
Edward Luton, Esq,, Chai@can
Atomic Safety and Licensing Board
U. S. Nuclear Regulatory Commission
hashington, D. C. 20555

Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dr. Franklin C. Daiber
College of f~iarine Studies
University of Delaware
Newark, Delaware 19711

In the Natter of
ROCHESTER GAS 5 ELECTRIC CORPORATION

(R, E; Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244

Gentlemen:

Copies of NUREG/CR-0400, "Risk Assessment Review Group Report to the
U. S. Nuclear Regulatory Comission" (the "Lewis Cotanittee Report" ),
have been furnished directly to the Licensing and Appeal Board panels'or the use of the members of this Board. Under cover of copies of

,„ this letter, the NRC Staff is enclosing copies of the Lewis Committee
;; Report for the information of the parties to this proceeding. The

Commission is presently in the process of developing a policy statement
concerning the report.--

r e

Sincerely,: „
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tE ")tA I

'dward G. Ketchen
Counsel for NRC Staff

CC (w/encl,):

Leonard H. Trosten, Esq,
Vr. H)chael Slade
Rochester Covaiitee for Scientific

Information
Jeffrey Cohen, Esq,
Varren B. Ros<nbaum, Esq.
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June', 1978

Edward Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commjssion
Washington, DC 20555

Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Comnission
Washington, DC 20555

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

In the Natter of
Rochester Gas 5 Electric Corporation

(R. E. Ginna Nuclear Pow M~ it No. 1)
Docket . 50-244

Gentlemen:

Dist
NRC Centra1
LPDR(2)
Shapar
Engelhardt
Grossman
Scinto
Reis
Ketohen
Chron(2)
FF(2)
DVassa11o
TWambach/
ASchwencer

Sincerely,

Edward G. Ketchen
Counsel for NRC Staff

Enclosure: As Stated in the Attachment

cc w/encl: Leonard N. Trosten, Esq.
Nr. 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

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.
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UNITEDSTATES

NUCLEAR REGULATORY COMMISSI
WASHINGTON,6 C. 20556

June 7, 1978

~ / \4

Edward Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Mashington, DC 20555

Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory COIm

'

Washington, DC 20555

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

~ \

pp«,c.cc~

)AS

Ott~o ~„t 5
po>~ j~hcb

In the Matter of
Rochester Gas 5 Electric Corporation

(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-24k.—

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 questioris relating to occupational exposure in comercial 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.
Marren B. Rosenbaum, Esq.
Atomic Safety and Licensing Board Panel
Atomic Safety and Licensing Appeal Board
Docketing and Service Section
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ATTACHMENT

2.

8.

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 H. Zimmer, Senior Health Physicist,
SD:OHSB. (Only documents circled in index and enclosures to those
documents are included.)

MEMORANDUM FOR: Director, Office of Standards, Development, FROM:

G. W. Zimmer, Occupational Health Standards Branch and enclosures.
I

Preliminary Value - Impact Assessment For Task 'nitiation to
Develop an NRC Staff Technical Position on Neutron Ouality Factors,:
and REFERFNCES: (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,
June 29, 1976, and enclosures.

Review of NCRP recommendations to date, with enclosures.

Origin of Current NRC limits, with enclosures.

Preliminary Analysis .of Rossi's Presentation Regarding The Pisks
of Neutron Radiation Exposure.

Alternative Actions.

9.

10.

11.

Prel iminary Value/Impact Appraisal .

Recommen'da tion.

Activities Under NRC Jurisdiction.

12. Memorandum dated October 22, 1976 from the Director, Office of
Standards Development to the Director, Division of Siting, Health
and Safeguards Standards, Office of Standards Development.



0 0
4N



' gyP REcn
V Pn + E, 0

v~g
+a**+

UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

May 12, 1978

Mrs. P. M. Allen
North Anna Environmental Coalition
112 Hallmark North
Briarcrest Gardens
Hershey, Pennsyl vania 17033

Dear Mrs. Allen:

I am writing in answer to your letter of March 29, 1978, which asks
several questions regar dinq the neutron exposure issues raised by
Mr. Glen W. Zimmer in his January 25, 1978 memorandum to Roqer 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 meetings among the NRC staff and several
memoranda (enclosed) 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 0. 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 specific questions, we are providing the following
responses:

(}uestion 1 What are the names of those reactors where personnel are
"receiving some neutron exposure which heretofore has been
unknown"7 or is this a newly-known problem at all reactors
(PWR's)V

Response We 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 proqram. We

have discussed this matter with Mr. Zimmer and other involved



'rs. P. M. Allen 2 Hay 12, 1978

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

guestion 2

Response

guestion 3

Response

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. Neutron
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-~hi
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 warr anted. 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 beinq 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 ~accurac in neutron measurement.

guestion 4 Mh««i bi f~i
reactor shieldinq?

inadequate

Response Assessments of the adequacy of reactor shielding are made at
several points in the desiqn 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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guestion 5

Response

shield design. During the licensing review process, the
NRC reviews the design and the radiation field estimates
made by the designers. Ouring 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 hy adding shielding or restricting access to those areas.

Have the workers at risk from neutron exposure been so noti-
fied and allowed a voice in their assignmentsT If workers
have not been informed of potential neutron exposure, the
Coalition ~hereb ~re uests that such ~notif cation be made.

