Until further authorization by the Commission, the Technical
Specification limit for total nucléar peaking factor (FQ) for ~the

facility shall be limited to 2.32.

FOR THE RUCLEAR REGULATORY CO41SSION

,/ Director-

. Division of Operatina Reactors
Office of Nuclear Reactor Regulztion
Attached:
Safety Evaluation Renort, .

dated April 18, 1978

Dated at Bethesda, lMarvland
this 1st day of May, 1978




w




fASsEaw s et ea v

April 18, 1978

°

Safety Evaluation Report

Error in Westinghouse ECCS Evaluation Model

Introduction:

SeS

Westinghouse was informed on March 21, 1978 by one of their licensees
that an error had been discovered in their ECCS Evaluation Model.
This error was common to both the blowdown and heatup codes.
Westinghouse determined by analyses that the fuel rod heat balance
equation in the LOCTA IV & SATAN VI codes was in error and that the
LOCA analyses previously submitted by their customers were jncorrect -
and predicted PCT's which were too low. Westinghouse determined

that only half of the volumetric heat .generation due to metal-water
reaction was used.in calculating the cladding temperatures and that
an unreviewed safety question existed since preliminary estimates
indicated that some plants would not meet the 2200°F 1imit of

10 CFR 50.46 without a reduction in overall peaking factor limit.

. Hestinghouse notified their customers and NRC on March 23, 1978 while

the q;ilities notified NRC through the regional I&E Offices.

Promptly upon notification by Westinghouse, the staff assessed the
immediate safety significance of this information. The staff noted

«certain points that indicated no immediate action was required to assure

safe operation of the plants. First, most plants operate at peaking -
factors significantly below the maximum peaking factor used for safety
calculations. By making safety computations at factors higher- than

actual operating levels, the facility has a wide range of flexibility,
without the need for hour to hour recomputations of core status. The
difference between the actual peaking factors and the maximum calculated
peaking factors, for most plants, would offset the penalty resulting

from the correction of the error. Second, for most reactors there are
nlant-specific parameters which bear upon aspects of the ECCS performance
calculations. Utilities do not generally take credit for these plant--
specific parameters, preferring to provide a simpler computation which
conservatively disregards these individually small credits. Third,

the error in the Westinghouse computations relates to the zirconium-water .
reaction heat séurce. This is an aspect of Appendix K, which is generally
recognized to be very conservative. New experimental data indicate that
the methods .required by Appendix K appreciably over-estimate the heat
source. "Thus, while the error in fact entails a deviation from a specific

‘requirement of Appendix K, it does not entail a matter of immediate safety

significance, - .
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Westinghouse continued to evaluate the impact of the error on previous
plant specific LOCA analyses and performed scoping calculations,
sensitivity studies and some plant specific reanalyses. In addition,
Hestinghouse investigated several modifications to the previously
approved methods which if approved by the NRC staff would offset some
of the immediate impact of the error on Technical Specifications limits
and plant operating flexibility.

On March 29, 1978, Westinghouse and several of their customers met with
members of the NRC staff in Bethesda. Westinghouse described in detail
the origin of the error, explained how it affected the LOCA analyses,
and how the error had been corrected and characterized its effect on
current plant specific analyses. In order to avoid reduction in
overall peaking factors (Fq), Westinghouse presented a description of
three proposed ECCS-LOCA evaluation model modifications which would
contribute a compensating reduction of PCT. They were characterized as
follows: !

1) Revised FLECHT 15'x 15 heat transfer correlation.

This new reflood heat transfer correlation which had been
recently developed and submitted by Westinghouse (Reference (1)
was proposed as a replacement for the currently. approved FLECHT

correlation. To determine the benefit, the proposed correlation

was incorporated into the LOCTA IV heatup code and was found to
result in improved heat transfer during the reflood portion
of the LOCA.

. 2) Revised Zircaloy Emissivity.

Based on recent EPRI data (Reference 2), Westinghouse

proposed to modify the presently approved equation for
zircaloy cladding emissivity to a constant value of 0.9.

The higher emissivity (previously below 0.8) provides
increased radiative heat transfer from the hot fuel pin during
the steam cooling period of reflood.

3) Post-CHF heat transfer.

Westinghouse proposed to replace their present post-CHF
transition boiling heat transfer correlation with the
Dougall-Rohsenow film boiling correlation (Reference 3)

which they stated was included in Appendix K to 10 CFR Part 50
as an acceptable post-CHF correlation,

. - .
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These three model modifications were classified as: generic,.applicable

to all plant analyses. Subsequently, as discussed below, these changes
were rejected by the staff as providing generic benefit. However, a
portion of the credit proposed by Westinghouse was approved by the staff

to certain specific plants, which had provided specific calculations with
the new 15 x 15 correlation. During the period March 29 to April 18, 1978,
Hestinghouse provided the staff with additional sensitivity analyses and
plant specific analysis in which they evaluated the effects of some changes
to plant-specific inputs in the LOCA analyses. These were as-follows:

1. Assumed Plant Power Level

A reduction of the plant power level assumed in the SATAN VI blowdown
analyses from 102% of the Engineered Safeguards Design Rated Power
{ESDR) level to 102% of rated power was proposed. Previously, analyses
had been performed at approximately 4.5% over the rated power. This
cha¥ge]was worth approximately 0,01 in Fq, and is referred to as AFESDR
in Table 1. . . N

2. C0CO Code Input

A modification to the COCO code input (Reference 3} to more realis-
tically.model the painted containment walls was proposed. Since the
paint on containment walls provides additional resistance to heat loss
into the walls, the COCO code calculates an increase in containment
back pressure, which results in a benefit to the calculated peak .
cladding temperature of 0 to 40°F, during the reflooding transient.
The magnitude of the benefit is dependent on the type of plant and .
the heat transfer properties of the paint, and results in up to 0.03
benefit iin Fq, and is referred to as 4Fcp in Table 1.

3. Initial Fuel Pellet Temperature’

A.modification of the initial fuel pellet temperature from the design
basis to the actual as-built pellet temperatures was proposed. In )
the present LOCA calculations, Westinghouse has assumed margins in

the initial pellet temperature. The margin available in-plant-specific
ranges from 28°F to 55°F. Use of the actual pellet temperature rather
than the assumed value results in a reduction in pellet temperature
(stored energy) at the end of blowdown, as calculated by the SATAN
code, of approximately 1/3 of the initial peliet temperature margin.
HWestinghouse has provided sensitivity analyses which indicate that

a 37°F reduction in fuel pellet temperature at end of blowdown is worth
approximately 0,1 in Fq. This is referred to as &aFpT in Table 1.
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4. Accumulator Water Volume Consideration

Westinghouse has evaluated the effect on ECCS performance of reducing
the accumulator water volume, and has determined that for those plants
for which the downcomer is refilled before the accumulators are emptied,
there is a benefit in PCT. The sensitivity studies have indicated that
this benefit in Fq is plant-specific. This is referred to as aFpcy in
Table 1.

5. Steam Generator Tube Plugging Consideration

S

In previous analyses, Westinghouse has assumed values of steam generator
tube plugging which were greater than the actual plant-specific degree
of plugging. Sensitivity analyses submitted in Reference 4 were used

to evaluate the benefit available by realistically representing ‘the
plant-specific data. For the plants affected, the benefit in PCT

ranged from 7 to 66°F which was conservatively worth from 0.007 to

.066 Fq. This is referred to as aFgg in Table 1.

Safety Evaluation

The information provided by Westinghouse was separated into two

. categories; the generic evaluation model modifications and the

plant specific sensitivity studies and reanalyses. The NRC staff
reviewed the peaking factor 1imits proposed by Westinghouse to verify
their conservatism.

The metal-water.reaction heat generation error in the Westinghouse

ECCS evaluation model was evaluated by the staff to determine an
appropriate interim penalty., Westinghouse provided two preliminary
separate effects calculations which indicated that a maximum penalty

of from 0,14 to 0,17 was appropriate to compensate for the model

error. As indicated in Reference 5, the staff conservatively rounded up
this penalty to 0.20.

As is noted above, Westinghouse had proposed several compensating

generic changes in their evaluation model to offset any necessary

reductions in peaking factor due to the error. These changes were
assessed by the staff and as noted in Reference 5.

1) No credit was given at this time, for the changes in the
post-CHF heat transfer correlation and new zZircaloy emissivity
data. -

o ooy
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2) Partial credit (70%) would be.given at this time for the use
of the new 15 x 15 FLECHT correlation only for plants which
had provided a specific calculation demonstrating that such
credit was appropriate,

Based on this review the staff developed recommended interim peaking
factor limits for all the operating plants and recommended that any
other plant specific interim factors (benefits) not related to the
generic review be considered separately. In addition, the staff reviewed
plant specific reanalyses for DC Cook, Units 1 & 2, Zion, Units 1 & 2,
and Turkey Point, Unit 3 which had corrected the error in metal water
reaction. In these analyses the Dougall-Rohsenow and zircaloy emissivity
credits were not considered, while the new 15 x 15 FLECHT correlation was
included. The staff concluded that these reanalyses could serve as a
basis for conservatively determining interim peaking factor limits for
these plants.

For most of the operating plants the staff's generic review resulted in
a lower allowable peaking factor than Westinghouse had proposed. How-
ever, in one case, Westinghouse had proposed more limiting peaking
factors in order to prevent clad temperatures at the rupture node from

.exceeding 2200°F, The staff concluded that it would be properly con-

servative to use the minimum of these values.

Based on plant specific sensitivity studies, performed by Westinghouse,
the licensees submitted requests for interim plant specific benefits.
The staff reviewed these sensitivity studies and recommended that
appropriate credits be accepted. The results of these analyses are
shown in Table 1.

We informed each licensee by telephone on April 3, 1978, that he should
administratively reduce his peaking factor 1imit from the limit contained
in his Technical Specifications to the interim peaking factor limit
contained in the right hand column of Table 1. In those cases where

the limit in Table 1 is 2.32, this represents no change from the Technical
Specifications limit. The peaking factor 1imit of 2.32 is generically )

_ supported and approved for Westinghouse regctors employing constant

axial offset control operating procedures.

For the reactor .having an interim peaking factor limit of 2.31, we
requested no further justification of the limit. This is because the
generic analysis supporting the 1imit of 2.32 approaches the limit only
at beginning of the first cycle. Since the affected reactors have
operated past this point, it is clear that the maximum attainable
peaking factor will be less than 2.32. While this margin has not been
quantified, the staff is convinced it is substantially greater than

the 0.0% for which we ‘are requiring no additional justification from the
plants with an interim limit of 2.31.
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For the reactors with an interim 1imit less than 2.31, we requested
that the licensee furnish administratively imposed procedures to re-
place Technical Specifications either:

1. To provide a plant specific constant axial offset control
analysis of 18 cases of load following which would ensure that
the interim limit would not be exceeded in normal operation
of the power plant, or, at his option, if such analysis were
unobtainable, inappropriate or insufficient, '

2. To institute procedures for axial power distribution
monitoring of the interim 1imit using a system designed for
this purpose or manual procedures as indicated in Standard
Technical Specifications 3/4 2.6 and.ancillary Specifications.

Yic requested the licensees to provide indication that they have adopted
the above interim LOCA analyses, interim peaking factor limits and admin-
istrative procedures by April 10, 1978, if their reactors were operating,
and by April 17, 1978, if the reactors were not operating.

Conclusion

We conclude that when final revised calculations for the facility are
* submitied using the revised and corrected model, they will demonstrate
that with the peaking factor set forth herein, operation will conform
to the criteria of 10 CFR 50.46(b). Such revised calculations fully
conforming to 10 CFR 50.46(b).are to be provided for the facility as
soon as possible.

As discussed herein, the peaking factor limit specified in Table 1, in
combination with any necessary operating surveillance requirements, will
assure that the ECCS will conform to the performance requirements of

10 CFR 50.46(b). Accordingly, limits ‘on calculated peak clad temperature;
maximum cladding oxidation, maximum hydrogen generation, coolable geometry
and long term cooling provide reasonable assurance that the public health
and safety will not be endangered. )
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. Pt, Beach 2025 12,32 .16 -2 2.,2812.,32 2.28 01 - - ,029 " 2,32
Pt, Beach 2 * 2025 | 2.32 A6 [-.2 - 2.2812,32 | 2.28 | oy " - | ,066 - 2,32
1 Ginna 1972 {2.32 26 |~.2 - 2,32 12,32 2.32 - - ] = 033 " 2,32
Kewaunee 2172 1 2.25 03 ]-.2 05 2,13 ] 2,25 2,13 0 .02 - - - 2.16 =
Prairie Island 1/2 2187 1 2.32 M) I .05 2.18 ] 2,26 2,18 0 ,02 - - .03 2,25(¢+) . .
3 Loop . . .
North Anna 2181 | 2.32 02 |-.2 - Jeaales | 2.4 |- -} - - - 204 ° 7
Beaver- Valley 2041 12,32 A5 -2 - 2.2712.32 2.27 - - 036 - - 2.31 ¢
Farley * 1991 12.32 24 1-.2 - 2.3212.32 2.32 .01 005 « |7 - - 2.32
Surry 1 2177 11,85 "1 .02 }-.2 .06 1.73)1.84 1.73 - 03 {.0251 .023 - 1.8Y
Survy 2 - 2177 11.85 02 (-2 06 1.73{1.64 1.73 - .03 | .025} .023 - 1 1.8
Turkey Point 3 201941 1,90 .14 {0 -.03 2.01 12,05 2.0 - - - .020 - 2.03
Turkey Point 4 2195 {2.05 00 1-.2 W05 1.90 1 1.9} 1.90 - - - 0 - 1.91
4 Loop ‘
Indlan Point 2 2086 12.32 Jl -2 - 2.2312.23 2.23 01 - - - - » 2.24
Indian Point 3 2125 12.32 D7 (-2 .06 2.2512.19 2.19 .01 - .03 - - 2.23
Trojan 1975 12.32 W26 -2 - 2.322.32 2.32 0 - .037 - - 2.32
Salem } 2135 12.32 .06 |-.2 - l2.18}12.32 2.18 0 - .024 - - 2.2
Zion 1/2 2189+ 2:07 - 0 -.03 2.04 - 2.0¢4 - - - - - 2.04(+)
Cook 1 2161%1 1,90 03 10 -.03 1.90 1.98 1.90 - - - - - 1.90
Cook 2 2190+ 2.10 .01 |0 0 2.1 - 2.11 {0 4] ’0 0 0 2.0 *
afp - Credit tn Fgy for PCT margin to 22009F Yimit,
¢>fzr02 - ¥etal Water Reaction penalty on Fq.-
.a FpLeeyr- Credit in FQ for improvements to 15X15 FLECHT Correlatfon.
Fpcr - Staff’estimated Fg based on 22000F PCT limit. ;
' Fsg - Westinghouse proposed Fq based on stored energ} sensitivity studfes. . .

*Denotes reanalysis at Fg old ‘value error corrected,

**Denotes reana\yses at FQ o\d value, error corrected, accumu]ator Yol. Change of 100 ft3. accurulator pressure of 650 psia
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(+) These !lmits are applicable assuming Ycensee modifies accumulator conditions as appropriate, If not, Prairie i ;
[sland 1/2 Fg=2.21, Zion 1/2 Fg=1.9 .
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UNITED STATES NUCLEAR REGULATORY COMMISSION
DOCKET NO. 50-244

ROCHESTER GAS AND ELECTRIC.CORPORATION

NOTICE OF ISSUANCE OF AMENDMENT TO PROVISIONAL
OPERATING LICENSE

7590-01

The U. S. Nuclear Regulatory Commission (the Commission) has issued
Amendment No. 19 to Provisional Oberating License No. DPR-18, issued
to Rochester Gas and Electric Cgrporation (the 1icensee), which reyised
the .Technical Specifications for operation of the R. E. Ginna Plant

(fac111ty) located in Wayne County, New York. The amendment is effective

as of 1ts date of issuance.

The amendment changes the Appendix A Technical Specifications to

"supbort operation in Cycle 8 with reload fuel by Exxon Nuc1ear,Company'

(ENC). This fuel has been designed by ENC to be compatible with the fué1

" supplied previously by Westinghouse. In addition, the amendment allows

Technical Specificatibn cﬁanges that are required for startup tests.
The application for the amendment complies with the standards and’

}equirements of the Atomic .Energy Act of 1954, as amended (the Act), and

the Commission's rules and regulations. The Commission has made appropriate.

findings as required by the Act and the Commission's rules and regulations
in 10 CFR Chapter I, which are set forth in the 1icense amendment.
Notice of proposed Issuance of Amendment to Facility Operating

License in connection with this action was published in the FEDERAL

" REGISTER on February 21,‘1978 (43 FR 7275). No request for a hearing

or petition’?or leave to intervene was filed following notice of the

proposed action.




%4




P B P

3
.
a
v,
[y
.

The Commission has determined that the issuance of this amendment
will not result in any significant environmental impact apd that pursu;nt
to 10 CFR $51.5(d)(4) an environmental impact statement of'negative
declaration and environmental impact appraisal need not be prepared in
connection with issuance of this amendment.

For further details with respect to this aétion, see‘(l) the
Commission's Order for Modification of License dated August 27, i976,

(2) the application for amendment dated‘January 6, 1978, and supplements
thereto dated January 10, 19?&, March 2?, 1978, April 6, 1978, April 17,

1978, and April 25, 1978, (3) Amendment No. 19 to Licénse No. DPR-18,

(4) the Commission's related Séfety Evaluation, and (5) the Exemption
related to the requirements of 10 CFR 50.46(a)(1) aﬁd the Safet&
Evaluation dat;d April 18, 1978, attached thereto.: A1l of these jtems
are available for puB?ic inspection at the Commission's Public 69cument
Room, 1717 H Street, N. W., Washington, D.C. and at the Rochester Public
Library, 115 South Avenue, Roéhestgr, New York 14627.i

A copy of %tems (1), (3), (4), and (5) may be obtained upon request
add;essed to the U. S. Nuclear Regulatory Commission Nash1ngton D. C '
20555, Attention: Director, D1vws1on of Operating Reactors.