Mith 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 entering 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 monitoring, Regulatory Guide 8.14 "Per-
sonnel Neutron Dosimeters" was developed to provide acceptable
guidance to licensees where exposure to neutrons may occur.
All of the above sections of the regulations are inspected for
compliance by the Office of Inspection and Enforcement and
appropriate enforcement actions are taken as discrepancies are
noted. The risks from neutrons per unit dose equivalent (REH)
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.

Sin rely,

- Enclosures:
As stated

Brian K. Grimes, Assistant Director
for~Engineering arid Projects

Division of Operating Reactors
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RYASHINQ. ON. O. C. 2C555
ENCLOSURE 1

'(>? " 9 479

t'!Et>G?AAOV>!. FOR: L. Hiqginbotham, Actina Director
Div. of Fuel Facility 8 t>aterials Safety Insoection, IE

FROM: D. G. Eisennut, Assistant Director for Operational
Technolaay, OOR

R. H. Yollmer, Assista!!t Director for Site Analysis,
DSE

SU8JECT: NEUTRON EXPOSURE AT CC"! RCIAL PO!'ER REACTORS

He have received the attached >memo frcm Glenn!A. Zi. mer in cur Office
of Standards Develop!>~ent and hav discussed the issue wi h him. It is
our understanding that t'>.e data on which he bas s his concerns cwe fran
a 8attelle Pacific l!orth;:est Labor.atcry e!Ialuation o neu+ron alh do
dosireters given to a health physicist of a PHR wt o used '..'".em, in save
unknown r::armer, on r actor personnel. The people;rem P,'!L who,~ere
responsible ..or'valuating and reporting the data were Leo Faust and
G. W. End rs.

We discussed the data wi.h Faust and Enders, and it i-as stressed by these
individ!!a!s .nat the data aia not .'."..""ly ~ lac!; o~ cc«rol ."" a,".y '.iccnsee
with respect to n utron exposure. The data v>as gat'."ered as an aside"'o a research procran on ga~>-ia scyshine dose reasur~.ents and for
roost of the dosi~ieters lis.ed in the attached r."-..."io, the exposure .vas o!!.-
side the con.rol of Faust and Enders. In addition, it i as s.ressed by
the P>'IL investicators that the eneray spectral distri'nation of t~e
neutrons to which the dosi!..eters were exposed was not known. This r.cans
that the int rpretation o the res»1 ts free the dosi dieters is ques-
tionable. The albedo dosimeter nay overestimate expos;!res by as r':uch
as a factor of 20 to 50 dependina on the calibration sources. The
purpose of Pi,L submitt'ng the data ~as to provide a iustirication for a
research program proposed by PNL to N?C Research to r easure spec.ral
di stribu icn of neutrons and the relat d calculated ne.!iron dose
equivalen compared to TLD neutron dose equivalent ".easur>:.ents.

l!e have no reason to believe that a probl=.n exists at Ll"R's with
res~ect to personnel neutron dosi etry as long as their R= !iat'nn
Protection Pro."ra.".s are appropriately i. al;".. en ed. rer ul=;.o",y
Guide 8.1'": "Personnel >'e>!tron ''csi'>a 4'ers alve ace~~'.aha '"2 beds
of ...easuring ne!:tron doses and arose eauiv~l=.n ex",.cs:.!(es. 7'-is
regulatory guide s"ecirically r>.c. 'ends against us. ~f .'T i fili~
>or eneraies less than abo>!t 0.7 'I"=Y. The .".»ide oroi i~es alternate

acceptable�!~et",ods

for detemiri".~ reutron dose to nerson.".'.l.



'.!e reouest t).at <gal.'eter;.i~e,:!:rr ina nor;"~1 ly sc).ei'ulled inspections,
i-..et)Ãr or not reactor 1)censees are ).erfoP~irln )",roar .'."..". neutron
:~egsgrppents ~v 50 doing lw. Can satisfy oui selves ha" reco--en.". d

,.;rac'ices are heim carried ou+.

This revie~ was period:.ed by 7. tbrohy, RAP/DSr., and S. Blcck, Ern/"GP,.

ji3/
Darrell G. Risen)~ut, Assistant Director

for Operational Techno1cgy
!division of Cperating Re ctors

Ric).ard )!. 'lo'~er, Assistant Dir ctor
,or ":ate Analysis

Qivision of Sit'af ty an0
Lnviro~enta1 Analysis

Enclosvr :
As stated

cc: F.. Case
R. Boyd
P,. Pattson
H. 0 rt"n
Y. Stello
D. Ei senhu"=
P-- Volleyer
R. Alexar,der
P.. )1ir ogue
C. Zi!';:.er
L. Barrett
T. )4rphy
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UNITEO STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, O. C. 20555

April 3, 1978

ENCLOSURE 2

MEMORANDUh1 FOR: S. Levine, Director, Office of Nuclear Regulatory Research

FROM E. G. Case, Acting Director, Office of Nuclear Reactor
Regulation

SUBJECT: STUDIES TO DETERHIHE CAPABILITY OF EX I STING PERSONNEL
NEUTRON DOSIMETRY SYSTEMS AT OPERATING NUCLEAR POWER

REACTOPS TO MONITOR REACTOR NEUTRON ENVIRON"iEHTS
(RR-NRR-78-8)

NRR requests RES to fund a program for the purpose of collecting data on the
effectiveness of personnel neutron dosimetry programs at operating nuclear
power plants. To achieve this objective there is a need to identify plant
areas in which siqnificant 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 .Per unit flux for each energy interval at these locations.
Neutron exposures have seldom been observed (reoorted) 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

Regulatorv Guide 8.14 "Personnel Neutron Dosimeters" requires that licensees
supply personnel monitoring equipment to those employees whose exoosure to
neutrons is likely to exceed 300 mrem in a auarter. 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 HTA among

power reactor licensees, are quite sensitive to low energy neutrons and can
overestimate the dose equivalent 'by factors of 20 to 50 (again depending on
the neutron spectrum and calibration technique). 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



S. Levine W 2 0 April 3, 1978

Accurate measurement of the neutron spectrum requires specialized nuclear
instrubentation and methods generally not available to the licensee, ex-
cept through consultants. Therefore, few attempts have been made by li-
censees to determine spectral distribution. Several PWR reactors (e.g.,
Calvert Cliffs, St. Lucie, Millstone 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 following 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 energy reqion (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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6) Conclusions with respect to the accuracy of the various techniques,
grouped according to physical geometry and neu ron 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 National
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. Sdlection of reactors would be
made in conjunction with NRC.

Value Im act

We feel that this study is important in confirming that adequate personnel
neutron dosimetry is. being performed by nuclear power reactor licensees,
consistent with Regulatory Guide 8.14. If it is determined that the spec-"
tral distribution is heavily weighted with neutrons of energies less than
0.7 mev, those licensees using NTA film may be grossly underestimating
personnel 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 proceduresif 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 conj'unction with shield reviews because of their neutron streaming prob-
lems. These include Millstone II, 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
ARE firms (e.g., Bechtel, Ebasco, and Sargent, and Lundy) for utilities in
conjunction with shield reviews.

cc: See page 4

Edson G. Case,'ting Director
Office of Nuclear. Reactor Regulation
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S. Levine

CC: V. Stello
R. H)nogue
C. Smith, Jr.
E. Yolqenau
D. Eksenhut
R. Vollmer
B. Grimes
M. Kreger
T. Hurphy
R. Alexander
L. 8arrett

'.'densar..
G; Zimmer
J. Kastner
F. Swanherd
L. Cunnfnnhar>
J. Foulke
Section 8/EE'8
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Ropreselltat lve John O. Dingel! to i.RC
Chai!i.an Jos'",:i! Ii. Hen'rie

FRO!i: Glen!! H. Zirr~.er, Senio!" Heal;h Pi!ysicist, SD:GHS"

l. Radiation Effects Research'Foundation, Organization, Programs ard
Finding's, Hay 17, 1976.

2. Letter from M. D. Ro>'e, Ph.O., Oep ty Assistant ACTlnis ratoi for
Padiation Programs, EPA, to J. G. Speth, Iiatu.al Resources Defense
Council, Inc., Aug. 10, 1976.

3. C00-3243-5, pages 156-'165,"Possible ifodification o he Theory of Dual
Radiation Action," .Y.Y!.-P Lam and H. H. Rossi, 1976.

4. C00-3243-,.5, pages 166-'.73, "Induction of Leukemia by Fast tIeutrons,"
H. H. Rossi, 1976.

r

5. IIemorandum from H. Peterson, ESB, SHSS, SO to R. J. Hattson, Direc or,
SHSS, SO, subjec~ilerits of Additional Studies by tr.= National Academy

of Scier!ces on Radiation 1'njury, Nov. 1976.

6: "Leuke!aia in Atomic Bomb Survivors, Hiroshima and ii.-gasaki, 1 October'1950-
30 September 1966," T. Ishi!.aru, et al., Rad. Res. 45, 216-233..(1971).

~ 7. "Isotropic and Cloud Source Irradiation by Honoenergetic lieut.ons and Photons
T. D. Jones, and J. H. Poston, ORHL (Pre-publication copy).

S. OR<L/TiI 5337,. Radiation Insu',t io the Active Bone harro';r a- Predicted by a

liethod of CHORDS," T. D. Jones (I'"-. cn 1976).

9.. ORNL-5191, "A CHOPO Simulation for Insult Assessment to the Red none r'arro:,"
T. O. Jones (August 1976).

10. "Leukemia Risk from neutrons," H. H. Rossi and C. tf. Hays ,copy of pap r
submitted to "Science" ) (1976).

1

e
f

s t
11. "The Ef ects of Sma'.1 Oases of Ionizing Padiation: Fundamental Bi"physical

Characteristic's," H. H. Rossi (copy of paper pr sent d to tI'oint
meeting of. the Radiation Research Society and the Health Physics Society,
Sa ! Francisco, 1926).
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13.

16.

17.
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19.

20.

21.

22.

23.

tCRP letter from 4'. Ro..r Hoy, Executive Director, to Vie"b rs of the
Counc! I, Sub'oct: Proposed ttC!'.P S".-tern nt on R a"!ction of ti!e l.-'xximum
Pe!'."!lsslble Dos". Eouivcllent for Helltrons, ''lith en losul os except tile
ballo'llarcl! 24, 1975).