Dated aé Bethesda, Maryland, 1st day of May, 1978. ;

FOR THE NUCLEAR REGULATORY COMMISSION

G

/\) _,Q/Vv\vw
Dennis L. Z1emann, Chief

Operating Reactors Branch #2
Division of Operating Reactors

\/YVV\-’ YV“\-
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*****‘ May 10, 1978
s
‘Edward Luton, Esq., Cha1rman ) Dr. Emmeth A Luebke
Atomic Safety and Licensing Board Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory Commission

Washington, DC 20555 Washington, DC 20555
Dr. Franklin C. Daiber
College of Marine Studies
University of Delaware
Newark, Delaware 19711

In the Matter of
. Rochester Gas & Electric Corporation
3 - (R.. E. Ginna Nuclear Power Plant, Unit No. 1)
. Docket No. 50-244

- - Gentlemen:

Enclosed are copies of Amendment No. 19 to Provisional Operating License-
No. DPR-18, and supporting safety evaluations, and an exemption from

the requirements of 10 CFR §50.46(a)(1) for the R. E. Ginna Nuciear
Power Plant. I have also enclosed a copy of the Safety Evaluation
Report, An Interim ECCS Evaluation Model For Westinghouse Two-Loop
Plants (March, 1978), which- treats upper plenum injection.

These materials are submitted to the Licensing Board in keeping with
the NRC Staff's policy of keeping Board's informed. An ECCS contention
is presently pending before this Board.

‘ 5 : Sincerely, oy
<:f::; 4 !,,/// :
TR T
\_ \ ¢ L l\_’L/. T~

Edward G. Ketchen
Counsel for NRC Staff

Enclosures
As Stated

cc w/encl: Leonard M. Trosten, Esq.
Mr. Michael Slade
Robert E. Lee, Ph.D
Jeffrey Cohen, Esq.
Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing Board Panel
Atomic Safety and Licensing Appeal Board
Docketing and Service Section
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(T S May 1, 1978
Docket No. 50-244 ' :

ae .

Rochester Gas and Electric Corporation " -
ATTN: Mr. Leon D. White, Jr. : .
Vice President »

Electric and Steam Production
89 East Avenue .
Rochester, New York 14649

Gentlemen:

The Conmission has issued the enclosed Amendment No. 19 to Provisional
Operating License No. DPR-18 and an Exemption from the requirements of
10 CFR 50.46(a)(1) for the R. E. Ginna Nuclear Power Plant.

The amendment consists of changes to the Technical Specifications in
response to your application dated January 6, 1978, as supplemented by
letters dated January 10, 1978, March 27, 1978, April 6, 1978, April 17,
1978, and April 25, 1978. HWe have recently noted that your January 6
application, which was received by the NRC on January 9, 1978, was
actually dqted January 6, 1977. ) .

The amendment incorporates changes to the Appendix A Technical Specifi-
cations to support operation in Cycle ‘8 with reload fuel by Exxon -
Nuclear Company (ENC). This fuel has been designed by ENC to be
compatible to the fuel supplied previously by Westinghouse. In addition,
the amendment allows Technical Specification changes that are required
for startup tests. .

The Commission has also concluded that your ECCS analysis utilizes upper
head fluid (hot leg) temperature and therefore satisfies the provision
set forth in the Commission's Order for Modification of License dated
August 27, 1976, without changes to the Technical Specifications.

Notice of proposed Issuance of Amendment to Facility Operating License
in connection with the license amendment action was pubiished in the
Federal Register on February 21, 1978 (43 FR 7275).

. ha s
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Rochester Gas and Electric.Corporation -2 - May 1, 1978

.

In résponse to your request dated April 25, 1978, .we have granted an
Exemption from the requirements of 10 CFR 50. 46(a)(1) that ECCS
performance be calculated in accordance with an acceptable calculational
model which. conforms to the provisions in Appendix K, without the errors
contained in the analyses previously submitted to the Commission. On
March 23, 1978, Westinghouse provided the Commission an oral notification
related to these errors.

. I's
Copies of the Safety Evaluation related to the license amendment, the:
staff's Safety Evaluation Report dated April 18, 1978, related to the
Exemption and Notice of Issuance of License Amendment are also enclosed.
The Exemption and the Notice are being forwarded to the Office of the
Federal Register for publication.

Sincerely,

%ﬁ AL / ( MM

Dennis L.. Ziemann A hief
Operating Reactors Branch #2
Division of Operating Reactors

Enclosures: :
1. Amendment No. 19 to
License DPR-18
2. Safety Evaluation
3. Exemption w/Safety Evaluation
‘ dated 4/18/78
4. Notice

cc w/enclosures:
See next page
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Rochester Gas & Electric Corporation ° -3 - - ' May 1, 1978
cc
Lex K.-:Larson, Esquire ’ U, S, Env1ronmenta1 Protect1on
LeBoeuf, Lamb, Leiby & MacRae Agency
1757 N Street, N. W. Region II Office
Washington, D. €. 20036 ATTN: EIS COORDINATOR
. ) 26 Federal Plaza
Mr. Michael Slade . New York, New York 10007

1250 Crown Point Drive
webster! New York 14580

Rochester Committee for
Scientific Information

Robert E. Lee, Ph.D.

P. 0. Box 5236 River Campus
Station

Rochester, New York 14627

Jeffrey Cohen

New York State Energy Office
Swan Street Building

Core 1, Second Floor

Empire State Plaza

‘Albany, New York 12223 |

Director, Technical Development Programs - (w/cys of 4/7/77, 1/6/78, 1/10/78,
State of New York Energy Office - - 3/27/78, 4/6/78, 4/17/78, and 4/25/78
Agency Building 2 filings by RG&E)

Empire State Plaza ,

Albany, New York 12223

Rochester Public Library
115 South Avenue . '
Rochester, New York 14627 _ . .

Supervisor of the Town of Ontario
107 Ridge Road West
Ontario, New York 14519

Chief, Energy Systems Analyses
Branch (AW-459)
Office of Radiation Programs
U. S. Environmental Protection Agency
Room 645, East Tower
401 M Street S. H.
Washington, D. C. 20460
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NUCLEAR REGULATORY COMMISSICN
WASHINGTON, D. C. 20555

ROCHQSTER GAS AND ELECTRIC CORPORATION

DOCKET NO. 50-244
R. E. GINNA NUCLEAR POWER PLANT

AMENDMENT TO:PROVISTONAL OPERATING LICENSE

Amendment No. 19
License No. DPR-18

The Nuclear Requlatory Commission (the Commission) has found that:

A. The application for amendment by Rochester Gas and Electric
Company (the licensee) dated January 6, 1978, as supplemented
by letters dated January 10, 1978, March 27, 1978, April 6, 1978,
April 17, 1978, and April 25, 1978, complies with the standards
and requirements of the Atomic Energy Act of 1954, as amended
(the Act), and the Commission's rules and regulations set forth
in" 10 GFR Chapter I;

B. The facility will operate in conformity with the application, the
provisions of the Act, and the rules and regulations of the
Commission;

C. There is reasonable assurance (i) that the activities authorized
by this amendment can be conducted without endangering the health
and safety of the public, and (ii) that such activities will be
conducted in compliance with the Commission's regqulations;

D. The issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;
and . . .

E. The issuance of this amendment is in accordance with 10 CFR Part
51 of the Cormission's regulations and all applicable require-
ments have been satisfied. .
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Accordingly, the license is amended by changes to the Technical
Specifications as indicated  in the attachment to this license

* amendment and paragraph 2.C(2) of Provisional Operating Licensé
No. DPR-18 is hereby amended to read as follows:

(2) Technical Specifications

The Technical Specifications contained in Appendices A and B,

as revised through Amendment No. 19 are hereby incorporated in
the Ticense. The licensee shall operate the facility in ‘
accordance with the Technical Specifications.

3. This license amendment is effective as of the date of its issuance.
\feR THE NUCLEAR REGULATORY gOMMISSION
\ “ "
Nusif G Veasulut
%u;l:(/{ . M‘ . .
Darrell G. Eisenhut, Assistant Director .

for Systems & Projects:
Division of Operating Reactors

Attachment: :
Changes to the Technical
Specifications

Date of Issuance May 1, 1978
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ATTACHMENT TO LICENSE AMENDMENT NO. 19
I PROVISIONAL OPERATING LICENSE NO. DPR-18 '
DOCKET NO. 50-244

Change the Technical Specifications contained in Appendix A of License
No. DPR-18 as indicated below. The revised pages contain the captioned
amendment number and marginal lines to reflect the area of change.

Remove Insert
3.10-2 3.10-2

——— . 3.10-2a
3.10-4 3.10-4
3.10-8¢c 3.10-8¢c







3.10.1.2 When the reactor is critical except fﬁysics tests .
and cqﬁtro] rod exercises; the shutdown control rods .
sh§11_be fully withdrawn. f
3.10.1.3 when‘tﬁe reactor is.critica1; except for physics tests
o and control rod exercises,ueéch group of control rods shall
be inserted no further than the 1imits shown by the Tines
on Figure 3.10-1 and moved sequentially with a 100 (+5) step
overlap between successive banks. = - “ -
3.10.1.4 During control rod exercises indicated in Tab]e’4.1-2, the
, insertion 1imits need not be observed but the Figure 3.10-2"
ﬁust be observed. |
3.10.1.5 The part length control rods will not be inserted.exceptl
. . for physics tests or . for axial offset calibration Derformgq
| at 75% power or lesﬁ.
3.10.1.6 Durihg-measurement of control rod worth and shutdown margin,
the shutdovm maégin.requirement,,Specification 3.10.1.1, need
not be observed provided the reactivity equivafent to at least
the highest. estimated. control rod worth is available for trip
jnsertion and all part length control rods are fully withdrawﬁ:
Each full length control rod not fully inserted, that is; the ‘
‘ rods available for trip insertion, shall be demonstrated capabTe
of full insertion when tripped from af least the 50% withdrawn °
Lo pd§ition withiﬁ 24;hours.prior'to reducing the»éhutdown margin
. to‘]ess than the limits of Specification 3.10.1.1. The position
of each full length rod not fully inserted, that is, available
for trip insertiop, shall be determined. at least once per 2
hours. ‘ -

3.10-2
Amendment No. 19
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3.10.2 Power Qisfribution Limits and Misaligned Control Rod

3.10.2.1 The movable detector system shall be used to measure power
aistriéution after each fuel reloading prior to operation
of the plant at 50% of rated power to ensure that design .
Timits are not exceeded.
_If the core is operating above 75% power with one excore

nuclear channel out of service, then the quadrant to

Amendment No. 19 3.10-2a







3.10.2.4

.

'3.10.2.5

3.10.2.6

3.10.2.7

3.10.2.8

-3.10.2.9

Amendment No. 19
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If the quadrant to average power tilt ratio. exceeds
1.02 but is less than 1.12 for a sustained period of
more than 24 hours without known cause, or if such a
tilt recurs intermittently without known cause, the -
reactor power level shall be restricted so as not to
exceed 50% of rated power. If the cause of. the tilt:
is determined, continued operation at a power level
consistent. w1th 3.10.2.2 above, shall be permltted
Except for physics test, if the gquadrant to average
power tilt ratio is 1.12 or greater, the reactor
shall be put in the hot shutdown condition utilizing
normal operating procedures. Subsequent operation
for the purpose of measuring and correcting the tilt
is permitted provided the power level does not exceed
50% of rated power and the Nuclear Overpower Trlp
"set point is reduced by 50%"..

Following any refueling and at least every effective
full power month thereafter, flux maps, using the
movable detector system, shall be made to confirm
that the hot channel factor limits of Spec1f1catlon
3.10.2.2 are met.

The reference equilibrium indicated axial flux
difference as a function of power level (called. the
target flux difference) shall be measured at least
once. per equivalent full'power quarter. The. target
flux difference must be updated at least each equiv-
alent full power month using a measured value or by
interpolation using the most recent measured value
and the predicted value at the end of the cycle life.
The target flux difference shall be between +5.0 and
~-7.5% .at the beginning of cycle life and between +2.0
and -7.5% at the end of cycle life. Linear interpola-
tion shall be used to determine  values at other tlmes
in cycle life.. .

‘Except during'physics.tests, control rod excercises,

excore detector calibration, and except as modified

., by 3.10.2.9 through 3.10.2.12, the: indicated axial

flux difference shall be maintained within + 5% of
the target flux difference (defines the target band
on axial flux difference). AaAxial flux difference for
power distribution control is defined as the average
value for the four excore detectors. If one excore
detector is out of' service, the remaining three shall

.- be used to derive the average.

Except during physics tests, control rod exercises, or excore
calibration, at a power level greater than 90 percent of rated
power, if the indicated axial flux difference deviates from its
target band. The flux difference shall be returned to the target
band immediately or the reactor power shall be reduced to a level
no greater than 90 percent of rated power.

3.10-4







different froh:se resulting from oper“n within -
the target band. The instantaneous consequence of

being outside the band, provided rod insertion limits
are observed, is not worse than'a 10 percent increment
in peaking factor for flux difference in the range

+14 percent to -14 percent (+1ll1 percent to -1l percent
indicated) .increasing by +1 percent of each 2 percent
decrease in rated power. Therefore, while the deviation,
exists the power level is limited to 90 percent ‘or

lowéxr depending on the indicated flux difference.

If, for any reason, flux difference is not controlled
within the + 5 percent band for as long a period as one
hour, then xenon distributions may be significantly
changed and operation at 50 percent is required to pro-
tect against potentially more severe consequences’of
some accidents. :

As discussed above, the essence of the limits is to
maintain the xenon distribution in the core as close:
to the equilibrium full power condition as possible.
This is accomplished, without part length rods, by
using the chemical volume control system to position
- the full length control rods to produce the required
indication flux difference.

The effect of exceeding the flux difference band at or
below half power is approximately half as great as it
would be at 90% of rated power, where the effect of
deviation has been evaluated.

The reason for requiring hourly logging is to provide
continued surveillance of the flux difference if the
normal alarm functions are out of serxvice. It is
intended that this surveillance would be temporary
until the- alarm functions are restored.. .

The gquadrant power tilt ratio limit assures that the
" radial power distribution satisfies the design values
used in the power capability analysis. Radial power
distribution measurements are made during startup
testing and periodically during power operation.

The limit of 1.02 at which corrective action is required
provides DNB and linear heat generation rate protection
with x-y plane power tilts. A limiting tilt of 1.025
can be tolerated before the margin for uncertainity

in Fgq is depleted. Therefore, the limiting tilt has been
set as 1.02. ‘To avoid unnecessary power changes, the operator is
allowed two hours in which to Derify the ti1t reading and/or to
determine and correct the causé of thie tilt. Should this action
verify a tilt in excess of 1.02 which remains uncorrected, the
margin for uncertainty in Fq and FaH is reinstated by reducing the
power by 2% for each percent of tilt above 1.0,. in accordance .
with the 2 to 1 ratio above, or as required by the restrictionv
peaking factors.

Amendment No. 19 3.10-8c.
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
SUPPORTING AMENDMENT NO. 19 TO PROVISIONAL OPERATING LICENSE HO. DPR-18
ROCHESTER GAS AND ELECTRIC CORPORATION
R. E. GINNA NUCLEAR PONER PLANT
" DOCKET NO. 50-244

Introduction

By application dated January 6, 1978, as supp]emgnted by letters dated

, January 10, March 27, April 6, April 17, and April 25, 1978,.Roc@ester
Gas and Electric Corporation (the Ticensee) requested authqr1zat10n to
operate the R. E. Ginna Nuclear Power Station in Cycle 8 with reload

" fuel supplied by Exxon Nuclear Company, Inc., and requested a changg to

. the Technical Specifications involving power distribution control Timits.

Discussion

The R. E. Ginna Nuclear Power Station has operated seven fuel cycles

with fuel supplied by Westinghouse Corporation. Cycle 8 will involve the
first use of fuel from a different vendor, Exxon Nuclear Company, Inc.
(ENC). The loading for Cycle 8 will consist of 32 new ENC fuel assemblies
loaded at the periphery of the core and 89 exposed Westinghouse assemblies
scatter loaded in the center of the core. A1l assemblies are of similar
design with the ENC assemblies designed to be compatible with the other
fuel assemblies, Reactor power level, core average linear heat rate and
primary coolant system temperature and pressure for Cycle 8 will remain
the same as for the previous cycle.

The licensee has stated that all technical specification limits for the
previous cycle are applicable to Cycle 8, with the exception of one limit
involving power distribution control. The licensee also proposed a change
to the bases of the specifications jinvolving power distribution control

to reflect a revised methodology used in the reactor physics analyses for
Cycle 8. .

The licensee's analyses for Cycle 8 also include the first use of ENC
analytical methods to verify the acceptability of Ginna operating limita-
. tions and safety marains. :
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The staff evaluation which follows, addresses the acceptability of--the
use of the ENC assembliies in Cycle 8 and the acceptability of the proposed
changes in Technical Specification. The evaluation includes the staff's
review of nuclear, thermal-hydraulic  and accident analyses for Cycle 8
operation.:

Evaluation

1. Design of the New Fuel

The new fuel assemblies for the core periphery were designed by Exxon
Nuclear Corporation to be compatible with the Westinghouse depleted
fuel assemblies that are to remain in the Ginna core.

The Exxon fuel design is similar to the Westinghouse fuel bundle desian
(References 1 and 2).

The Exxon fuel design criteria and fuel design calculations are
discussed in Exxon reports submitted with the application for Fuel
Cycle 8 operation. Those aspects of the fuel design important to
safety have been reviewed by the staff and found acceptable. Those
aspects are: (1) the fuel performance during LOCA; (2) fuel clad
collapse and fuel densification; (3) fretting wear; and (4) the effect
of fuel rod bowing on the departure from nucleate boiling ratio  (DNBR).

The GAPEX code (Reference 3) was used to calculate stored energy for
LOCA calculations. GAPEX has been reviewed and approved by the staff
for fuel temperature and internal pressure calculations in PWR fuel
(Reference 4). -

Reference 1 presents calculations which show that the cladding will
not collapse during Cycle 8. These calculations utilize the- RODEX
and COLAPX codes. The RODEX code (Reference 5) calculates the cladding
temperature and fuel rod internal pressure while COLAPX (Reference 7)
- calculates the collapse time using the RODEX input. COLAPX has heen
reviewed- by the staff and found acceptable for cladding collapse
calculations. RODEX has not been approved by the staff but. the models
in RODEX affecting clad temperature and internal pressure are similar
to those in the GAPEX code, which has been approved. Moreover, since
the clad collapse analyses for the Westinghouse fuel does not predict
collapse during Cycle 8, and since the cladding for the Exxon fuel is
thicker than that of the Westinghouse fuel (Reference 2) which makes
it more resistent to clad collapse, we have concluded, with reasonable
assurance, that the results of the RODEX analysis are acceptable.
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Exxon tests to' determine the magnitude of fretting at the fuel rod
axial spacer contact points due to flow induced vibration revealed )
no active fretting corrosion and negligible difference in wear observed
between 500, 1000, and 1500 hours. Based on these test results and the
larger-diameter - thicker clad of the Exxon fuel rods in the 14 x 14

fuel assemblies for Ginna and therefore greater stiffness, we have s

concluded that fuel rod integrity with respect to flow induced vibration
and fretting wear is acceptable. ) ' "

The effect of fuel rod bowing on Departure from Nucleate Boiling Ratio
(DNBR) has been a subject of continuing discussion between the staff
and Exxon. An Exxon analysis considered the fuel rod bowing penalties ..
for the most limiting transients and attempted to show that there is
sufficient margin to offset the calculated penalties. These results
are presented in Reference 2. The staff has concluded that these

- analyses are not completely acceptable because the heat flux and

pressure .used to calculate the bowing penalties were for minimum DNBR
conditions and do not represent the worst conditions for calculating

the rod bowing. penalties. However, Reference 2 shows that there is an
8.5 percent margin to the safety 1imit which offsets- this nonconservatism.
On this basis, we have concluded that there is adequate thermal margin

to assure safe plant operation without violating the minimum DNBR safety

Himit.

Based on successful irradiation experience of Exxon fuel assemblies
in other PWR cores and the analyses which have been done for Ginna
Fuel Cycle 8, we have concluded that the Exxon fuel assemblies for
Cycle 8 will perform in a safe and,acceptable manner. The licensee

. has agreed (RG&E telecon 4/14/78) to submit plans for inspection of
the Exxon fuel assemblies to NRC for concurrence at least 90 days

prior to the end of Fuel Cycle 8 to enable additional NRC review of
the fuel prior to its use in Cycle 9.

* Thermal Hydraufic Design

The new Exxon fuel assemblies are designed to have thermal hydraulic
characteristics equivalent to those of the existing fuel. Therefore,
there will not be any major differences in the thermal hydraulic
behavior of the core. ' 4 ) -

The licensee has shown that at 118 percent of rated power, the calcu-
Tated minimum DNBR is 1.47. The. corresponding value for the- .o
Westinghouse fuel assemblies. is 1.43. The fuel and cladding temperature
analysis uses Exxon calculational methods (Reference 7), assuming -
maximum power peaking and.engineering tolerances. The calculated
maximum fuel and cladding temperatures are well below the design

1imits. We,. therefore, conclude that the Exxon fuel assemblies are
compatible with the Westinghouse fuel assemblies in the Ginna core

" and that the thermal hydraulic criteria will not be exceeded: during

plant operation.
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Nﬁc]ear Design

The Fuel Cycle 8 loading will consist of 89 fuel assemblies with
burnups ranging from 7,178 MND/MTU to 23,813 MUD/MTU and 32 fresh
ENC fuel assemblies.

The 1icensee has specified new values for the target f1ux difference.
They are between +5.0 and -7.5% for the beginning of cycle life

and between +2.0 and -7.5% for the end of cycle life. For the inter-
mediate times the values are obtained by linear interpolation. The
licensee has compared the neutronic characteristics. of the Cycle 8
and Cycle 7 cores and concluded that they are approximately the same.
The reactivity coefficients of the Cycle 8 core are bounded by the
coefficients used in the safety analyses and we have concluded that
the coeff1c1ents are acceptable.

Just1f1cat1on of the assumed total rod worth uncertainty of 10% used
in the determination of shutdown margin has not been presented.
Confirmatory tests are therefore included in the startup Dhys1cs tests
for fuel Cycle 8.

The physics startup test program for Ginna Cycle 8 presented in the
March 27, 1978 submittal (Reference 2), was reviewed with the licensee.
Several changes to the rod worth and power coefficient measurements were
made. These changes are documented in.the.Reference 17 submittal.

As part of this test program, control rod reactivity worth will be
measured for ‘banks D, C, B and A in order to verify that adequate
shutdown margin is available. If any one bank worth differs from

~ the predicted value by more than 15% or the sum of the worths of

these banks differs from the predicted value by more than 10%, the
first shutdowvn bank.should be measured. If the sum of the five
measureéd banks. differs from the predicted value by more than 10%,
additional shutdown bank measurements will be performed to verify

* the technical specification shutdown margin.

.We have concluded that the total physics. startup test program as

modified is acceptable. However, there are areas in the licensee's
safety analysis that*warrant verification in. the physics startup

test program. Therefore, a summary report as described in the March
27th submittal (Reference 2) will be submitted to the NRC. The
Ticensee has agreed to submit the report within 45 days of completion
of the program.

Steady State and Load Follow Operation

Compliance with Fy and FAH Timiting conditions for operation is
ensured by adherence to previously anproved constant axial offset
control strategy and core mon1tor1nq with incore and excore flux
monitors. Incore monitoring is achieved using travelling fission
chambers. 'Data from the fission chambers and calculated coeff1c1ents
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(Reference 9) are processed by the computer code INCORE to obtain power .
distribution maps. Extensive comparisons of predicted and measured
core power distributions have been performed by Exxon for 3 and 4 loop
cores. In general, the results of these comparisons are favorable.
However, R. E. Ginna is a two Toop plant and there is only a single
set of measured and calculated power distributions for R. E. Ginna,
Cycle'7, at hot full power, 1000 MWD/MTU. The results of this
comparison show good agreement between measurement and calculation

and add credibility to the licensee's assertion that an Fy uncertainty
factor of 5% is appropriate for Cycle 8. However, additional data
will be obtained during the fuel cycle 8 startup physics tests.

Safety Analyses

The Ticensee has analyzed the anticipated operating occurrences and
postulated accidents using the plant transient simulator code PTSPWR
(Reference 15). The results of these analyses are presented in .
Reference 14. Our review of this code has progressed sufficently to
allow us to conclude.that analyses using PTSPWR provide acceptable
margins to peak linear heat generation rate and departure from nucleate
boiling design 1imits. The reactivity coefficients assumed in the
safety analyses are to be confirmed during the physics startup tests.

a. Steam Line Break Analyses

The Steam Line Break (SLB) accident analysis (Reference 14) is of

" -particular concern. SLB analysis methods have not been generically
approved. The Ticensee asserts that should a large SLB occur
the plant would return to criticality, reaching a peak average
core power of 22% of rated power at approximately 90 sec after

. accident initiation. The minimum DNBR at this condition, using
the Macbeth critical heat flux correlation, would be 1.58. Even
if DNB were to occur during a steam line break .accident, DNB
would be restricted to a small region of the core in the vicinity
of the assumed stuck rod. It is noted that DNB anywhere in the
core is unlikely if all control rods scram as expected. Of the

- fuel rods which might experience DNB in the vicinity of the stuck
rod, some fraction would release their fission gas inventory. The
fission gas would have to be transported to the secondary side of
the coolant system (primary to secondary steam generator Teakage)
in order to represent a potential hazard. The potential release
to the atmosphere would be significantly less than 10 CFR Part
100. Timits, Accordingly, we have concluded. that the consequences
of a steam 1ine break are acceptable.

b. ECCS‘Ana]ys%s

The Tlicensee has submitted ECCS performance analyses. for the
Westinghouse (Reference 19) and new ENC fuels (Reference 1). The
Westinghouse analysis was performed for Cycle 7 fuel which the
staff believes is a conservative evaluation for the Westinghouse
fuel during Cycle 8. The ENC analysis was performed for Cycle 8
using the ENC WREM-II ECCS evaluation model (Reference 7) which

is described in References 8 and 9. The applicability of the model
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to two-loop Westinghouse PWR plants was evaluated by ENC in Reference
10. The ENC evaluation model has been reviewed and approved conditionally
by the NRC (Reference 16). The staff has recently considered whether
the Westinghouse generic evaluation adequately represented the flow
characteristics of the Westinghouse two loop units. The generic
evaluation model assumes that all safety injection water is introduced
directly into the lower plenum. For the two loop units, the safety
injection water is injected into the upper plenum. Thus, the staff was
concerned that the Westinghouse model did not consider interaction
between UPI water and steam flow. (References 11 and 12). After plant
specific submittals by the licensees operating two loop plants were
reviewed, the staff concluded that the calculations provided by the ~
licensees (with certain modifications to the staff's model) are .
acceptable as an interim basis for continued safe operation of the
Westinghouse two Toop plants, while long term efforts continue for
developing a model specifically treating UPI. For the Ginna plant

the calculations which specifically considered UPI using the modified
version of the staff model, resulted in a change of only 15°F from
those using the generic model in which the UPI-core interaction was
not specifically considered (Reference 20). In the interim, before
these models are developed, the licensee has provided a modification

to the current Westinghouse model which accounts for UPI-core inter-
action (Reference 13). It was demonstrated that the modification
resulted in the increase of peak clad temperature by 15°F. Since for
the Ginna plant both ENC VWREM-II and Westinghouse models predict
similar PCT's (1922°F for ENC WREM-II and 1957°F for Westinghouse)

it can be expected that the UPI modification, when applied to the ENC
WREM-1I model, would allow about the same increase in PCT. The

_ licensee has drawn a similar conclusion and agreed to submit within

30 days, calculational results to confirm the validity of this
conclusion. (Reference 21).

The ECCS analyses have been performed with the upper head fluid

- temperature equal to the fluid outlet (hot leg) temperature and
* assuming 10 percent of steam generator tubes plugged. The analyses
included a spectrum of breaks which consisted of guillotine double
ended cold leg (DEGCL) breaks with discharge coefficients of 1.0,
0.6 and 0.4 and split breaks with break areas of 8.25, 4.9 and 3.30
ft2. No small break analysis was performed. The licensee has
demonstrated, by showing analogy between the present analysis and
the analyses performed previously for other plants, that the small
break LOCA is not 1imiting (Reference 2). The critical break size
was determined to,be DEGCL with Cp=0.4.

The staff has concluded that although the Westinghouse and Exxon
two-loop generic-evaluation models should be changed to consider upper
plenum injection (unless the plant is modified), analyses at the gpecific
_operating conditions applicable to the Ginna plant demonstrate that

the effect of disregarding upper plenum injection interaction on refill
and reflood conditions will not be significant (less than 20°F PCT).
Therefore, the staff believes that, for the limited range to which
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thé models are applied for conditions at the Ginna plant, the models do
not deviate from the requirements of 10 CFR 50 Appendix K item I.D.3,
and the calculations are acceptable. :

On March 23, 1978 Westinghouse informed the NRC that an error in the
West-ECCS evaluation model had been found which had resulted in
incorrectly calculated peak clad temperatures in a1l LOCA analyses
previously submitted by their customers. For several plants preliminary
estimates indicated that they would not meet the 2200°F 1imit of 10
CFR 50.46 at their present maximum overall peaking factor limits.
Westinghouse and several of their customers met with the NRC staff on
_ March 29, 1978 in Bethesda to discuss the error and its impact on -~
specific plant analyses. Subsequent to that meeting, Westinghouse
provided information through the Ticensees of operating reactors to
justify continued operation at the interim peaking factor Technical
Specification limits proposed by the NRC staff on April 3, 1978.

On April 17, 1978 (Reference 19) RG&E submitted a letter indicating

that continued operation at their present Technical Specification

Timit of 2.32 (total peaking factor) was justified on the basis of
additional generic Westinghouse analyses. Westinghouse had determined
that the impact of. correcting the error on the peak cladding temperature
for the RE Ginna plant was significant but within the presently

existing margin (228°F) to the 2200°F° acceptance criteria limit. The
NRC'Staff confirmed the conservatism of that and all other plant
evaluations and on April 18, 1978 published a Safety Evaluation Report
(Reference, attachment to Exemption), Since the Westinghouse and ENC

. fuels were analyzed using the respective Westinghouse and ENC evalua-
tion models, and since there is no zirconium-water error in the ENC
calculational model, the error in zirconium-water reaction in the
Westinghouse calculational model has no effect on the. Exxon calculations.
The Zirconium-water reaction error in the Westinghouse model is .the
subject of an exemption request by the 1licensee dated April .25, 1978,
(Reference 21) and a separate exemption action by NRC.

Technical Specification Changes

The proposed addition to the Technical Specifica?ions_restrigts the
permissable range of the target flux difference 1.e. the ratio of the
flux in the top half of the core minus the flux in the lower half of
of the core to the total flux measured at 100% power, equilibrium
conditions. The addition, Technical Specification 3.10.2.7, assures
that axial power distributions realized 'in the reactor will be no
more limiting with respect to 1linear heat generation rate thqn the
axial power distributions used by Exxon to analytically confirm
(Reference 18) that, limiting values of linear heat. generation Vs
core height, Technical Specification 3.10.2.2, will not be violated.

The restriction has been reviewed and approved on a‘genegig ba§is
and has recently been incorporated in the Tgchn1ca1 Specifications

of PWR's using Exxon Nuclear fuel. :

-
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The change to Technical Specification 3.10.1.4 and the addition of -
specification 3.10.1.6 are required to permit the physics testing
. program as discussed in part 3 of our evaluation.. The change and the
addition are in accordance with the Standard Technical Specifications P
for Westinghouse PWR's which we have already reviewed and approved.

~ The changes to the basis of the Technical Specification related to core

power distribution are in accordance with the Standard Technical Speci-
fication which we have approved and are therefore acceptable also.

Environmental Consideration

We have determined that the amendment does not authorize a change

in effluent types or total amounts nor an increase in power level and
will not result in any significant environmental impact. Having made
this determinatjon,.we have further concluded that the amendment involves
an action which is insignificant from the standpoint of environmental
impact, and pursuant to 10 CFR 351.5(d)(4), that an environmental impact
statement or negative declaration and environmental impact appraisal need
not be prepared in connection with the issuance of this amendment.

Conclusion

We have concluded, based on the considerations discussed above, that:

(1) there is reasonable assurance that the health and safety of the public
will not be endangered by operation in the proposed manner, and (2) such
‘activities will be conducted in compliance with the Commission's regulations
and the issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public.

Date: May 1, 1978
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Hatter )
ROCHESTER GAS AND ELECTRIC ) g Docket No. 50-244
CORPORATION )
(R. E. Ginna Muclear Power Plant g
‘ EXENPTION R
I.

The Rochester Gas and Electric Corporation (the licensee), is the holder
of Provisional Operating License Ho. DPR-18 which authorizes the operation
of the nuclear pouwer reactor known a§ R. E. Ginna Nuclear Power Plant
(thé facility) at steady reactor power levels not in excess of 1520
megawatts thermal (rated power). -The facility consists of a westingﬁouse
Elociric C;mpany designed pressurized reactor (PHR) locatad at the
licensee's site in wéyne County, MNew York.

17. .
In éccordanceﬂwfth the requirements bf the Commission's ECCé Acce;tencu-
Criteria 10 CFR 50.46, the licensee submitted on April 7, 1977 and
January 6, 1927& ECCS evaluations for proposed operaticn usina 14 x 14 '
fuel manufactured by the Westinchcuse Electric Comozny and the Exon *
Nuclear Comnany (EHC). These evaluztions established 1imiis on the
peaking facéor based upoﬁ ECC§ evaluation node]sudeye1op§d by the

Vestinghouse Electiric Company (Westinghouse), the desioner of the

Huclear Stears Sumply System for ihis facility, -&ng by Exxan, thz

| sunplier_of the relosd fuel. Tha Vestinghanse and BN LULE evaluanticg
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models had been previously found to conform to the requirements of the
Commission's ECCS Acceptance Criteria, 10 CFR Part 50.46 and Appendix K.
The evaluations indicated that with the peaking factor limited as set

forth in the evaluations and with other Timits set forth in the facility's

Technical Specifications, the ECCS cooling performance for the facility

would conform with the criteria contained in 10 CFR 50.46(b) which )

govern calculated peak clad temperature, maximum cladding oxidation,

maximum hydrogen generation, coolable geometry and long-term cooling.

On March 23, 1978 Westinghouse informed the Nuclear Regulatory Cosmissicn
(NRC) that an error had been discovered jn the fuel rod hezt balance
equation which resulted from the incorrect use of only half of the
volumetric heat generation due to metal-water reaction in calculating

the ciad&ing temoerature. Thus, the LOCA analyses pirzviocusly submit
to the Commission by licensees of Mestinghouse reactors were in error.’
The error identified would result in an increase in calculated peak clead
temperature, which, for somz plants, could resuit in calculated tempera:
tures in excess of 2200°F uniess the 2liowable pealing factor was reduced
somevhat. HWestinghouse identitied a number of other areas in the ap}roﬁed
model which VHestinghouse indicatecd contained sufficient conservatisa to
ofiset the calculated increase in beak clad temperature resulting from

the correction of the error notad absve. Four of these areas vere
gereric, applicable to all plants, and & number ¢f others éﬁre plant

specific. As outlined in the RRC Ste¥f's Safety Evaluaiion Report (SER)

of Anvil 16, 1973 (attached). the staff deteviined that sowz of these

8 ol WErrEm b st mw st : o
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: modifications would be appropriate to offset to some extent the penalty
resulting from correction of the error. Thé attached SER of April 18,
1978 sets forth the value for each modification applicable to each

facility.