HCPP Ropor» on Pecent Actions of the Board of Directors (1975).

h.horandum from Allen Brodsky, Senator H alth Physicist, 0HSD, SHSS, SD, to
files, Subject: Summary of I>!formation Obt ined at Health Physic" Society
tteeting, June 20 to July 2, 1976, on Rossi's Proposal to Lo;:er Permissible
Exposure Pates to t'eutrcns Quly 12, 1976).

Preliminary Va'.ue-Dapact Assessment for Task Initiat.on to Develoo an hRC
Staff Technical Pos ition on heutron guality Facto! s, G. H. Zit—.»er (t~ov..1976)

tiemorandum f lcm R H Voll!!!er A'.D. for Si.e Analysis, DSE, to Dennis H.
Crutchffeld, Lead r, Techn'ca) Support Section, PSB, Subject: C'oncurrence
in OSD Task Init ation (Decemb r 1, 1976).

tlemoranuum from 8. Grimes, Chief, EEB, OOR, to V. Stello, Jr., Director,.
Division of Gperating Reactors, re: OSO Task Initiation QH 704-S (Dec. 3,
197o).

t>CRP liemo!'andum from Thomas Fea! On Staff Assistant to limbers of'Scientific
Committees 1 ard 40, Subject: Rossi Hemorandum on tteutron Dose Response
(J<me 21, 1976):

Letter from V. P. Gond, h.O., Associate Director, Brookhaven tlational
Laboratory, »o Dr. Lauriston S. Taylor, HCRP, regarding "H!CRP statement
for Reduction of. Neutron Dose Limit" anarch 16, 1976).

Z:~u~ er s comments on V . P . Bond ' comments on Ross i in Bond '
1 otter to

Taylor dated Harch 16, 1976.

HRPB-R57, "Doses in Radiation Accidents Investigated by Chromosome
Aber!'ation Analysis VII, A Revie!! of Cases Investigated: 1976 ('eceived
from ttRC library, triarch 15, 1977).

"An Analysis of Leukemia Data From Studies of Atomic Bomb Survivors Based on
-Estimates of Absorb d Dose to Active Bone fiarro!v," G. I?. Kerr, et al., to
be published in the Proceedings of the Fourth International Congress of the
Internatio'nal Radiation Protection Association, Paris, April 2-',-20, 1977.

"Lo.v-Dose RBE and g for X-ray Compared to w-ray Radiations," Y. P. Bond,
C. B. heinhold, and tl. H. Rossi (submitted to Health Physics Journal, propar,.
April 1977).
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24 "'Jnflue;;co of'ose Pate
for Es'(.i!'.iat'broil of Ris s
draft of i.pril 5, 1976,

and LET Gn DQ:.o-Effoci Relations[I ~ p', Impl ice ilons
of Lo'~:-Level Il'!adi". ion, Report of HCRP SC,'0,
pages 1-5 and 116 151.

25. "A Proposal for-Pevision oi tf!e Oua? «y Factor,".??.?I. Rossi (Pre-print-
not'fyh. publicaiion) (1977).

26.

27.

.
~zs.

30.

31.

32.

33+

Lei'"er from R. J. ??attson, Acting Director, Sl<SS, SO,, to Karl R. Go>lor,
A.D. for Operating Reactors, Divisior, of Reactor Licensing, Subject:
Standard R~avimi Request "?leutron and Gas~!.a-Ray Flux-To-Dose-Rate Factors"
(September 24, 19/5).

lt

Letter with copy of DraFt ANSI V666, from R. G. ?iinogue, Director, Office
of Standards Deve?opment, to )is. Vary Crehan Vzca, Assi st"n'" 'rogra!n
Admin-strator - f/uclear; AVS:, Suo„'ect: ANSI tl666 (April 19, 1977).

fiemorandum from G. W. Zimmer, OHSB, Co R. G. Vrinogue, Director, Office of
Siandards Development, SubJect: t?eutron Exposure at Commercial Power
R actors (January 25, 19?b').

H morand;m! from G. ll. Zimmer, GHSB, SD, to Roger S. Boyd; Oir ctor, Division
Qf Project Hanagement 'Office of Nuclear P actor Regulation Subject:
Heutrof! Exposure at Co;,nercial Po;ler Reactors (Januar» 25, 1978).

PHL-;.~«<9/UC-40, Sixth ERDA tforkshop on Personn 1 tie~ t.on Dosimetry, July ll-l
1977, Oak Ridge, Tenn ssee.

Fina'. Draft, "Proposed AHSI Standard N323 Radiation Protec ion Instrumer,tati<
Test and Calibration" (Septemb r 1975 with July 1977 modifications).

Of!';:L-2159,"A Test of'he Pe, formance of Personnel Dosimeters," L. L. Hic!rois
(April 1977).

Drafc "Radiation Protection Eased on Risk—Ho ROE," T. D. Jones (19?7).