As part of the proposed change to the technical specifications the
Ticensee has submitted information and analyses to permit Cycle 8
operation with reshuffled Westinghouse fuel and with 32 Westinghouse
fuel assemb]ies‘replaced with fresh fuel assemblies manufactured'by.the
Exxon Nuclear Company (ENC) and loaded on the periphery of the core.

i Based on an analysis of the informqtion presented by the licensee, the

‘ staff has conciuded that. the new fuel manufactured by Exxon Nuclear

| Company (ENC) is both similar to and compatible with the fuel previously

; supplied by Westinghouse. The ENC ca1cu1atioﬁs for the ENC fuel for
the Ginna Core are not affected by the Westinghouse error. (Safety
Evaluation for the reload application dated May 1, 1978). The staff's
evaluation determined that the impact of correcting the Wéstinghouse
Zirconium-water reaction error on the peak cladding temperature for
the RE Ginna plant is less than the presently existing margin (228°F)

=_to the 2200°F acceptance criferia Timit. The NRC Staff has confirmed .

that the impact of correcting the error in the Westinghouse ECCS

evaluation-model as it relates to the use of Westinghouse fuel is

conservative, based on the April 18, 1978 Safety Evaluation Report.
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Although revised computer calculations correcting the error, noted above,
and incorporating the modifications described in the Staff's April 18,

1978 SER have not been run for'each piant, the various parametric

PO begy ¥

studies that have been made for various aspects of the approved i
Westinghouse model over the course of time provide a reasonab]é basis
for concluding that when fina]rreviseh calculations for the facility
are submitted using the revised and corrected Westinghouse model, they
will demonstrate that operation will conform-to the criteria of 10 CFR

50.46(b), when operated at the peaking factors set forth in the SER of °

LR WP Y T

April 18; 1978. Such revised calculations fully conforming to 10 CFR

50.4¢ are to be provided .for the faci]ify as soon as possible.

sve . qwsa e

Operation of the facility would nevertheless be technically in non-

conformance with the requirements of §50.46,vin that specific computer

runs for the particular facility employing revised models with the
Westinghouse metal-water error corrected. and Qith the proposed model
changes considered, as a complete entity will not be complete for some
time. Howzver, operation as préposed in the Ticensee's application _
dated January 6, 1978, and at the peakiné factor 1imit specified in thié
Exemption will assure that the 'ECCS system will conform to the performance
criteria of 250.4€. 5ccordingly, whiie the actual colnputer runs for the
specific facilily are carried out t&lachievé full coﬁp]iance wiéh 10 CFR
§50:46, opzration of the fac%]ﬁty will not endangar 1ife or property or

. the common defense and security.






In the absence of any safety problem associated with operation of the
~fqgility during the period until the.computer computations -are completed,

there appears to be no public interest consider%tion favoring restrictijon

of the operation of the captioned facility. .According1y, the. Commission
| has determined that an exemption in accordance with 10 CFR §50.12 is’
apprgpriatg. The specific exemption is limited to thg period of time

necessary to complete computer calculations.

Iv.
Copieé of the §afety’Eva1uation Report dated Anril 18, 1978, and the
.following docuyents.qre available for inséection at the Commission's
* Public Document Room at 1717 H Street, Washington, D. C. 20555, and .
.at the Rochester Public Library, 115 South Avenruve, Rochester, New York
* 14627,
(1) Licensee subnittals dated April 7, 1977, January 6, 3978, and
April 25, 1978. . .
(2) Amendment lo. 19 to Licensé No.'DPR-la‘and the related Safety ;
Evaluation for the reload &pplication, anq

bl

(3) This .Exemption in the matter of RE Ginna Nuclear Power Plant.

ﬁherefore, in accordance with the Commission's requlations as set forth
in 10 CFR Part 50, the licensee is herehy grantzd an'éxéﬁption from the
reduirements'of 10 CFR §SO.46(a5(1) that ECCS performance he calculated
in accordance @itﬁ an accentable calculational rodel which conforms to

the provisions in Anpendix K, without errors discussed herein. This

exairnliom is conditioned as follows:
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(1) As soon as possible, the licensee shall submit a reevaluation of

ECCS cooling performance cé]cu]ated in accordance .with the

Hestiinghouse Evaluation Model, and approved by the NRC staff and

corrected for the errors described herein.

(2) Until further authorization by the Commission, the Technical
Specification limit for total nucléar peaking factor (FQ) for -the

facility shall be limited to 2.32.

FOR THE KUCLEAR REGULATORY CO4 ’153;0?

¥ctor S£<;;o, . ¥/ Director :
Division of Onerat1no Peactors
O0ffice of Nuclear Reactor Regulation

Attached:
Safety Evaluation Renort, .
dated Avril 18, 1972

Dated at Bethesda, Maryland
this 1st day of May, 1978
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April 18, 1978

Safety Evaluation Report

Error in Hestinghouse ECCS Evaluation Model

Introduction

Hestinghouse was informed on March 21, 1978 by one of their licensees
that an error had been discovered in their ECCS Evaluation Model.
This error was common to both the blowdown and heatup codes.
Westinghouse determined by analyses that the fuel rod heat balance
equation in the LOCTA IV & SATAN VI codes was in error and that the
LOCA analyses previously submitted by their customers were incorrect -
and predicted PCT's which were too low. Hestinghouse determined

that only half of the volumetric heat generation due to metal-water
reaction was used in calculating the cladding temperatures and that
an unreviewed safety question existed since preliminary estimates
indicated that some plants would not meet the 2200°F 1imit of

10 CFR 50.46 without a reduction in overall peaking factor limit.
Westinghouse notified their customers and NRC on March 23, 1978 while
the utilities notified NRC through the regional I&E Offices.

Promptly upon notification by Westinghouse, the staff assessed the
immediate safety significance of this information. The staff noted

certain points that indicated no immediate action was required to assure

safe operation of the plants. First, most plants operate at peaking -
factors significantly below the maximum peaking factor used for safety
calculations. By making safety computations at factors higher than

© actual operating levels, the facility has a wide range of flexibility,

without the need for hour to hour recomputations of core status. The
difference between the actual peaking factors and the maximum calculated
peaking factors, for most plants, would offset the penalty resulting

from the correction of the error. Second, for most reactors there are
plant-specific parameters which bear upon aspects of the ECCS performance
calculations. Utilities do not generally take credit for these plant-
specific parameters, preferring to provide a simpler computation which
conservatively disregards these. individually small credits. Third,

the error in the Westinghouse computations relates to the zirconium-water .
reaction heat source. .This is an aspect of Appendix K, which is generally
recognized to be very conservative. New experimental data indicate that
the methods -required by Appendix K appreciably over-estimate the heat
source. *Thus, while the error in fact entails a deviation from a specific

‘requirement of Appendix K, it does not entail a matter of immediate safety '

significance,
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Westinghouse cont]nued to evaTuate the impact of the error “on previous

plant specific LOCA analyses and performed scoping calculations,

sensitivity studies and some plant specific reanalyses. In addition,

Westinghouse investigated several modifications to the previously

approved methods which if approved by the NRC staff would offset some

of the immediate impact of the error on Techn1ca1 Specifications limits
and plant operating flexibility.

On March 29, 1978, Westinghouse and several of their customers met .with
members of the NRC staff in Bethesda. Westinghouse described in detail
the origin of the error, explained how it affected the LOCA analyses,
and how the error had been corrected and characterized its effect on
current plant specific analyses. In order to avoid reduction in
overall peaking factors (Fy), Westinghouse presented a description of
three proposed ECCS-LOCA evaluation model modifications which would
contribute a compensating reduction of PCT.. They were characterized as
follows:

1) Revised FLECHT 15'x 15 heat transfer correlation.

This new reflood heat transfer correlation which had been
recently developed and submitted by Westinghouse (Reference (1)
was proposed as a replacement for the currently. approved FLECHT
correlation, To determine the benefit, the proposed correlation
was 1ncorporated into the LOCTA IV heatup code and was found to
result in improved heat transfer dur1ng the. reflood portion

of the LOCA. .

. 2) Revised Zircaloy Emissivity.

Based on recent EPRI data (Reference 2), Westinghouse

proposed to modify the presently approved equation for
Zircaloy cladding emissivity to a constant value of 0.9.

The higher emissivity (previously below 0.8) provides
increased radiative heat transfer from the hot fuel pin during
the steam cooling period of reflood.

3) Post-CHF heat transfer.

Westinghouse proposed to. replace their present post-CHF
transition boiling heat transfer correlation with the
Dougall-Rohsenow film boiling correlation (Reference 3)

which they stated was included in Appendix K to 10 CFR Part 50
as an acceptable post-CHF correlation..







These three model modifications were classified as generic, applicable

to 211 plant analyses. Subsequently, as discussed below, these changes
were rejected by the staff as providing generic benefit. However, a
portion of the credit proposed by Westinghouse was approved by the staff

to certain specific plants, which had provided specific calculations with
the new 15 x 15 correlation. During the period March 29 to April 18, 1978,
Westinghouse provided the staff with additional sensitivity analyses and
plant specific analysis in which they evaluated the effects of some changes
to plant-specific inputs in the LOCA analyses. These were as-follows: .

1. Assumed Planf Power Level

A reduction of the plant power level assumed in the SATAN VI blowdown
analyses from 102% of the Engineered Safequards Design Rated Power
(ESDR) Tevel to 102% of rated power was proposed. Previously, analysés
had been performed at approximately 4.5% over the rated power. This
change was worth approximately 0.01 in Fq, and is referred .to as AFESDR
in Table 1. . .

2. COCO Code Input

A modification to the COCO code input (Reference 3} to more realis-
tically.model the painted containment walls was proposed. Since the
paint on containment walls provides additional resistance to heat loss
into the walls, the COCO code calculates an increase in containment
back pressure, which results in a benefit to the calculated peak .
cladding temperature of 0 to 40°F, during the reflooding transient.
The magnitude of the benefit is dependent on the type of plant and .
the heat transfer properties of the paint, and results in up to 0.03
benefit in Fy, and is referred to as AFcp in Table 1.

3. Initial Fuel Pellet Temperature

A.modification of the initial fuel pellet temperature from the design .
basis to the actual as-built pellet temperatures was proposed. In '
the present LOCA calculations, Westinghouse has assumed margins in.
the initial pellet temperature. The margin available in -plant-specific
ranges from 28°F to 55°F. Use of the actual pellet temperature rather
than the assumed value results in a reduction in pellet temperature

" . (stored energy) at the end of blowdown, as calculated by the SATAN
code, of approximately 1/3 of the initial pellet temperature margin.
Westinghouse has provided sensitivity analyses which indicate that
a 37°F reduction in fuel pellet temperature at end of blowdown is worth
approximately 0.1 in Fq. This is'referred to as &Fpy 1in Table 1.
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Accumulator Water Volume Consideration

Westinghouse has evaluated the effect on ECCS performance of reducing
the. accumulator water volume, and has determined that for those plants

for which the downcomer is refilled before the accumulators are emptied,. -

“there is a benefit in PCT. The sensitivity studies have indicated that
this benefit in FQ is plant-specific. This is referred to as &Fpcy in
Table 1.

Steam Generator Tube Plugging Consideration

LS

In previous analyses, Westinghouse has assumed values of steam generator
tube plugging which were greater than the actual plant-specific degree
of plugging. Sensitivity analyses submitted in Reference 4 were used
to evaluate the benefit available by realistica11yarepresenting the
plant-specific data. For the plants affected, the benefit in PCT
ranged from 7 to 66°F which was conservat1ve1y worth from 0.007 to

.066 Fq. This is referred to as aFgg in Table 1.

Safety Evaluation

The information provided by Westinghouse was separated into two

. categories; the generic evaluation model modifications and the
plant specific sensitivity studies and reanalyses. The NRC staff
reviewed the peaking factor Timits proposed by Westinghouse to verify
thelr conservat1sm

The metal-water reaction heat generation error in the Westinghouse

ECCS evaluation model was evaluated by the staff to determine an
appropriate interim penalty. Westinghouse'provided two preliminary
separate effects calculations which indicated that a maximum penalty

of from 0.14 to 0,17 was appropriate to compensate for the model

.error. As indicated in Reference 5, the staff conservatively rounded up
this penalty to 0.20.

As is noted above, Westinghouse had proposed several compensating
generic changes in their evaluation model to offset any necessary
reductions in peaking factor due to the error. These changes were
assessed by the staff and as noted in Reference 5.

1) No credit was given at this time, for the changes in the
post-CHF heat transfer correlation and new zircaloy em1ss1v1ty
data.. :

o sromesm
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. 2) Partial credit (70%) would be.given at this time for the use

’ of the new 15 x 15 FLECHT correlation only for plants which
had provided a specific calculation demonstrating that such
credit was appropriate.

Based on this review the staff developed recommended interim peaking
factor limits for all the operating plants and recommended that any
other plant specific interim factors (benefits) not related to the
generic review be considered separately. In addition, the staff reviewed
plant specific reanalyses for DC Cook, Units 1 & 2, Zion, Units 1 & 2,
and Turkey Point, Unit 3 which had corrected the error in metal water
reaction. In these analyses the Dougall-Rohsenow and zircaloy emissivity
credits were not considered, while the new 15 x 15 FLECHT correlation was
included. The staff concluded that these reanalyses could serve as a
basis for conservatively determining interim peaking factor limits for
these plants, -

For most of the operating plants the staff's generic review resulted in
a lower allowable peaking factor than Westinghouse had proposed. How-

_ever, in one case, Westinghouse had proposed more limiting peaking

factors in order to prevent clad temperatures at the rupture node from

-exceeding 2200°F, The staff concluded that it would be properly con-

servative to use the minimum of these values.

Based on plant specific sensitivity studies, performed by Westinghouse,
the licensees submitted requests for interim plant specific benefits.
The staff reviewed these sensitivity studies and recommended that
appropriate credits be accepted. The results of these analyses are
shown in Table 1. :

We informed each licensee by telephone on April 3, 1978, that he should
administratively reduce his peaking factor 1imit from the 1imit contained
in his Technical Specifications to the interim peaking factor limit
contained in the right hand column of Table 1. In those cases where

the 1imit in Table 1 is 2.32, this represents no change from the Technical
Specifications 1imit. The peaking factor limit of 2.32 is generically
supported and approved for Westinghouse regctors employing constant

axial offset control operating procedures.

For the reactor having an interim peaking factor limit of 2.31, we
requested no further justification of the limit. This is because the
generic analysis supporting the 1imit of 2.32 approaches the 1limit only
at beginning of the first cycle., Since the affected reactors have’
operated past this point, it is clear that the maximum attainable
peaking factor will be less than 2,32.. While this margin has not been
quantified, the staff is convinced it is substantially greater than

the 0.0V for which we ‘are requiring no additional justification from the
plants with an interim limit of 2.31.







For the reactors with an interim 1imit less than 2.31, we requested
that. the licensee furnish administratively imposed procedures to re-
place Technical Specifications either:

1. To provide a plant specific constant axial offset control
analysis of 18 cases of load following which would ensure that
the interim 1imit would not be exceeded in normal operation
of the power plant, or, at his option, if such analysis were

- unobtainable, inappropriate or insufficient,

2. To institute procedures for axial power distribution
monitoring of the interim 1imit using a system designed for
this purpose or manual procedures as indicated in Standard
Technical Spec1f1cat1ons 3/4 2.6 anod.ancillary Specifications.

He requested the licensees to provide indication that they have- adopted
the above interim LOCA analyses, interim peaking factor 1imits and admin-
istrative procedures by April 10, 1978, if their reactors were operating,
and by April 17, 1978, if the reactors were not operating..

Conclusion

We conclude that when final revised calculations for the facility are

* submitted using the revised and corrected model, they will demonstrate
that with the peaking factor set forth herein, operation will conform
to the criteria of 10 CFR 50.46(b). Such revised calculations fully
conforming to 10 CFR 50. 46(b).are to be provided for the facility as
soon as possible.

; _ As discussed herein, the peaking factor Timit specified in Table 1, in

combination with any necessary operating surveillance requirements, will
"~ assure that the ECCS will conform to the performance requirements of

10 CFR 50.46(b). Accordingly, limits on calculated peak clad temperature;
maximum cladding oxidation, maximum hydrogen generation, coolable geometry
and long term cooling prov1de reasonable assurance that the public health
and safety will not be endangered. )
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TABLE 1 gCT 590 aFy 18F1r0, Al"ﬂggnl Fper| Fse Fq,MIn[AFESOR afcp |AFpy| aFsg | aFacy | Fq LIMIT

fq Analysis F ..
Loo
. Pt, Beach ) 2025 [ 2.32 Jd8 |-,2 - 2.2812,32 2,28 o1 - - ,029 » 2,32
Pt, Beach 2 2025 | 2.32 6 [-.2 - 2,281 2,32 2.28 01 n " 066 " 2,32
1 Ginna ' 1972 {2.32 .26 {-.2 - 2.3212,32 2,32 - - " 053 - 2,32
Kewaunee 2172 1 2.25 03 [1-.2 .05 2,1312,25 2,13 0 .02 - - - 2.16 =
Prairie Island 1/2 2187 | 2.32 01 }-.2 %05 2.1812,26 2,18 .01 .02 - - 03 2,24(+)

J Loop . ; . .

North Anna 218 [ 2.32 02 [-.2 -

2.1412.32 { 2,14 | - - - - - 2.14
Beaver Valley 2041 12,32 JA5 {-.2 - 2.2112.32 | 2,2) { - - 036) - - 2.31
farley 1991 $2.32 24 (-2 - 2,3212.32 | 2.2 01 005) - - - 2.32
Survy 2177 11,85, 02 }-.2 .06 1.231.84 .73 | - .03 |.0251 .023 - 1.81
Survy 2 2177 11.85 02 }-.2 .06 1.73{1.84 1.23 | - .03 | .025} ,023 - 1.81
Turkey Pofnt 3 2019*11.90 .14 |0 ~.03 ]2.01]2.0% 2.01 - - - .020 - 2.03
Turkey Point 4 2195 { 2.05 00 }-.2 +05 1.90{1.9 1.90 | - - - 0 - 1.91
4 Loop )
Indian Point 2 2086 }2.32 JAT | -.2 - 2.2312.23 | 2.23 0 - - - - 2.24
Indian Point 3 2125 12.32 07 }-.2 .06 [2.2512.19 | 2.19 .01 - .03 - - 2.23
Trojan l975 2532 .26 -".2 - ’ 2.32 2.32 2.32 00‘ - 0037 - - 2.32
Salem 2135 12.32 06 {-.2 - 2.18)2.32 | 2.18 .0l - 024) - - 2.21
Zion 172 P89 4+ 2.07 - 1o -.03 }2.04 - 2.0 | - - - - - 2.04(+)
Cook | 2161411.90 03 10 -.03 1,90§1.98 § 1.90 | - - - - - 1.90
Cook 2 21904 2.10 01 |oO o “{2.1n - 2.1 jo 0 0 0 0 2N y
afy - Credit in Fy for PCT margin to 22000F 1imit.
aFypg, - Hetal Hater Reaction penalty on Fd.
& FrLecyy- Credit in FQ.for improvements to 15x15 FLECHT Correlation. ”
FpCT - Staff estimated Fy based on 2200°F PCT limit. . ’ ;
.Fsg - Nestinghouse proposed Fq based oa stofﬁd energ& sensitivity studies. . ‘ !
*Denotes reanalysis at Fy old value error corrected. : ’ 4 E

**Denotes reanalyses at Fy old value, error corrected, accumulator Vol. Change of 100 ft3, accumulator pressure of 650 psia

—— & 4 = ———— v—— . s mew se ‘;-—-——.-

(+) Tnese limits are applicable assuming licensee modifies accumulator conditions as appropriate. If not, Prairte :
[sland 1/2 Fge2.21, Zon 1/2 f=l.9° - .
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UNITED STATES NUCLEAR REGULATORY COMMISSION
DOCKET NO. 50-244
ROCHESTER GAS AND ELECTRIC CORPORATION

NOTICE OF ISSUANCE OF AMENDMENT TO PROVISIONAL
OPERATING LICENSE

The U. S. Nuclear Regulatory Commission (the Commission) has issued
Amendment No. 19 to Provisional Oberating Liceﬁse No. DPR-iB, jssued
to Rochester Gas and Electric Corporation (the licensee), which revised
the Technical Specifications for operation of the R. E. Ginna Plant
(facility) located in Wayne County, New York. The amendment is effective
las of its date of issuance.

The amendment changes the Appendix A Technical Specifications to
supbort operation in Cycle 8 with reload fuel by Exxon Nuc]ear.Company'
(ENC). This fuel has been designed by ENC to bg compatible with the fuel
" supplied previously by Westinghouse. In addition, the amendment allows
.Technical Specification cﬁanges that are required for startup tests.

The application for the amendment complies with the standards and’
}equirements of the Atomic .Energy Act 6f 1954, as amended‘(the Act), and
the Commission's rules and ré@u]ations. -The Commission has made appropriatex
findings as. required by the Act and the Commission's rules and regulations
in 10 CFR Chapter I, which are set forth in the license amendment.

Notice of proposed Issuance of Amendment to Facility Operating
License in connection with thi§;action was published in the FEDERAL
REGISTER on Febrgary 21,~1978 (43 FR 7275). No request for a hearing
or petition for leave to intervene was filed following notice of the

proposed action.







The Commission has determined that the issuance of this amendment‘
will not result in any s1gn1f1cant env1ronmenta1 impact and that pursuant
to 10 CFR 851.5(d)(4) an environmental impact statement or negative
declaration and environmentai impact appraisal need not be propared in
connection with issuance of this amendment.

For further details with respect to this aotion, see (1) the
Commission's Order for Modification of License dated August 27, i976,

(2) the application for amendment dated January 6, 1978, and supplements
thereto dated January 10, 19?8, March 2?, 1978, April 6, 1978, April 17,
1978, and April 25, 1978, (3) Amendment No. 19 to Liconse No. DPR-18,,
(4) the Commission's related Safety Evaluation, and (5) the Exemption
related to the requirements of 10 CFR 50.46(a)(1) aod theASafet&
Evaluation datod April 18, 1978, attached thereto. All of these?items
are available for puo1ic inspection at the Commission;s Public ﬁocument
Room, 1717 H Street, N. W.; ; Washington, D. C and at the Rochester Public
Library, 115 South Avenue, Rochestor,‘New York 14627.

A copy of items (1), (3), (4), and (5) may be obtained upon request
addoesseo to the U. S. Nuclea; Regulatory Commission Washington, D. C. -
20555, Attention' Director, D1vms1on of 0perat1ng Reactors ' '

Dated at Bethesda,. Mary]and ]st day of May, 1978.

FOR THE NUCLEAR' REGULATORY COMMISSION

(’I\\) Yo ’S AV

Dennis L. Ziemann} Chief
Operating Reactors Branch #2
Division of Operating Reactors
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April 26, 1978

Edward Luton, Esq., Chairman Dr. Franklin C. Daiber
Atomic Safety and Licensing Board College of Marine Studies
U.S. Nuclear Regulatory Commission University of Delaware
Washington, D.C. 20555 Newark, Delaware 19711

EIiTEIBUTION Dr. Emmeth A. Luebke

Re.c en Atomic Safety and Licensing Board

Be1s U.S. Nuclear Regulatory Commission

renner Washington, D.C. 20555

Shapar/Engelhardt/Grossman
Reg Central: LPDR

$°&m§;a§;1e (2) In the Matter of
A.Sah encer Rochester Gas & Electric Corporation
-ehEne (R. E. Ginna Nuclear Power Plant, Unit No. 1)

Docket No. 50-244

Gentlemen:

Enclosed for the information of the Licensing Board s an NRC Staff =
memorandum which discusses certain information concerning behavior of
jodine during postulated steam generator tube rupture accidents.

1

Sincerely,

Edward G. Ketchen
Counse1 for NRC Staff

Enclosure ‘
Memorandum fm R. H. Vollmer to D. B Vassa110

dtd February 22, 1978

cc:  (w/enclosure) ‘
Leonard M. Trosten, Esq. ,
) , Mr. Michael Slade
N Rochester Committee for Scientific
F Information
Jeffrey Cohen, Esq.
Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing
Board Panel
Atomic Safety and Licensing
Appeal Board
Docketing and Service Section

NELD

v orFICE> EVA‘}'hkAH /r“n g

NGV

BURNAME 3>~ ERe1S //’

4/ /718 [ N\

DATED>>

NRC FORM 318 (9-76) NRCM 0240 9% U. 8. GOVERNMENT PRINTING OFFICE: 1976 = 626-624
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HOTE TO: Domenic 3. Vassallo, Assistant Director for Light Water
: Reactors, DPi1, . ‘

"FROM:  'Richard Il. Yollmer, Assistant Director for Site Analysis, DSE
SUBJECT: CONSULTAIT REPORT REGARDING*NON-CONSERVATISM I STAFF‘MODEL: |

As a result of a technical assistance contract with a staft consultant,
a technical report ([UREG-0409) on "Iodine Behavior in a PWR Cooling
System Following 2 Fostulated Steam Generator Tube Rupture Accident,"
by A. K. Postma and P. S. Tam, was published in January 1978.

The report is a theoretical study of the iodine behavior in the primary
and secondary coolant systems of a PR following a postulated steam
generator tube rupture. The report concludes that, as a result of such
.a rupture, primary coolant water containing iodine would be atomized by
hydradynamic forces as it flashed through the leak path into the steam
system. The removal of jodine by the secondary water was predicted to
be highly dependent upon the primary-to-secondary pressure difference
and upon-the vater depth. Calculations made in the report, and wnich
. the report emphasized were dosigned to yield conservative predictions,
indicated that in the early part of the accident less than 50% of the
jodine might lLe removed by the secondary water, whereas in the. later

: phases of the accident, about 95% of the jodine would be rermoved.

. Although the renort attempted to assess the iodine removal by steam
separators it did not examine possible jodine removal due to the prox-
imity of neightoring tubes and other submerged structures. in the steam
generator. .

" .. The present staff model, as outlined in Stardard Review Plan 15.6.3,
assumes that a constant valuc of 20% of the icdine transferred to the
-secondary water is removed and retained in it. Therefore, KUREG-0409

" implies that the present staff-rodel may be non-conservative in the
early phases of the accident, but may be overly conservative in the
Tater phases. - .

The overall degree of conservatism or non-conservatism of the stafi's
present model cannot easily te assessed without a much more detailed
examination. However, some perspective regarding the implications may







Domenic B. Vass¥®o . .- 2 - ‘ FEB 221873

be gained by observing that the present staff model predicts the radio-
logical consequences of a steam aenerator tube rupture coincident with
a large iodine spike to be about 75 rem to the thyroid for a typical

" PUR at a site with poor (X/Q =1 x 10-3 sec/m3) meteorology. We can

conclude from this that even if the staff's model was less conservative
throughout the accident by as much as & factor of four, that our con-
clusions regarding the acceptability of this event would not Tlikely
change. )

The staff is current]y taking action in this matter in two ways. First,
the staff is propar1nq and evaluat1ng a more detailed model to be incor-
porated in its revisad Standard Review Plan in this area which will allow
for a time-dependent iodine retention fraction in the.secondary water.

* Second, the sgaff is planning to nave experiments performed, as suggested

by NUREG-0405, that will conF1rm or retute the values 1nd1cated by the
report.

Ye believe, in view of the possibility of a non-conservative staff model
in this regard, that the licensing boards currently in progress for-all
PWR plants should be du]y informad.

///ﬁé;%Z72//r€Cé¢ o
I — -
Richard 'H. Voiimer, Assistant Director

« for Site Analysis
Division of Site Safety and
Environmental Analysis

»
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April 26, 1978

Edward Luton, Esq., Chairman Dr. Franklin C. Daiber
Atomic Safety and Licensing Board College of Marine Studies
U.S. Nuclear Regulatory Commission University of Delaware
Washington, D.C. 20555 . . Newark, Delaware 197}1

DISTRIBUTION - '

Reis Atomic S?fety and}Licensing Board

Sh Enaelhardt/G U.S. Nuclear Regulatory Commission

Reg”g‘;{,tﬂgs* hardt/Grassman ehington, D.C. 20555

Formal File (2) )

L.Brenner b

T.Wambach. . In the Matter of

A.Schwencer ‘ Rochester Gas & Electric Corporation

(R E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244

Gentlemen:

During the course of the NRC Staff's continu1ng studies of ECCS
performance characteristics for pressurized water reactors, the
Staff has identified certain aspects of accumulator delivery which
should be considered further. This matter is discussed in the
enclosure to this letter (and in the NRC Staff memorandum attached
to the enclosure).

For VEasons outlined in the enclosure, the Staff does not believe
that this matter has an adverse effect on this proceeding.

Sincerely,

Edward G. Ketchen
Counsel for NRC Staff

- Enclosure
"Accumulator Delivery," and attached memo fm
D. F. Ross, Jr., to U.S. Standard Problem Participants

cc:  (w/enci@suye) Warren B. Rosenbaum, Esq.
Leonard M. Trosten, Esq. Atomic Safety and Licensing
Mr. Michael Slade Board Panel
Roch€ster Committee for Scientific  Atomic Safety and Licensing
Information Appeal Board

Jeffrey Cohen, Esq. Docketing and Sepyjce Section

| orriced»> nFLD’é ’L 4
""" EKeteheti/dke

sunnamed» | EReis ({lﬂ;ﬁ‘

’ DATED> 4/%—/ 78 .

Form AEC.318 (Rev. 9-53) AECM 0240 N ¥Y¥ U. 3. GOVERNMENT PRINTING OFFICE! 1074.526.100
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NEMORAHDUM TO: U.S. Standard Problem Participants ’
FROM: Denwood F. Ross, dr., Assistant Director for Reactor Safety, DSS

SUBJECT: ACCUMULATOR DELIVERY COMPARISONS

PELAP-4 comparisons of LCFT tests L1-3A and L1-4 (U.S. Standard Problem 47)
have highlighted certain aspects of accumulator delivery which should be
considered in the standard problem program. The RELAP-4 program through’
version 2 of MON-6 used an isothermal gas expansion nocel for nitrocen in
the accumulators. Post test analysis of L1-3A by INEL inrdicated that the
actual qas expansion is Somewhare between iscthermal and isentropic ( 1.2).
L1-4 RELAM analysis used an intermediate value for and after correcting
loss ‘coefficients was ahle to match pressure and delivery driving the early -

. .-portion of accumulator delivery. After 35 seconds of injection the data
shows flow spikes whick are not predicted by RFLAP. It.has been suagested
that thlis is related to nitrogen in the detivery lines and may cause ..
exhaustion of the accumulators sooner than predicted. wr

We bnalieve that accumulator delivery hehavior can have an important effect

an FCCS performance. The 1).S. Standard Froblem suqgested 1ist of cowparisons
includes accumulator delivery. In the past this information has not been
provided by all participants. Please provide pressure and flow comparisons
for all past and future standard problems where applicable. For L1-4 discuss :
the comparisons, including the following:

a.) Gas expansion model
b.) MHeat transfer
c.) !Loss coefficients

" d.) Hitrogen ingestion

fe.) LOFT typicality compared to large scale accumulator dat@

-
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U.S. Standard Problem
Participants

..EB 03 1978

"ee 2-

Participants having aporoved licensing models are requested to provide
any odditional comparisons to experiment or other {nformation pertinent
to assessing the validity of their accumulator delivery models.

Z.
L.
M.
N.

.
TAAIL A SIS S A gy e

- Vo e,
bcc: lﬁ. Ross

Rosztoczy
Phillips
McCoy
Lauben

Sincerely, .
OrIgInaT sTgnos 07

Denwodd B TRBEE3 Jr. - Assistant Director
for Reacior Safety ‘

Division of Systems Safety
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1.

2.

4.

Concern:

Safety Significance:

Evaluation:

Interim Accounting:

, ACCUMULATOR P'ELIVERY

Actual accumulators may deliver ECCS water to the reactor
coolant system faster than is predicted by some computer
programs used to predict ECCS performance. This could

mean that sufficient accumulator water would not be available
at the time it is needed. Attention was focused on this
problem when comparisons of accumulator delivery calculations
viere made hetween RELAP4 (NRC) and SATAN VI (Westinghouse) as -
part of the Upper Head Injection (UHI) review. Comparisons

to the LOFT experimental data indicated that the Westinghouse
model might be underpredicting acqumulator delivery flow
vater. The key factors influencing-delivery rates are the

gas expansion model and the effective delivery 1ine resistance.

There is no specific reference to our current
licensing position. Each reactor vendor proposed

a different model in 1974 for compliance with Appendix
‘K. These models are described in the appropriate
topical reports. Ye did not consider this an issue
at that time so implicitly accepted each model for
accumulator delivery. We do not believe that this
issue poses a significant safety problem and can
ultimately be handled within the scope of present
ECCS design capability. An example of the influence
that the gas model can make on integrated accumulator
"delivery is shown on Figure 2 enclosed. Test

data are from full-scale accumulator discharge.

lle are asking our consultants (Sandia Laboratories) to continue
their analytical evaluation of this issue. We have requested
Hestinghouse to provide comparisons of their model with
prototypic accumuiator delivery data for UHI plants. As

part of the Standard Problem Program we have requested all
participants to provide analytic comparisons to available

data (see memo Ross to St§ndard Problem Participants, enclosed).

It is conceivable that after our review of this issue is
complete, changes in some vendor models for some plants may
be required. The effect of these changes on calculated
ECCS performance is not 1ikely to be large for any plant
excapt UHI plants. - In any case, simple adjustments in
accumulator water volume could iwost likely compensate for
any model change. This issue should be completely resolved
hy August of this year.

It is recommended that no change is required until °
our evaluation is complete. Since we have notified

reactor vendors by mail o the need to do

additional calculations, we should consider informing
sitting boards in the post-SER space.
to all such PURs.

It is applicable







——

Edward Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regu]atory Commission

February 10, 1978
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Dr. Franklin C. Daiber
College of Marine Studies
University of Delaware

Washington, D. C. 20555 Newark, Delaware 19711
DISTRIBUTION -
Mitchell Dr. Emmeth A. Luebke
Ketchen Atomic Safety and Licensing Board
Reis U.S. Nuclear Regulatory Commission

Washington, D. C. 20555

Shapar/Engelhardt/Grossman
Formal File (2) :

Reg Central: LPDR (2)
T.Wambach In the Matter of
A.Schwencer Rochester Gas & Electric Corporatjon ,
(R. E. Ginna Nuclear Power Plant, Unit No. 1) .
Docket No. 50-244 -
Gentlemen: .

Attached for your information is a copy of a memorandum dated February 3,

1978 from the Executive Director of Operations to the Commissioners which

discusses, at page 6, the status of eight "terminal blocks" in use at

the Ginna facility. Also attached for your information are the two

earlier memorandums (dated January 13 and 27, 1978) to the Commissioners
) referenced in the February 3, 1978 memorandum.

Sincerely,

Auburn L. Mitchell
Counsel for NRC Staff

Attachments ’ f
/
cc: (w/attachments) ‘
Leonard M. Trosten, Esq.
Mr. Michael Slade
Rachester Committee for
Scientific Information
Jeffrey Cohen, Esq.
HWarren B. Rosenbaum, Esq.
Atomic Safety and Licensing Board -
AtomicdSafety and Licensing Appeal
Board
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February 3, 1978

| MEMORANDUM FOR: Chairman Hendrie

i y Commissioner Gilinsky
o ) Commissioner Kennedy .
Commissioner Bradford

! FROM:. ] Edson G. Case, Acting Director .
: Office of Nuclear Reactor Regulation " ' . :

THRU: Executive Director for 0perations7ZSng3 ,

| i

SUBJECT: UNION OF CONCERNED SCIENTISTS' PETITION

This memorandum supplements the staff reports of January 13, 1978 . ' ,
and January 27, 1978 with regard to: .