Preprint "Risk of Environmental Cancer Based on Cyiotoxicity," T. D. Jones,
et al.. (1977).
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0 UNITED STATES
NUCLEAR REGULATORY CQMi'fiISSIQN

lVASHINGTON,O. C. 2GSSS

HEiviORAI'lDUi1 FOR: Robert B. tlinogue, Director
gffice of,Standards Development

G. H. Zimmer, Occupational Health Standards BranchFROM:

THRU: R. E, Alexander, Chief, OHSB

I. C. Roberts, AD fot Site and Health Standards
R G Smit'tin D recto SHSSn, A g

SUBJECT: . 'EUTROH EXPOSURE AT COIb'IERCIAL PO':lER

R'EACTORS'ecently,

because of my work on the Health Physics Society Program
Committee, for which I am chairing' session at the forthcoming
Health Physics Society meeting on neutron measurement and dose
assessa:ent, it has come to my personal attention that personnel at
coaTIIercial power reactors are receiving some neutron exposure which
heretofore has been uhknown. Apparently these exposures have gone
unnoticed because of the inadequacy of the neutron measurement
techniques employed, and insufficient knowledge of this field.

In accordance with your December 14, 1977 aiemoJ andum (Subject: In-
forming Licensing Boards of Hew Information), I am subaIitting for
your consideration a m morandum (Enclosure 1) to the Director,
Division of Project: ttanagement, Office of Nuclear Reactor R gulation
calling this to his attenti'on. *

G. ll. Zimmer
Occupational Health Standards Branch

Enclosure:
As stated
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uiIITEDSTATES
t4UCC.EAR R GULATORYCOKlibllSSIOif

WAS HIM GTOi'I, O. C. 20555

MEHORAI'(OUil FOR: Roger S. Boyd', Director
Division of Project Management
Office of Nuclear Reactor Regulation

FROM:

THRU:

SUBJECT:

Glenn!l. Zilnrar
Occupational Heal th Standards Branch
Office of Standards Development

Robert B. Minogua, Director
Office of Standards Development

NEUTROi f EXPOSUR AT COl"?'IERG EAL PO':lER REACTORS

Recently it has corn to my personal attention that personnel at son
comliercial power reactors are receiving some neutron exposure which
heretofore has been unknown. Apparently these exposures have gone un-
noticed because of. the inadequacy o the neutron measurement techniques
employed, and insufficient knowledge of this field. I understand tlat
neutron exposur s of up to a faw hundred millirams in a relatively short
period of tilna (a faw hours or days) are possible (see attached Table I
and Table 2). Additionally, I understand from another source that
neutron fields or 25 kav neutrons superimposed on the I/e neutron spectrum
exist at a P!!R which is known about. Neutrons of this energy cannot be
measured by the NTA'ilm which E understand is in usa at that reactor.
l do not know if the tirre-controlled personnel neutron exposures at that
facility are b ing report d to NRC or not.

The significance of this, in my view, may be concern about the adequacy
of reactor shielding and th control of exposures to reactor operating
personnel. The previously unevaluated neutrons contribution to the total
dose equival nt may be significant, particularly if the current consider-
ation of the neutron quality factor results in the assignmant of higher
quality factors thereby causirg higher ram values.

Enclosures: Tables I and 2

glenn }t. Zir,: .J
Occupational Health Stand rds Branch
Office of Standards Development
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SPECIAL STUDY

SPECIAL PURPOSE BADGES AT A PWR SITE

0 I t tDII. '~tt| Ktl"

Table 1,

Thermal Neutrons Fast Neutrons - Dose - mrems

4.76E-l

4.45E+1

1,65E+2

1..42E+2

165.41,65E+2

1.42E+2

505

161'6.51.43E+3

5.37E+1

4.67E+2

4.93E+2

7.71E+2

1.06E+2

507

1.50E+0

5.60E+1

194.21.39E+2 1.39E+2516

1.33E+2 6561,33E+2517

5.53E+1

1.76E+2

4.72E+1

4.12E-l

4.92E-1

1.33E+2 1.33E+2 681.3518

2. 42E+22.42E+2 1189.0

4. 51E I 2 4.51E+2 604.2

1.36E+21.36E+2

1.31E+2

136.4609

'131. 51. 31E+2

1. 43E+2

643

645 1.43E+2 6.27E-2 '
143.06

(Note: P2, etc., type designation is the exponent for the factor of 10.)
I'he

above data is information that was passed on to me in 5 personal coneunication. It is understood that
the data as shown above for fast neutrons has not been corrected with a calibration factor. Because the
thermoluminescent closimeters 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. 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 nf 10 to obtain a total mrem dose. 'This is shown in Table 2.



Dosimeter LD No.

505

507

516

'' 2...517

519

520

609

643

645

Table 2

Corrected fast Neutron

0

143

5.3

46.7

49.3

77.1.

10.6

0

0

0

Total Neutron

187.5

6.8

102.7

104.6

253.1

57.8

.5

.06

. Dose - mrems

165.4

329,5

145. 8

235e7

237.6

495.1

508,8

136.4

131. 5

143.06

The corrected fast neutron was obtaiqed by decreasing the fast neutron listed ih Table 1 by a factor of 10.

The total'eutron Was obtained by adding the thermal neutrons listed in Table l to the corrected. fast neutrons.

The dose in mrems vms obtained by adding the penetrating and thermal neutrons from Table 1 to the corrected
fast neutrons from Table 2.



Preliminary Value-Impact Assessment for Task
Initiation to Develop a HRC Staff Techn cal Position

on Neutron Quality Factors

I. The Propcsed Action

*.

Develop the HRC Staff Position on the need to revise 10 CHL

Part 20 to reflect recent scientific findings advanced by
Dr. H. H. Rossi, and to assess related regulatory practicesif the hypotheses advanced by Dr. Rassi are valid. This
task does not include amend ent of the regulations if such
is warranted.