1) the results of the environmental qualificdtion tests performed
v for electrical connections used in the Boston Edison Co. Pilgrim
. Station, and ’

2) the use of unprotected electrical terminal blocks at Connecti- ‘
cut Yankee Power Company's Haddam Neck nuclear power plant,. .
the results of a preliminary telephone survey of all operating
plants concerning the use of unprotected terminal blocks, and
- v , a summary of subsequent actions. ’

.t . Pilgrim 1

On January 13, 1978, the staff reported that: 1) Pilgrim Unit 1
shutdown on January 9, 1978 as a reésult of unsatisfactory results
from preliminary environmental screening tests performed on a
- typical electrical connector assembly; 2) the licensee planned to
conduct LOCA-type environmental -qualification tests at the Wyle
Laboratories on samples of existing connectors and potential mod- .
ifications to the connectors; and 3) the staff would follow the
licensee's program to ensure acceptable qualification of the
- electrical connections prior to the return to power operation.

- s .

The staff met with the Ticensee on February 1, 1978 to discuss
the results of the program and plans for modifications prior to
return to power operation. The licensee had informed the staff
of its intention to replace electrical connectors with fully
qualified splices similar to those used at D. C. Cook.







The Commission -2 February 2, 1978 -

During this meeting, the staff and Boston-Edison's (BECO)
representatives reviewed the tests carried out at Wyle
Laboratories to qualify the use of previously qualified
Raychem splices-with the electrical cable used at Pilgrim
Unit 1. The splices successfully passed the test without
discernable degradation of insulation resistance or degrada-
tion of capability to maintain electrical load. The staff
has reviewed BECO's test procedure, test data and test
results and inspected the actual test samples. We have con-
cluded that the Raychem splices have been acceptably qualified
for use with Pilgrim Unit 1 cables. The tests were witnessed
at Wyle Laboratory by the Office of Inspection and Enforce-
ment. These tests taken together with other environmental
qualification testing of Raychem splices have qualified

these splices to withstand radiation, temperature, pressure,
and steam conditions for an accident environment at Pilgrim
1. The licensee has replaced all safety-related electrical
connectors with Raychem splices and plans to return Pilgrim
Unit 1 to operation on about February 5, 1978.

Unbrotected Electrical Terminal Blocks .

The staff report of January 27, 1978 advised that 1) the licen-
see for the Haddam Neck nuclear power plant had voluntarily
shutdown the plant that day to replace the Marathon terminal
blocks with Westinghouse terminal blocks, 2) the staff would
review the complete qualification data on these terminal blocks
before the plant was returned to power and 3) the staff would
address the generic implications of the failure of unprotected
Marathon terminal blocks by completing a telephone survey of
all operating plants by January 31, 1978 and issuing an I&E
bulletin on January 30, 1978 to require follow-up written re-
sponses to the telephone survey and documentation of environ-
mental qualification if unprotected terminal blocks are used.
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‘A. Haddam Neck

P R S Y

N On January 27, 1978, the staff requested that the licensee for

oot the Haddam Neck nuc]ear power plant meet with the staff to discuss
jts decision to replace terminal blocks. The meeting was held on
Sunday, January 29, 1978. During this meeting, the licensee present-
ed information based upon both testing and analysis which demon-
strate that the new Westinghouse terminal block would perform as
intended during accident conditions. The qualification of the .
Westinghouse block included the effects of temperature, pressure, .
humidity, radiation, chemical spray and seismic conditions. -

Prior to the meeting with the staff, the licensee had consid-

ered documentation supporting the plant design change (i.e.,

replacement of the Marathon terminal blocks with Westinghouse

terminal blocks) that only addressed the LOCA environment.

However, analysis and data were available to show that the

Westinghouse terminal block would also function under the ef- -
fects of both steam line breaks and spray from other piping .
breaks. } ‘

Following the January 29 meeting with the staff, the Connect-
icut Yankee Nuclear Review Board and the Plant Operations Review
Committee met to specifically address the environmental qual-
ification under both steam line break and spray environments for
the Westinghouse terminal board. The review was completed
by 2:15 am Monday, January 30, 1978 and the plant was returned to
power operation. On February 3, 1978, the staff received doc-
mentation supporting the evaluation for Haddam Neck plant which
: -0 resulted in a decision to replace the Marathon terminal blocks
: "with Westinghouse terminal blocks. (Some proprietary Westing-
house information in the possession of the licensee will be
. delivered to the staff during the week of February 6, 1978,
i ) ‘ following approval of Westinghouse to release the data.) The
4 - staff has conducted a preliminary review of the supporting
i - documentation which includes the technical review of the Haddam
Neck plant change request No. 270 and the documentation regard-
ing the qualification of the replacement Westinghouse terminal
blocks. Based upon this review, the January 29, 1978 meeting
with the licensee, and on the Franklin Institute tests that
were witnessed by the MRC staff we believe that the licensee's
decision to resume operation of the Haddam Neck plant was
appropriate.
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B.

The licensee also used four General Electric terminal blocks,
contained in vented boxes, to replace the four original electrical

. connectors. These were also considered in the meeting with the

staff on January 29. As a follow-up to its letter of January 13,
1978, the licensee committed to provide data on the qualification

of the General Electric terminal blocks as soon as possible, but not
later than 60 days from January 30, 1978, or to replace the General
Electric terminal blocks with a continuous run of qualified cable
(thus eliminating the four connectors in question) within the same
60 days. As a result of the satisfactory screening test at Franklin
Institute on January 26 (which was observed by NRC personnel as
indicated in our January 27 report), the licensee concluded, and we. .
have agreed, that 60 days was a reasonable period of time to complete
documemtation of the environmental qualification of either the GE term-
inal blocks or the new cable and to present the data to the NRC.

Generic Implications of Unprotected Terminal Blocks

The staff has completed a preliminary telephone survey of
all operating plants on the use and qualification of
unprotected terminal blocks inside containment in safety-
related systems. In response to our telephone survey,
three additional licensees indicated the use of unprotected
terminal blocks in safety-related systems inside contain-
ment and were required to attend meetings with the staff

on February 1, 1978. These licensees are the Yankee Atomic
Electric Company (Yankee Rowe facility),Sacramento Munici-
pal Utility District (Rancho Seco facility),and Rochester
Gas & Electric Corporation (Ginna facility). The follow-
ing discussion summarizes the results of these meetings.

Rancho Seco

The 1icensee had stated on January 30, 1978, in response
to our telephone survey, that it had unprotected terminal
blocks in safety-related circuits inside containment.

In the meeting with the staff on February 1, 1978, the
licensee corrected this information and stated that a
more accurate characterization of terminal blocks inside

T eut oy @ cmman - -~ § M At B4 € SRS 4GS G Sm— S et € ¢ B 8
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A .

¥

containment is as follows:

a. There are no unprotected terminal blocks in use in
safety systems at the Rancho Seco facility.

b. There are terminal b]ocks-in use which'generaliy
fall in two categories: .

(1)

(2)

Terminal blocks that are used with various pieces
of safety-related electrical equipment, for
example, motor operated valves. These term-

inal blocks are enclosed and have been qual-
ified as part of the electrical equipment
qualification test program. The licensee
considers these terminal blocks to be quali-

fied for their service environments.

Terminal blocks that are in use with containment
penetrations. The conductors from the
containment penetrations are terminated at
terminal blocks from which connecting con-
ductors go to various locations in the
containment. These terminal blocks, however,
are not exposed. They are enclosed in metal
containers physically attached to the contain-
ment penetrations. .

Although these enclosed terminal blocks on the pene-
trations were outside the scope of the telephone
survey, the licensee could not, in the course of our
discussions on February 1, readily demonstrate that
the metal enclosures and the terminal blocks were
fully qualified. Therefore, the licensee was re-
quested to assembie available information on the en-.
closed connections at the penetrations, to evaluate
the degree to which they assure safety, and, if
necessary, to propose solutions for correcting any
deficiencies in the area of environmental.qualif-
jcations. A meeting has been scheduled for Febru-

ary 8, 1978 to discuss this information with the

licensee.
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Ginna

The Ticensee stated during the meeting on February 1, 1978
that a total of eight terminal blocks are used in instru-
mentation circuits that are required to operate in the event
an accident. These terminal blocks were mounted in vented
cabinets, but the doors had been removed for ease of main-
tenance. Corrective measures have been developed and eval-
uated by both the on-site and the off-site plant safety
review committees. The corrective measures evaluated were
to replace the existing terminal blocks with the same kind
of Westinghouse terminal blocks used and qualified-by Con-
necticut Yankee and to reinstall the cab1net doors during
the current plant outage.

The 1icensee described the bases for the safety review com-
mittees' evaluation and conclusions regarding the environ-
mental qualification information. This information included
test data and analysis for the Westinghouse terminal block
which demonstrated that the terminal block would perform as
intended during accident conditions, including the main
steam line break accident. The qualification of this term-
inal block included the effects of temperature, pressure,
steam, radiation and chemical spray. The licensee also
considered submergence of the terminal blocks. An analysis
showed that the water level in containment would not reach
these blocks until after the instrumentation had completed
its safety function. Other instrumentation is available
for long-term post accident monitoring that is installed
independent of these terminal blocks. After completion of
these modifications, start-up of the plant and return to
power operation occurred on the evening of February 1, 1978.

Yankee Rowe
The Ticensee provided 1nfonnat1on on the corrective measures

taken to resolve the unprotected terminal block problem
during the current plant outage.

The licensee established that there are a total of 76 safety-
related terminal blocks inside the Yankee-Rowe containment.
About 6 terminal blocks are installed in the location of the
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reactor coolant loops between the primary shield and the
biological shield. These terminal blocks are enclosed in boxes
and thus are not directly exposed to the containment atmosphere.
The balance of the terminal blocks are outside the biologic-

al shield. About 17 are at the biological shield wall in
enclosures and the remainder are enclosed in boxes at the
containment penetration areas. The covers on the boxes at

the penetration areas were, prior to the current outage, not
installed. The licensee has stated that these covers will

be in place prior to return to power.

New Westinghouse terminal blocks that passed CY's screening
test were obtained, and the licensee replaced all safety-
related terminal blocks inside containment prior to return-
ing the plant to power. The terminal block replacement was
reviewed and approved by the plant on-site and off-site
safety review committees.

The licensee presented information at the February 1 meet-
ing with the staff on its plant specific evaluation to X
demonstrate that the new Westinghouse terminal blocks would
perform their intended safety functions during accident
conditions. For environmental qualification of these new
terminal blocks, the licensee based its evaluation, in part,
on the records developed by CY. The licensee demonstrated
that the screening tests performed by CY envelope the
calculated Yankee-Rowe LOCA environment. Further, the
Ticensee determined that because of the high

elevation where the terminal blocks are installed, there

is no flooding potential. The licensee has considered

the potential for radiation damage to the terminal block

in the exposed location, and found that there is an accept-
able margin for the new terminal blocks as established by
Westinghouse (based on resistance characteristics).




"
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The licensee also described considerations of the potential
. adverse affect of a steam 1ine break on the new terminal
. blocks. The terminal block enclosures at the

penetration locations are in the general vicinity of

two of the four main steam lines. The licensee stated

| that replacing the 1/4 inch thick steel cover plates on

| these enclosures eliminates direct steam jet impingement

| on the terminal blocks and that the enclosures have bottom
holes to allow for drainage of condensation.

With regard to the concern of superheated steam potential-

1y causing a more severe temperature transient than pre-

viously concerned, the licensee indicated that preliminary

calculations have shown that the temperatures of the enclo-

sures would exceed 275°F, but only for a short duration.

The 1icensee indicated that this temperature exposure would
. be less severe than the demonstrated capability of the new
i blocks to withstand a temperature of .340°F for 5 hours with- °
out loss of function. Documentation of the evaluation of
all relevant safety considerations and the conclusions of
the appropriate review committees were to be completed by
the 1icensee prior to resumption of Yankee-Rowe operation
on February 2, 1978.
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SUMMARY REGARDING UNPROTECTED TERMINAL BLOCKS

The staff indicated in its January 27, 1978 report that an I&E

bulietin would be issued on January 30, 1978 requiring follow- .
up documentation of whether such unprotected terminal blocks

are in use, and if so, their environmental qualifications. A copy
of IE Bulletin No. 78-02, Terminal Block Qualification, is enclosed.
The responses to this bulletin will be reviewed and evaluated by
the staff and appropriate action will be taken as necessary.

For those plants with unprotected terminal blocks, documentation

of environmental qualification is required. The staff will report
to the Commission the results of this evaluation and any further
actions that may be required.

: Edson G. Case, Acting Director
y Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: Secretary
Public Document Room
Union of Concerned Scientists







VEMORANDUM FOR: B. K.

FROM:

SUBJECT:

The_subject 8ulletin shoulid - bhe
1373, to all gouer reacsor facilities

January 30, 1973

Grior, Director. Reainn I
0'Reilly, Diractor, Xegion 11
J. €. Rzonler, Cirector, negion 111
E. M. YHoward, Director. ¥eafon IV

R. H. Engelken, Directer, Zegion V

J. P.

Harold 0. Thorsburg, Dirsctor, Division of Reactor
Operaticns Inspoction, IE

o

IE BULLETIN HQ. 75-C2 - TERMINAL BLOCX QUALIFICATIGH

dispatched for acticn on January 30,
wilh an operating license or a

construction permit,

'

" The text of %he Bulletin and araft Jetter to licansess are cnclosed

for this purpose.

»

Harold D. Thornbure. Director
Division o7 nzactor Qgerations
Inspection
- OFfice of Inspaction and
EnTorcenant

-fﬁc]asqres:
1. Draft Transmittal Letter
. 2. IE Builetin 73-g2
CONTACT: V. D. Thomas, IE
489-23139
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(Draft Tetter to all -power reactor facilities with operating license

or construction permit)

IE Bulletin .No. 78-02

_Gentlemen:

Enclosed is IE Bulletin No. 78-02 which requires action by you with’

regard to your power reactor facility(ies) with an operating license

or 2 construction permit.

Should you have questions regarding this Bulletin or the actions.
required of you, please contact thié office.
Sincerely,

Signature
(Regional Director)

Enclosures: ‘

1. 1E Bulletin No. 78-02

2. List of IE Bulletins
Issued in 1978

[Sap Nl 4
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" temperature then remained constant at 275

.terminals failed the test.
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UNITED STATES
. NUCLEAR REGULATION COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
- WASHINGTON, D.C. 20555 <

January 30, 1978
IE Bulletin No. 78-02

TERMINAL BLOCK QUALIFICATION

Description of Circumstances:

On January 18, 1978, Connecticut Yankee Atomic Company perfbrmgd a
screening test intended to verify previous analyses of the env1§onmenta1
qualifications of unprotected terminal blocks used inside containment.
The test was performed at the Franklin Institute Research Laboratories,

Philadelphia, Pennsylvania.

The test specimen was a Marathon M-6012 terminal block. It was exposed
to a steam environment which was designed to envelope the calculated
LOCA environmental conditions in the Haddam Neck containment. The
pressure selécted for the test was 40 psig for a period of 24 hours.

m an initial temperature
heit within ten seconds,
nrenheit for four

The temperature profile consisted of a rise fro
of 100 degrees Fahrenheit to 275 degrees Fahren
followed by a steady state operation at 275 degrees Fa
hours. This was followed by a drop of temperature to 140 degrees
Fahrenheit within one hour, followad by a repetition of the initial
temperature rise to 275 degrees Fanrenheit (within ten seconds). The
degrees Fahrenheit for the

remaining 19 hours of the test period.

During the initial screening test, 525 volts, single phase, 60 Hertz,
ac voltage was applied to two pairs of terminals on the test’ specimen.
Inability of the terminals to hold the voltage was defingd.bgfore the
test as an appropriate failure criterion. The test was initiated on
January 19, 1978. ' The terminal block functioned as intenqed during
the first 5 hours of the test at which time one of the pairs of

«

The cause of failure is still under investigation. The failure occurred

during an operator error resulting in a pressure and temperature
excursion-which is outside the envelope of the intended test. Because

of this, the licensee reran the test.

.,(. .':l: ’ « 1 -Of 3
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‘The_second screening test was initiated on January 25, 1978. This test

included "three test specimens: - (1) an unprotected Marathon terminal
block identical to the one used in the first test; (2) an unprotected
Westinghouse terminal block; and (3) a GE terminal block enclosed in a

"NEMA type 12 box identical to the ones in use in the Haddam Neck plant.

The test specimens were exposed to an environment having temperature
and pressure profiles essentially the same as those of the first test,
minus the inadvertant overpressure transient. A7l the test specimens
successfully operated through the two temparature rise grof1les in the
test sequence. However, after 21 hours in the test envxfonment, the.
lower pair of terminals of the unprotected Marathon terminal block
failed. The failed terminal points were disconnected.and the test
was completed. No further fajlures occurred. The failure mechanism
of the terminal blocks during the first and second tests appears to
be similar, i.e., the terminal pair that failed in each of the tests
was the lower pair on the terminal block. Detajled analysis are in

Progress to identify the exact cause of failure. ’
Actions. to be Taken by Licensees and Permit Holders:

For all power reactor facilities with an operating license or a
construction permit:

(1) Determine whether or not unprotected terminal blocks as used in .
your facility in systems which must function in the post-acciden

- environment;

(2) If such terminal blocks are used, identify the systems involved
and provide the documentation which demonstrates that these
terminal blocks have been environmentally qualified; and

(3) If documentation is not available, provide jour plans and
~ schedule for achieving full qualification of affected circuits.

For holders of operating licenses, -your response to this‘bu31§tin
1s required.to be in this office within 14 calendar days of the

date of is§ue of this bulletin.

For holders .of construction permiis, your response to this bu1}etin.s
is required to be mailed within 30 calendar days of the date o

issue of this bulletin.
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Copies of your response are to be provided in the same time
frame directly to the Director, Office of Nuclear Reactor .
Regulation, and to the Director of Reactor Operations Inspection,
U.S. Nuclear Regulatory Commission, Washington, D.C. 20555.

Approved by GAO, B180225 (RO072); clearance expires 7-31-80. Approval

was given under a blanket clearance specifically for identified generic
problems. . .

-3 of 3
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LISTING OF IE BULLETINS --_

IE Bulletin No. 78-02
January 30, 1978

ISSUED IN 1978

Subject

Flammable Contact -

- Arm Retainers in G.E.

CR120A Relays

Date .Issued

1/16/78

. Facilities.with an

Issued To

A1l Power Reactors

Operating License
(OL) or Construc-
tion Permit (CP)

Enclosure 2
1of 2
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- MEMORANDUM FOR: Cnairman Hendrie
Lormissioner Gilinsky
Cormissioner Kennedy
Commissioner Sradford

Filliic Fdson 8. Case, Acting Sirector

Pf‘1ce of l~u(:h'aar Reactor Requlation

\-r.-~ W Ty o
TURil: .A xecu*ive Dirnctur fer Onerations
SUBJECT: “UHIGN OF COMCSIMED SCIEMTISTS' PETITION

In its ranort, dated Decembar 15, 1377 the staff indicated that
it was ccntiﬂuing raview oF the responses from licensees of op-~
arating reactnrs to IE Bulletins 77-U5/05A and 77-06 concerning
the use of electrical connectors and electrical penetrations,
respectively. T“- 0ffice of Inspection and Enforcewment has com-.
pleted a reviaw these respenses and copies of its regorts are
enciosad.

The raports deal mainly %with the adequacy of tie documeniaticn to
confir the environmental cualification of the subject equipment.
With regard to the use of electrical connectors, the responses
either prov1aed or refarenced {nformation which inaicates auequa
qualification test results, which support continued ooeratien for
the operating reactors; however, the docwnentation for 2ilorin
and Connect 1;ut Yankee was not satisfactory.

The Connecticut Yankee licensae chose tc replaca {ne connectors
with aualitiad terminal blocks inside sealad junction boxes before
the deacline for responding to IE Sulletin 77-05. No further
decumentation is required of Connacticut Yankee.

ity memorandum of January §, 1973 orovided {ntormation regarding
the use of electrical connectors in the Pilarim init 1 plaat
and described acticns that had been taken. As stated in that
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memorandum, the plant was to be shutdown by January 21, 1978 for a
maintenance outage and to perform additional environmental quali-
fication testing of electrical ccnnectors prior to resumption of power .
operation. A chranology of the development of the °11qrim Unit 1
{nformation 1s attached. i

On January 9, 1973, the staff was informed that the licensee began an
orderly shutdown of the Pilarim Unit 1 facility at 9:C0 peam. as a
resuit of the unsatisfactory outcome of oreliminary environmental
screening tests and diagnostic examination nerformed on a typical
connector assembly cbtained from a non-safety system located ocutside
containment, Diagnostic examinaticn of the connector assembly jndi-
cated 1nadequate adhesion of the potting cowpound which was usad in
the T1eld installation of the connector. The Ticensee plans to
conduct LOCA-%yne anvirommental tests at the Yyle Laboraterias this
weeXend on samplas of existing connectors and cotential modifications
to the ccnnectors. Tha staff will follow closely the program

peing undartaken by the Boston Edison Company to ensure acceptable
qualification of the connectors prior to the raturn te power operation.

As {ndicatad in Table 1, Browns Ferry Unfts 1, 2, and 3 and Nine Mile
Point are performing additional testing which will be compieted by the
end of February. The rasults of the Nine iile Point tests will be
apolicable for Maine Yankee. Oyster Creek {s also performing addi-
tional tasting that should be completed by the end of February. The
nature of the additfonal tasting for the connectors in use in these
facilities 1s described in the staff reports of Hovember 18, 1977 and
december 6, 1977.

The IE report on elactrical connectors states that licensess have not
defined specific environmental conditions with reqard to accidants
other than the LOCA:; 2.9., a main steam 1ine break., As {ndicated in
the December 15, 1977 staff report (particularly Appendix 8 of
Enclosura B), significant aspects of environmental qualification of
electrical equipment are befng treated in the Systematic Evaluation
Program (SEP) which has now been in{tiated for the eleven SEP faci-
lities. In addition to this actfon, the staff is also pursuing the
qenerfc subject of equipment qualification as described 1n Task Action
Plan A-24; "Qualification of Class IE Safety-Related Equipment.”
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The IE report on electrical penetrations concludes that the

penetrations usad in operating reactors are eavironmentzaily

qualified for the LOCA condition, based on the-IE review of

Ticensee qualification test reports and comparative design analy-

sis. The staff is continuing its review of the need to maintain
. pressure on those penetrations which would acccomodate gas

| pressures.
Clgisa! et 8y
E2 Tt '
Edson 8. Case, Aching Director
Office of Muclear Reactor Zequlatien
Enclesures:

1. Seamary of Responses to IE
sulletins 77-C5 and 77-DEA,
dated January 5, 1973.

2. Review of Cualification Test
Reports on Electrical Pene-
tratfons in Use at Light Water
Reactor Power Plants, dated
January 6, 1973,

3. Chrono1ogy on Pilgrim Unit 1
cc: Secratary
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" MEMORANDUM FOR: Victor Stello, Director
Division of Operating Reactors, NRR

R. J. Mattson, Director
Division of Systems’ Safety, NRR

FROM: K. V. Seyfrit, Assistant Director
for Technical Programs, IE
SUBJECT: SUMMARY OF RESPONSES TO IE BULLETINS 77-05 AND
77-05A

The enclosed summary of responses to the subject bulletins
is forwarded for your infdrmation.

%
o L g L
"(’ ,\/ '_ ¢ '-( }#{,J‘

Karl V. Seyfr1t, ‘Assistant Director
for Technical Programs .

Division of Reactor Operations Inspection

Enclosure: As stated

cc: J. Scinto, ELD
LR:L. Tedesco, NRR
D. G. Eisenhut, NRR
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SUMMARY OF RESPONSES TO IE BULLETINS 77-05 AND 77-05A

Table B-1 (pg 56) of Mr. Case's memo to the Commissioners dated
December 15, 1977, "Union of Concerned Scientists Petition" listed

- 19 reactors which had reported the use of connectors L4 safety systems
which were required to function in the LOCA environment inside con-
tainment. These 19 plants were identified by telephone survey or

by initial responses to Bulletin 77-05 issued by the Office of
Inspection and Enforcement. The initial responses, as noted in the . -
referenced table, did not include documentation of qualification

test results. The complete submittals have now been received.

With the exception of the Pilgrim and Connecticut Yankee facilities,
all responses have provided or referenced qualification test results *
which indicate satisfactory performance of the connectors associated
with systems required to function in the LOCA environment. In some
cases, additional testing is being conducted to demonstrate adequate
performance under the additional conditions of aging and integrated
radiation exposure. .

In the case of Connecticut Yankee, four connectors of .the kind described
were identified. The licensee chose to replace these with qualified
terminal blocks inside sealed junction boxes. In the case of Piligrim,
letters of certification were presented which attested to the accept-
ability of the connectors, but no evidence of actual testing was
provided. As a consequence, the staff held a meeting with the licensee
on December 29, 1977. The licensee presented orally a plan of action
which was acceptable to the staff. This plan calls for replacement

of the connectors associated with the Automatic Depressurization

System {ADS) actuation by qualitied splices during an outage scheduled ,
for mid-January. Additionally, qualification testing of other
connectors will be initiated and will be described to NRR prior

to any resumption of power operation following the outage. Summaries

of other submittals for the 19 plants are included in Table 1.

The remaining operating plants state in their responses to Bulletin
77-05 that no systems which must function in a LOCA environment
contain connectors inside containment. .

With respect to other analyzed accidents, specific environmental
conditions have not been defined in most cases. For those plants
which do not use connectors in satety systems needed for post accident
service inside containment, only accidents external to containment
need be considered. Licensees indicate that the location o7 connectors
outside containment is such that the connectors are protected from

the effects of high energy line breaks or that connectors are not

used in systems required to function after such accidents or that
whatever sa‘ety functions may be required will have been completed
before the adverse environment can affect the system function.

For the 18 plants (Hatch excluded) which do have connectors in
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systems that must function in the post accident environment, and

. are located inside containment, the most severe accident appears

to be a steam 1ine break inside containment. A preliminary evaluation
of this event indicates that peak envircnment temperatures may be
considerably higher than those calculated for a LOCA, but the duration
of high temperatures will be significantly shorter. It appears

Tikely that equipment qualified for post LOCA conditions would also

be qualifiedfor the steam line break inside containment, since with
the shorter time at high temperature, the equipment is not likely

to absorb heat rapidly enough to exceed the calculated peak temperatures
associated witn LOCA. This aspect of environmental qualification

may require additional review to provide the desired level of con-
fidence in the ability of the connectors to function in accident-
environments other than the LOCA.







Facility
D.C. Cook Unit 1

¥

Browns Ferry Units 1
2
3

Nine Mile Point

Main Yankee

Oyster Creek

Surry Units 1
2

Oconee Units 1
2
3

Hatch

Fort St. Vrain

-STATUS OF QUALIFICATION OF CONNECTORS USED

fah]i‘1

INSIDE CONTAINMENTS FOR LOCA CONDITIONS

- Connectors have been replaced with qualified splices.

Status

Splice
qualification tests witnessed by NRC representatives.

Partial qualification testing completed and documented.
This included short term exposure to accident environment,
but without preaging or radiation exposure. Additional
testing to be completed by the end of. February.

Partial qualification testing completed and documented.
Circuits were not energized during testing and preaging
and radiation exposure were not included. Additional
testing to be completed by the end of February.

Utilize same connectors as Nine Mile Point. The testing
noted for Nine Mile Point will satisfy qualification require-
ments.

Connectors are essentially the same as those tested by
Wylie Laboratories for Target Rock Co. Independent review
by MPR Associates confirm similarity and concludes that
qualification is valid.

Documentation received and adequate. The only safety

related connectors are those in circuits required for

reactor trip. This function would be completed prior

to exposure to caustic sprays or high radiation. Qualification
test results for other environmental factors are acceptable.

Documentation received and adequate. Testing included 8
preaging at 300°F for 350 hours and 1rrad1at1on to 1X10
rads absorbed dose.

Hatch was listed originally as having connectors inside
containment in systems that must function in a LOCA environ-
ment, based on telephone contact. The formal response

to IE Bulletin 77-05 reveals that there are no connectors

in containment which are required to perform in the LOCA
environment.

Documentation received. Connectors are fully qualified
for postulated accident environment.
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Table 1 (cont.d) . . , 2 .

Facility . Status
Pilgrim . Documentation consisted of letters of certification, with

no actual test results. Connectors are partially protected
from environment. Licensee has proposed a program of
qualification testing or replacement of connectors.

Peach Bottom Units 2 Documentation received. Connectors are fully qualified
3 for LOCA environment.
Palisades Response indicates connectors are identical to those used

at Oconee, and therefore have been adequately qualified.

Connecticut Yankee Licensee was not able to provide documentation for the
only connectors (4) in circuits required to function in
the LOCA environment. The connectors were removed and
replaced with qualified terminal blocks enclosed in sealed
junction boxes. Licensee plans to install qualified connectors
in these circuits during the next refueling outage.
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WASHINGTON, D. C. 2C555
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MEMORANDUM FOR: R. J. Mattson, Director
Division of Systems Safety, NRR

FROM: K. V. Seyfrit, Assistant Director
for Technical Programs, IE
SUBJECT: REVIEW OF QUALIFICATION TEST REPORTS ON ELECTRICAL
PENETRATIONS IN USE AT LIGHT WATER REACTOR POWER
PLANTS

Qualification test reports on all types of electrical penetration
assemblies which are presently in use at operating 1ight water
reactors have been received from the manufacturers of these pene-
trations or from licensees. For Dresden Unit No. 1, Connecticut
Yankee, and Yankee Rowe the responses received from NRR's ten (10)
day letter of December 2, 1977, together with prototype test reports
for the Dresden Unit No. 1 and Yankee Rowe Reactors provided docu-
mentation of penetration acceptability. Connecticut Yankee penetration
qualification was determined by comparative design analysis and
reference to the prototype testing of similar penetrations used

at Yankee Rowe Nuclear Station.

LaCrosse, reports that the epoxy compound used for potting is rated

at 257°F and begins to soften at 320°F. The maximum temperature
achieved during a LOCA is calculated to be 280°F and may remain

greater than 250°F for up to one hoyr. The radiation tolerance of
their penetrations is rated at 4X10Y rads and maximum radiation
exposure during LOCA conditions is cailculated to be 10° rads.

The mineral insulated cable used in the penetrations is rated for
continuous operation while immersed in water at a temperature of

150°F, In addition, the cable terminations are capable of withstanding -
a hydro static pressure of 850 PSIG and is chemically inert. The
licensee concludes and we agree, that the electrical penetrations
installed at the LaCrosse Nuclear Station will maintain their integrity
during a LOCA. -

For the remainder of the operating 1ight water reactors, our review
of the qualification test reports identified no items which would
indicate any lack of functionability during LOCA conditions. OQur

CONTACT: V. D. Thomas, TP
49-28180 -
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review included the qualification test reports on penetrations
designed and manufactured by Amphenol Sams, Conax, Crouse Hinds,

D . G. 0'Brien, General Electric, Viking, and VWestinghouse. 1In

all cases, the information provided was consistent with information
obtained from the earlier telephone survey and the follow-up written
responses related to IEB-77-06.

Our review of the test reports included temperatures, pressures,
humidity, leakage rates and seismic conditions which are the para-
meters of concern. Radiation effects were determined in some cases
by evaluation of materials used, while others had specific radiation
exposure testing for the completed unit.

While the test data verifies that the penetrations have been qualified
with and without nitrogen pressure, we believe it would be prudent

to maintain nitrogen pressure on those penetrations which would
accommodate gas pressures, to provide added protection for the circuits
involved. We understand NRR is pursuing this matter with licensees.

On the basis of the information provided, we conclude that all
electrical penetration types presently installed at operating light
water reactor power plants are environmentally qualified to function
as intended during LOCA conditions.

If you should have any questions concerning the above matters, please
contact V. D. Thomas on Ext. 28180.

” /\ /:.
/ﬁ‘ >/ A f 1’/_ . /
z’/ Lol ARSI AT I RS- LNt
Karl V. Seyfrit, Assistant Director

for Technical Programs
Division of Reactor Operations Inspection

cc: J. G. Davis
H. D. Thornburg
R. L. Tedesco, NRR
D. G. Eisenhut, NRR
V. Stello, NRR






November 4, 1977

November 8, 1977

November 15, 1977

November 18, 1977

November 25, 1977

December 7, 1977

December 13, 1977

December 15, 1977

December 19, 1977

ENCLOSURE 3
CHRONOLOGY

PILGRIM UNIT 1
CONNECTOR QUALIFICATION

U.C.S. Petition Filed

IE Bulletin 77-05 - Electrical Connector
Assemblies Issued

IE Bulletin 77-05A - Electrical Connector
Assemblies Issued

Results of Staff survey of NSSS vendors and A%E
firms provided in staff report. No indication
received from Bechtel that electrical connectors
were used at Pilgrim Unit 1.

Further results of survey given in staff
report regarding use of connectors in Target
Rock relief valves (non-safety function).
Pilgrim Unit 1 was one plant identified as
having Target Rock valves, but not other
connectors.

Letter received from GE to D. Eisenhut indi-
cating that other connectors besides those on
Target Rock valves were used in Pilgrim

Unit 1. Staff decided to wait for licensee's
response to 77-05 which was due on December 8.
IE notified of GE letter.

IE Headquarters received cover letter without
nine attachments from Boston Edison Co. (BECO)

Staff report to Commission: Table B-1 contains
Pilgrim Unit 1 as using connectors in safety
systems and awaiting formal documentation of
qualification by test.

Letter and nine attachments from BECO received

in the IE Region 1 Office. Material forwarded to
IE headquarters without review by field office
staff.







December 27, 1977

December 29, 1977

December 30, 1977

January 5, 1978

January 6, 1978

January 9, 1978

January 10, 1978

IE Headquarters receives full BECO submittal
from Region 1. Determines that information did
not consist of qualjfication data but only
letters of certification; NRR was notified of
the contents of the submittal, i.e., no test
results provided by BECO.

NRR meeting with BECO. Licensee provided bases
for continued safe operation pending complete
documentation of qualification. Licensee
requested to provide complete documentation -
to support conclusion that the electrical
connectors are environmentally qualified prior
to resumption of plant operation following the
scheduled maintenance. outage. .

BECO submits confirming letter about plans to
qualify electrical connector assemblies.

Report from IE to NRR summarizing 1icensees'

responses to IE Bulletins 77-05/05A and indi-
cating that no actual test results were pro-

vided for Pilgrim 1.

Staff report to Commission discussing actions
taken in Pilgrim Unit 1

IE informed by BECO of plant shutdovwn as a
result’of the unsatisfactory outcome of pre-
liminary environmental screening tests and
diagnostic examination performed on a typical
connector-assembly.

Telecon: BECO advises .staff of initiation
of tests to qualify electrical connector
assemblies.
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MEMORANDUM FOR: Chairman Hendrie

Commissioner Gilinsky

Commissioner Kennedy

Commissioner Bradford
FROM: Edson G. Case, Acting Director

Office of Nuclear Reactor Regulation
THRU: Executive Director for Operations
SUBJECT: UNION OF CONCERNED SCIENTigTS' PETITION

This memorandum provides additional information on electrical connections
located inside containment in safety-related systems at Connecticut
Yankee Atomic Power Company's Haddam Neck nuclear power plant. In the
staff's December 15, 1977 report on the UCS petition we advised that the
Ticensee had replaced four safety-related electrical connectors with en-
vironmentally qualified terminal blocks located inside environmentally
qualified junction boxes. In our January 13, 1978 report on the results
of IE Bulletins 77-05 and 77-05A, we reported that no further documenta-
tion of the environmental qualifications of these connections was
required. We were relying on the licensee's statement that appropriate
qualifications existed.