B. Heed for the Proposed Action

Dr. H. H. Rossi of Columbia University, u ilizing the pred'cted
dose to bone marrow developed by Dr. T. D. Jones (1) clzi s (2)
to have determined tha" -here is an-increase of leukemia at low
doses of neutrons, and recc e"ded an incre se in the qualf.ty
factor (Q) for neutrons, thereby reducing the allowable

exposure.'he

Office af Standards Development on June 21, 1976 estab~>'shed

. a"task group to review znd analyze Dr. Rossi's paper, and
recommend action. The task group repor (attachment 1) znd
supporting data (attachment 2) were revie'ed and the recammen-
dztian of the task grar a repo t that hRC "initiate a thorough
review, soliciting ccn-ents znd d'scussion fram others 'n the
scientific comunity to ar. ve at a valid decision, and recom-
mended action" .m concurred in by the Directe , Office o

Standards Development (attachment 3), who directed that activ-
ities to reach a concensus HRC stafr technical pos'cn be
initiated.

C. Need for NEPA Assessment

Mone.

II. Alternatives

A. Alternative actions are enumerzted under Tab 4 of attachment 1.

B. Alternative 6 has been judged vizo'e.

Probaale Vain /Im act of the Prnaosed Action

A prelminary Value/~~pact Appra'is" 1 is included under Tab S of
attachment l. Additional Value/Im'pact infoaztian 's enunciated
below.



NRC

The impact oa the NRC staff of this action will be the expendi-
ture of NRC resources to accomplish the task. This allocation
of resources is not preseaely incorporated in the OHSB ob)ec-.
tives and is not included in the SHSS five year plaa. It is
anticipated that due to'he comp'exity o the review and analysis*
the "accomplishment'of this task within the requested 6-month
time-frame wi11. cause a delay of iaitiat'on of some work within
OHSB. As an indication of the comp1exity, the NCRP 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 owa independent
Judgments, and taking action'accordingly to assure proper standards
for radiatioa protectioa of occupationally exposed workers and
the public.

B Other Government A encies aad Indust

This task willnot have any impact oa other goverrwent agencies
or industry. However, iz ehe result of this task is a finding
that Dr. Rossi is correct in ~hole or in part there. could be
impact upon other agencies.aad industry, i.e., more research oa
neutron dosimetry may be required, and those agencies and industries
that have personnel working with neutron producing equipment or
sources may need to revise eheir radiation protectioa programs or
install ad'ditional shieldiag, thus a greater e~eaditure of funds.
The value of this task to ocher agencies and industry is that they
can be assured that NRC is keeping its standards commensurate with
available scientific findings.

C. Public

The impact oz this proposed action on the public wou'd be the
expenditure of tax dollars to accomplish the cask. The va'ue of
his cask to the public is that they can be assured that NRC'is

keeping its standards commensurate with available scientific
findings.

Relationship to Other Existiag or Proposed Federal, Staee or Pascal
Regulations or Policies

E ected Conflict oi Conformance

It is not known whether or not other-Pede'ral, State or local
agencies are evaluating Dr. Rossi's work, as is intended by the
initiation of this task.

*
See attached Nemo.



V. Recommendation

It is recommended that tash initiation oK the proposed action be
approved.



4'EFERENCES

(1) T. 0. Jones, "Radiation Insult to the Active Bone Harrow as Predicted .

5y a Method of CHORD's," Oak Ridge National Laboratory Report ORNL-TH-
5337, 1976.

(2) Harald H. Rossi, "The Effects of Small Doses of Ionizing Radiation:
~ Fundamental Biophysical Characteristics," presented at the joint annual
meeting of the 'Health Physics Society/Radiation Research Society,
San Francisco, June 29, 1976.
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November 5, 2.976

~
1

Me. I. CD Roberts
~ ~

P

As requested, the attached represents my estimates of the ~act on
OHSB tasks and the resources required to accomplish. the Neutron Quality
Factor Task assigned to me. This information Xs not detailed in the
Task Enitiation as I did not know if«it was needed for concurrence by
other Offices or if it was for SD use in the decision process.

Justification for the amount of my time estimated to be required is that
due to the comjlexity of the task I do not believe it can be accomplished
in less than s&c months of essentia&y full time work. 'he NCRP has had,
two scientific committees working on this task for about 6 months and has

~ not yet reached the final decision. Thus it is estimated that to develoo
an independent '8RC position it is not unreasonable to plan on 1/2 of a

~ man year of effort on a task of this importance to radiological safety
plus the other associated resources est~ted on the attached.

. Respect fully,

Glenn W, Zimmer
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IMPACT ON OHSB TASKS AND ESTDfATE OP RESOURCES REQUIRED

Delay in initiation of the following OHSB tasks
OH 703-1 - Rule Change Eor Radiation Protection Instrumentation

. Test and Calibration
OH 702-1 — Inspection Exit Interview Rule Change

10 CPR Parts 30, 40, 50, 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 Naterial Licenses

of Broad Scope

Presently i.t is estimated that work can be completed on OHSB taskr

OH 610-4 .- Regulatory Guide for Licensing Laboratory Use of Small.
Quantities of Byproduct "~< terial ~

All of the above tasks are assigned to me, and it is estimated that the
Neutron Quality Factor Task assigned to,me vill require virtually full
time effort to complete the task within the sM month time frame.

Resource requireme ts. in addition to my time are as follows:
Contracts with consultants't an est~ted $ 100 per day

$10,000

Travel for discussions with experts and consultants
$5,000
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UNIT50 STATES
NUCLEAR REGuLATORY CorII.~ISSION

YIASHINCTON, O. C. 20555

Robert B. iinogue, Director
Office of Standards Development

REPORT OF iKRRON QUALITY FACTOR TASK GROUP

On June 21, 1976, the Office of Standards Development established a task
group to review and analyze a scientific paper by Dr. H. E. Rossi; Dr.
Rossi recommended a reduction in the allowable occupational neutron
exposure, by a factor of 10.

The task group has completed the assigned task, and the report, with
alternatives and recommended action is attached.

Glenn Q. Z
Chairman
Neutron ality. Factor Task Group

Enclosure
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NEUTRON QUALITY FACTOR TASK GROUP

Mr. Glenn M. Ztumer, Chairnan, SD

Dr. Allen Brodsky, SD

Dr. John Hehemfas, MR
t

Dr. Payne R. Hansen, HHSS

Dr. Shlcno S. Yaniv, RES

Mr. Levine.J. Cunningham, IE

Mr. Robert E. Baker, Consultant, SD

Dr. J. Kastner, Consultant, SD

~ ~



'OUTLIE

1. Revfew of HCRP recommendations to date

2. Origin of current NRC limits

3. Preliminary Analysis of Rossi's Presentation Regarding the Risks

of Neutron Radiation Exposure

~ 0

4. Alternative actions

5. Preliminary Value/epact Appraisal

6. Recommendation
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REVIEW OF NCRP RZCO~QKNDATXO'tS TO DATE

The principal recommendations of the NCRP with regard to neutzon exposures

have been contained in:

~ NCRP Report No. 20 (Handbook 63), "Protection Against Neutron

Radiation up to 30 Million Electron Volts", November 22, 1957;

~ NCRP Report Ho. 38, "Protection Against Heutzon Radiation",

Januazy 4, 1971

NQtP Report No. 20, Table 2, pages 15 (Enclosuze A), recommended paztic-

alar QF's (then tered "RBE") and naxinun permissible'neutron fluxes for

neutroh energy ranges up to 30 HeV., and reco~nded a QF value of 10, if
sufficiently detailed Infor~tion on neutron ener'gy is not available

En HCRP Report Ho. 38, Table 2, page 16 {Enclosure B), sane of these

QF's weze modified somewhat, although the recommend d value ~or situations

involving unknown energies renamed at 10. These are the cur."ent'HCRP

recommendations

With zegazd to linitations on whole body dose, HCRP representat'ves took

part in a meeting at Chalk River with their British and Canadian counterparts,

5
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September 29/30, 1949. At that meeting, it vas agreed to reduce the

then existtwg whole body dose, limit of O.l r/day'y a factor of about 2;

and to express it as a weekly limit of 0.3 r/week, vhich was re-affirmed

by HCRP Report 17 (Handbook 59), "Per&ssible Dose Prom External Sources

of Ionizing Radiation," September 24, 1954.. Hovever, in an insert to

accompany Handbook 59, dated January 8, 1957, and an Addendum dated Apzil

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

dose,. in effect a limit on avezage annual dose, set at 5 rems/year. This

is the current NCRP recommendations, zeaffirmed ~m NCRP Report No. 39,

"Basic Radiation Protection Criteria", January 15, 1971.



Enclosure "A."

Table'2. Maximum permissible neutron flux

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

Neutron
energy

100 mrems 300 mrems,

Hev
«2

n cm sec
-2

n cm sec

Thermal.
0.001...
.005...
~ 02o ~ ~ ~

~ lo ~ ~ oo
~ 5oo ~ ~ ~

loO ~ o ~ oo
'o5 ~ ~ ~ ~ ~

5 oO ~ ~ ~ o o

7o5 ~ ~ ~ ~ ~

10 ~ ~ o ~ ~ ~

10 to 30

3
2
2.5
5
8

10
10.5

8
7
7
6.5

~ ~ ~ ~ ~ o ~ ~ ~ ~ o ~ o o ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ ~

~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o ~ ~ o ~

~ ooo ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~

~ro ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ o ~ o ~ ~

~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o

o ~ ~ ~ ~ ~ o ~ ~ o ~ o ~ o ~ ~

~ ~ ~ ~ o o ~ o ~ o ~ o ~ ~ ~ ~

o ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ o o ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~

~ ', &70
500
570
280

80
30
18
20
18
17
17
10

',000~ 1,500
1,700

850
250

90
55
60

'55
50
50
30

Suggested limi.t.
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ENCLOSURE "B"

TABLE 2-Nean quality factors, QE; and values of neutron flux density vhich,
in a period of 40 hours, results in a maximum dose equivalent of
100 mrem.

Neutron Energy Neutron
Flux Density

MeV

2:5 x 10 (thermal)
lx10
lx10
1 x 10

~ 1 x 10

lx10
~
'1'x 10

lx10
5xlo'.5

5

7

10

20

40

60

1 x 10
2

2 x 10
2

3 x 10
2

4x102

2
~

2

2

2.5'.5

6.5

7.5

5.5

3.5
3.5

3.5

680

680

560

560

580

680

700

'7

19

20

16

17

17

12

11

10

11'4

13

11

10

mum value of QF in a 30-cm phantom.