The staff received telecopied information from the licensee late on
January 13, that the environmental qualification data being relied on
did not in fact exist for the terminal block and box assembly. We
learned on January 16, 1978 that a large number of similar, but - A
unprotected terminal blocks (i.e., blocks without junction boxes)
have been in use in safety-related systems inside containment of

that facility since it began operation over ten years ago. Since the
plant is one of the eleven plants under review in the Systematic
Evaluation Program, the broad question of environmental qualification
of other electrical equipment, not just connectors, was already under
expedited review, as described in our December 15 report.

Although engineering analysis of the design and materials of con-
struction of the terminal blocks convinced the licensee that the
unprotected terminal blocks were environmentally qualified, the

licensee agreed during a meeting with the staff on January 16 to
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perform a screening test of the capab111ty of the terminal blocks
without junction boxes to function in an accident environment. The
test was called a screening test to differentiate it from a full
environmental qualification test. The screening test involved

an aged terminal block (10 years old) with steam, high temperature,
high pressure, and high voltage conditions. It was to be run on an
expedited basis prior to later environmental qualification tests
that would include aging and radiation conditions. The premise

was that if the unprotected terminal blocks (hereafter called
Marathon terminal blocks) could be shown by a combination of
analysis and screening tests to be qualified for the azcident
environment, then time could be allowed for a more deiiberately
paced, comp1ete environmental qualification testing program of the
blocks and the1r associated terminal boxes.

As indicated in our January 20, 1978 memorandum to the Commission
(footnote 8 on page 3), the initial screening test was conducted on
January 19, 1978. Details of -the test conditions are »rovided in
Enclosure 1. In that test there was a failure in the test rig

and its controis (inadvertent application of excessive tempera-
ture and pressure during the rise to the second temperature peak

of the test sequence). One of the terminal pairs on the Marathon
terminal block failed during the inadvertent transient. The other
terminal pair survived the test.

The licensee immediately proceeded with steps to repeat the test on
additional terminal blocks.

The second screening test was completed on January 26. It included:
1) the General Electric terminal block and box assembly with which
the licensee had replaced the four electrical connectors; 2) an aged
Marathon terminal block which had been in service for ten years at
the plant; and 3) a new unprotected Westinghouse terminal block.

The Marathon terminal block functioned normally for 21 hours into the
24-hour screening test, and then one of the two terminal pairs
failed. The other pair survived the complete test. The location

of the failed terminal pair on the Marathon block was the same

as the location of the pair which failed during the inadvertent
transient portion of the first screening test. The General Electric
terminal block and box assembly and the Westinghouse terminal block

. passed the screening test.
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The licensee voluntarily shut down the plant today to replace the
Marathon terminal blocks with the Westinghouse terminal blocks. The
staff will review the complete qualification data on these blocks
before the plant is returned to operation.

The generic implications of the failure of the Marathon terminal
blocks are being pursued by the staff through two parallel channels.
First, an NRR telephone survey of all operating plants is being
conducted this afternoon to see if there are other plants with
unprotected terminal blocks without complete environmental quali-
fications in use in safety-related systems inside containment.

The results of the survey are to be assembled by January 31. Any
licensees found to have unprotected terminal blocks in safety-
related systems inside containment are to be in the Bethesda
offices of NRR on Febwruary 1, 1978 with available documentation

of environmental qualifications. If unqualified blocks are found,
the licensees will be required to show an acceptable basis for con-
tinued safe operation. On January 30, IE will issue a Bulletin
requiring follow-up documentation of whether such terminal blocks
are in use and, if so, their environmental qualifications.
Additionally, the subject of environmental qualifications of all
electrical connections in safety systems inside containment for the
eleven plants in the Systematic Evaluation Program is being studied
on an expedited basis relative to the study of other electrical
equipment which was already on an accelerated schedule.

Enclosure 1 provides details of the January 18 and 26 screening
tests of the terminal blocks. Enclosure 2 is the information
phoned to licensees today. We will be reporting on this matter
to the Commission by February 3, 1978. :

-
gﬁq I

~Edson G. Case, Acting Director
/ Office of Nuclear Reactor
Regulation .

Enclosures:

1. Screening Tests of Connecticut
Yankee Terminal Blocks

2. Information telephoned to
1icensees

cc: Union of Concerned Scientists
NRC Public Document Room
SECY
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SCREENING TESTS OF CONNECTICUT YANKEE TERMINAL BLOCKS

On January 18, 1978, Connecticut Yankee Atomic Company performed a screening
test intended to verify previous analyses of the environmental qualifications
of unprotected terminal blocks used inside containment. The test was
performed at the Franklin Institute Research Laboratories, Philadelphia,
Pennsylvania.

The test specimen was a Marathon M-6012 terminal block. It was exposed
to a steam environment which was designed to envelope the calculated LOCA
environmental conditions in the Haddam Neck containment. The pressure
selected for the test was 40 psig for a period of 24 hours. ‘

The temperature profile consisted of a rise from an initial temperature of
1000F to 2759F within ten seconds, followed by a steady state operation

at 2750F for four hours. This was followed by a drop of temperature to
1400F within one hour, followed by a repetition of the initial temperature
rise to 275°F (within ten seconds). The temperature then remained constant
at 2750F for the remaining 19 hours of the test period.

During the initial screening test, 525 volts, single phase, 60 Hertz, ac
voltage was applied to twe pairs of terminals on the test specimen.
Inability of the terminals to hold the voltage was defined before the
test as an appropriate failure criterion. The test was initiated on
January 19, 1978. The terminal block functioned as intended during the
first 5 hours of the test at which time one of the pairs of terminals
failed the test.

The cause of failure is still under investigation. The failure occurred
during an operator errov resulting in a pressure and temperature
excursion which is outside the envelope of the intended test. Because
of this, the licensee reran the test.

The second screening test was initiated on January 25, 1978. This test
included three test specimens: (1) an unprotected Marathon terminal
block identical to the one used in the first test, (2) an-unprotected
Westinghouse terminal block; and (3) a GE terminal block enclosed in a
NEMA type 12 box identical to the ones in use in the Haddam Neck plant.
The test specimens were exposed to an environment having temperature
and pressure profiles essentially the same as those of the first test,
minus the inadvertant overpressure transient. A1l the test specimens
successfully operated through the two temperature rise profiles in the
test sequence.. However, after 21 hours in the-test environment, the lower
pair of terminals of the unprotected Marathon terminal block failed.
The failed terminal points were disconnected and the test was completed.
No further failures occurred. The failure mechanism of the terminal
blocks during the first and second tests appears to be similar; i.e.,
the terminal pair that failed in each of the tests was the lower pair
on the terminal block. Detailed analysis are in progress to identify
the exact cause of failure.
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" ENCLOSURE 2
Information Telephoned to Licensees

Recent Taboratory tests conducted at the Franklin Institute for the Connecticut
Yankee facility have shown that the insulating function of unprotected
Marathan Model M-6012 terminal blocks when exposed to the temperature pressure,
and humidity conditions which could result from a LOCA inside containment

have failed to survive the planned 24 hour duratijon of an environmental
qualification screening test. In the same screening test, in pr?tected
westinghou;e Model #542247 terminal blocks survived the planned 24 hgur

test duration. Unprotected terminal blocks are those that are not inéta11ed

in sealed or vented metal enclosures. It is requested that you determine
whether or not unprotecte&ﬁ;ermiﬁal blocks are located inside containment

in your facility and are used in safety system circuits requi;ed to function

during or subsequent to design basis accidents.

If unprotected terminal blocks are used, you sﬁould be prepared to meet
with the staff on February 1, 1978 to discuss the environmental conditions
for which the terminal blocks have been qualified, including submergence
if applicable. You should have available documentation to support your
conclusions regarding the qualification of any-unprotected terminal block
used as described above. If not completely qualified for all expected
environmental conditions, you should be prepared to discuss the basis for
continued operation of your facility. This information should be reported
by telephone to NRR by 12:00 noon January 31, 1978. We plan to issue a
bulletin on January 30, 1978, which will document this requegt,and specify

written reporting requirements in this matter. w
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February 2, 1978

Edward Luton, Esq., Chairman Dr. Emmeth A. Luebke

Atomic Safety and Licensing Board Atomic Safety and LicenSiné Board
U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory Commission
Washington, DC 20555 . ~ Hashington, DC. 20555

Dr. Franklin C. Daiber

' , ‘College of Marine Studies
University of Delaware
Newark, Delaware 19711

In the Matter of )
Rochester Gas & Electric Corporation
* (R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244 /

\

Gentlemen: ‘ . .

Attached for your information is RG&E's response of January 16, 1978,
to the Staff's letter dated December 16, 1977, requiring a submittal
dealing with the ECCS model for the Ginna facility. The Staff's letter
to RG&E was forwarded to the Board by letter dated December 30, 1977.

Sincerely, . :

5/

Auburn L, Mitchell
Counsel for NRC Staff

Attachment Dist

As Stated ' NRC Central
' ’ LPDR(2)
cc W/attachment: Leonard M. Trosten, Esq, : Shapar
. Mr. Michael Slade Engelhardt .
Robert E. Lee, Ph.D. Grossman
Jdeffrey Cohen, Esq. - . Reis
Warren B. Rosenbaum, Esq. -~ Mitchell
Atomic Safety and Licensing Board Panel , Chron(2)
Atomic Safety and Licensing Appeal Board FF(2)
Docketing and Service Section HSmith
. . Ketchen
TWambach -

A. Schwencer

OFFICED OELD ! OELDWR

Py B v Y
. Mitchell/dmr Re1§

[ .
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. o . ' Y
Director -of Nuclear Reactor Regulation . ﬁgﬁiﬁﬁuww

Attention: Mr. A. Schwencer, Chief ‘ ‘ “im "
’ Operating Reactor Branch #1 . o
U.S. Nuclear Regulatory Commission ‘ . ZINRES ~

| Washington, DC 20555
.Dear Mr. Schwencer: o .

In a letter from Mr. Edson Case dated December 16, 1977,
it was stated that the NRC staff has re-evaluated the accepta-
bility of the calculational model used to-evaluate the per-
formance of the emergency core cooling system (ECCS) in
Westinghouse designed two reactor coolant loop plants. The
letter asked that we develop additional bases for continued safe
operation of the R, E. Ginna facility and asked that we pro-
pose any additional operating limits which.might be required.

We have performed analyses to demonstrate the effective-
ness of the R.E. Ginna ECCS and have developed bases for con-
tinued safe operation in accordance with 10 CFR 50.46 and
Appendix K to 10 CFR Part 50. The methods and results of our
analysis are preSented in Attachment A. Based upon this
analysis no additional operating limits are appropriate.

Sincerely yours,
L. D. White, Jr.

Att. - - , :

L4 Bl
. .
- P \ .
: ® “ o
O Lo .~ A

. |
January 16, 1978 A\D1 [ [0):
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ATTACHMENT A

BASES FOR CONTINUED OPERATION OF WESTINGHOUSE DESIGNED
TWO LOOP PLANTS WITH UPPER PLENUM INJECTION

INTRODUCTION

On December 16, 1977, the United States Nuclear Regulatory Com-

mission issued a letter to the owners and operators of Westinghouse
designed two loop, plants with upper plenum injection. Attached

to this letter were Safety Evaluation Reports from both the Analysis
Branch .and the Operating Reactors Branch of the NRC. The letter
requested that an analysis be performed which conservatively accounted
for upper plenum low head safety injection in order to provide additional
bases for continued operation. The following discussion outlines the
interim basis for continued safe operation of the plant.

METHOD

An analysis has been performed to assess the possible safety and
operation impact of the NRC conclusions regardlng two loop plants
with upper plenum 1njectlon. The basis for this analysis is the
"Staff Model" described in the NRC Analysis Branch "Safety Evaluation
Report on ECCS Evaluation Model for Westinghouse Two Loop Pliants",
Novenber, 1977 (SER).

Westinghouse Electric Corporation wrote a computer program based on
the description in the SER. This program was verified as giving
results consistent with the staff model by comparing it to a listing
and sample output of the NRC staff model. Following this verifica-
tion, the fOllOWlng changes were made to the model.

.1) The clad temperature rise versus flooding rate curve,
Figure 24 in the SER, was replaced by a more realistic curve.
The new curve was based on the Westinghouse design FLECHT
correlation with input more specxflc to the Westlnghouse
two loop plants.

"2) The input was changed to allow transient input for. pressure,
injection rates, flooding rates and decay heat.

3) The carryover fraction, CRF, discussed on page 40 of the’
SER was changed from 0.8 in the staff model to 0.7 in the
Westinghouse model. Carryover fractions of 0.7 are more
typical of the two loop plants.







4) The botitom guench front in the staff model was initialized
at 0.0 feet. Since this calculation starts some 20 seconds
into reflood, the Westinghouse model initiates the bottom

quench front at 1.5 feet which-is a lower bound value from
the Westinghouse ECCS Evaluation Model results.

5) The heat transfer model, ‘described on page 37 of the SER,
was altered to account for the amount of heat transfer in
the unquenched region which is going to the bottom gen-
erated steam rather than the top generated steam. This was
done by reducing the heat transfer to the top generated
steam by 25 per cent. This is a conservative lower bound.

6) The metal heat model was altered to take into account the
finite amount of heat stored in the upper plenum metal.
The heat capacity of the upper plenum metal is 5930 (BTU/°F).
This metal energy is removed in a finite period of time
after which no energy is added to the fluid from the metal
: resulting in increased subcooling for the remainder of the
& ‘transient.
In addition to these code changes, the input was also changed from the
NRC staff model to more accurately match the plant conditions. These
changes involve the transient core pressure and decay heat obtained
from the Appendix K Analyses of Record, submitted for R.E. Ginna on
april 7, 1977. Finally, 100 percent of ANS decay- heat was used for
upper plenum injection water steam generation. The base case was 120
percent of ANS decay heat. Therefore, the hot rod temperature rise
calculation was performed with 120 percent of ANS decay heat. This
treatment of decay heat is in accordance with Appendix K to 10 CFR
Part 50 since the base case includes the 120 percent of ANS decay heat.

a“

RESULTS

The results for the six units involved are summarized in the attached
table. The results for Ginna, identified as RG&E in the attached
table, show a reduced peak clad temperature. Thus, the current plant
Technical Specifications continue to ensure compliance with Appendix

K to 10 CFR Part 50 and to 10 CFR Section 50.46 and no plant operating
restrictions are necessary. It should be pointed out that this simple
calculation.remains overly conservative since 100 percent upper in-
jection distribution and no hot spot cooling by the upper plenum in-
jection water were assumed. Also, a dynamic calculation incorporating

.all of the hydraulic feedback mechanisms would yield more favorable

results.
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PLANT

WEP/WIS

RGE
NSP/NRP

WPS

UPPER PLENUM iNJECTION,RESULTS:

CURRENT WESTINGHOUSE
EVALUATION MODEL ANALYSIS

e

2.32
2.32
2.32
2.25

‘‘‘‘‘

PEAK CLAD

TEMPERATURE

1965

. 1957
2187
‘2172

NEW U.P.I. ANALYSIS

Fg

2.32

2.32

2.32.

2.25

'PEAK CLAD
TEMPERATURE

1872
1852
2067
2052
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January 1?; 1978

Atomic Safety and Licensing Board Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory Commission
Washington, DC 20555 Washington, DC 20555 -

Dr. Franklin C. Daiber
College of Marine Studies
University of Delaware

Edward Luton, Esq., Chairman Dr. Emmeth A. Luebke
Newark, Delaware 19711

In the Matter of
Rochester Gas & Electric Corporation
(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244
|

Gentlemen:

Attached for your information is a letter from Victor Stello, Director,
Division of Operating Reactors, NRR to RGE dated December 23, 1977,
stating that the first topic of review under the Systematic Evaluation
Program (SEP) will be Environmental Qualification of Safety-Related
Equipment. NUREG-0413 on that subject is also enclosed. The letter
directs RG&E to submit certain identified information to the Staff
within 60 days from December 23, 1977.

Sincerely,
" Dist
15] NRC Central }

Auburn L. Mitchell Eﬁgﬁéf)

Counsel for NRC Staff Engelhardt
. Grossman
Enclosures Scinto
As Stated Reis
cc w/encl: Leonard M. Trosten, Esq. . ﬂ;ﬁgﬂ?;}
Mr. Michael Slade FF(2)
Jeffrey Cohen, Esq. | TWambach
Warren B. Rosenbaum, Esq. " ASchwencer
Atomic Safety and Licensing Board Panel . )
Atomic Safety and Licensing Appeal Board
" Docketing and Service Section

OELD

orfice> i Mitchell/dmr
SURNAME > . @LW&
DATE > ] / lp /72
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¢ ‘ 2 Dist

A - . NRC Central
January 11, 1978 LPDR(2)
" * Shapar/Engelhardt/Grossman
Scinto - :
Reis ’
Mitchell
. ' ’ Chron(2)
Mr. Michael Slade FF(2)
1250 Crown Point Drive. : Ketchen
Webster, New York 14580 . Wambach/Schwencer

In the Matter of
Rochester Gas & Electric Corporation
- (R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244

Dear Mr. Slade:

! . Enclosed are copies of the Licensing Board decisions and the Denial of
Petition for Rulemaking which were intended for enclosure in my letter
to you of December 28, 1977. -Thanks for your call yesterday advising

| me of this omission. ’

Sincerely,

\s\

Auburn L. Mitchell
Counsel for NRC Staff

Enclosures ‘ ,
As Stated .

cc v/o encl: Edward Luton, Esq., Chairman
Dr. Franklin C. Daiber
Dr. Emmeth A. Luebke
Leonard M, Trosten, Esq.
Robert E. Lee, Ph.D,
deffrey Cohen, Esq.
Warren B. Rosenbaum, Esq. :
Atomic Safety.and Licensing Board Panel
Atomic Safety and Licensing Appeal Board
Docketing and Service Section

OELD OELD

ormee> LMitehel nr Reis A\ . - | ‘ y
SURNAME 3> ¥ A/, W P : !
DATE 3> e \ ! (’ ;) 75
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