7-N
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ORIG'P CU~~KNT NRC LVifITS

The principal provisions of the Co~ssion's radiation protection regulations

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

The Coun'.ssion implaaented tne recomnendations in NCRP Report 17 (Hand-

book 59) and NCRP Report 20 (Handbook 63) by including exactly the NCRP

values for QP and neutron flux in 520.4(d), see Enclosure "C", and

n'ncorporatingthe ne~ NCRP whole body dose recommendations in 520.101 (a)

and (b), see Enclosure "D", boch published in effective fom on September 9,

1960. The regulations have not.been amended to incorporate the current

NCRP neutron flux values published in NCRP Report No. 38.
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ENCLOSURE "C"

NEUTRON FLUX DOSE EQUIVAIMTS

. Neutzon energy (Hev)

Number of,
neutrons per
square cen-
timeter
equivalent
to a dose of 1
zem (neutzons/
cmZ)

Average
flux to
deliver 100-
miLLizem in
40 hours
(neutrons/

'cm~ per sec).

ermal I ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~Th

0;00010 I ~

00005 ~ ~ ~ ~

~ ~ I ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ I ~ ~

0
~ ~ I ~ 4 ~ ~ I ~ ~ 0 ~ ~ ~ ~ ~ ~

~ ~ I ~

I ~ ~ ~

~ 02 ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~0

0 I10 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ I ~ ~ ~ I ~

~ ~ ~ I ~ ~ ~

~ 50 ~ ~ I ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ I I ~ ~ ~ ~ ~ 00 ~ ~0

05 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I I ~ ~ ~ I ~ ~ ~2

~ 00 ~ I ~ ~ ~ ~ ~ I 0 ~ ~ ~ ~ ~ ~ ~ ~ I I ~ ~ ~ ~ ~ ~ ~5

~ 5 ~ 00 ~ I ~ ~ ~ I ~ 000 ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ I ~7

100 ~ I ~ ~ ~ ~ ~ 0 ~ I 0 ~ I ~ I ~ ~ ~ ~ ~ I ~ I ~ ~ ~ I

0 tO 300 ~ ~ 00 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ I ~1

~ 0 ~ ~ ~ ~ ~ ~ 000 ~ I ~ ~ ~ ~ ~ ~ ~ 0 ~ 100 ~ ~ 0%1

970 x 10
6.

720 x 10
6

820 x 10

400 x 106

120 x 10
6

43 x 10

26 x 10

29 x 10
6

26x 10
6

24 x 10

24 x LQ
6

14 x LO .

6

670

500

570

280

80

30

18

20

..18

17

17

10



ENCLOSURE "D"

520.101 Exposure af individuals to radiatian in restricted areas.

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

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

to cause any individual in a restricted area to receive in any period

of one calendar quarter f om radioactive a,t rial and other sources of

radiatian in the licensee's possession a dose in excess of the limits

specified in the following table:

Rems per calendar quarter

Whole body; head and trunk; active blood-forming organs; lens of

eyes; or gonads.......................... ..1-'/4

2 Bands and forearm; feet and acMes..........M-3/4

3 Skin of whale body,..........................7-1/2

(b) A licensee nay permit an individual in a restricted area to

receive a dose to the whole body greater than that permitted under

paragraph (a) of this section, provided:

(1) During any c lendar quarter the dose to the whole body fram

radioactive materia1.'and other sources of radiation in the licensee's

possession sh~ not exceed 3 res; and

(2) The dose ta the "hole body; -'hen added to the accumulated

occupatiana1 dose to the whole body, shall not exceed 5 (M-18) res



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

and

(3) The licensee has detemined the individual's accunulated

occupational dose to the whole body on Porn AEC-4, or on a clear and

. legible record containing all the infornation required in that Eorm;

and has otherwise conpplied with the requirenents of 520.102. As used

in paragraph (b), "Dose to the whole body" shaU. be deened to include

any dose to the whole body, gonads, active bloodforaing organs, head and

trunk, or lens of eye.



PRRLQQNKRy ANALySXS OF ROSSX'S PRESENTATION

REGARDXNG THE RXSKS OF NEUTRON RADXATXON EXPOSUR

Dr. Rossi shows in his paper and in his talk that the incideace of(1)

leukemia in Hiroshima appears to be linear with dose to bone narrow

(as now re-calculated as described ia anothe= paper by Jones ) and(2)

most of the incidence of leukemia at Hiroshima can be accouated for

by the higher biological effectiveness of the neutron exposure conponeat.

On the other hand, he points out that the (excess) leukenias in Nagasaki

were almost entirely due to gamma radiatioa, with a negligible neutron

component. A particular noa-paramtric stat'stical aaalysis published

by Kellerex and Rossi shows (according to Rossi) that the incidence of

leukead.a in Nagasaki is more likely to be a quadratic rather than linear

relatioaship, resulting primarily frau g~ exposure.

An initial ex~4tion of Rossi's pape indicates that the resulting

risk estimates fax neutroa i=.adi.atioa as based oa pxesent mthcds of

measuring neutroa exposure and leu~ incideace would not be much,

Herald H. Rossi, "The Effects of Small Doses of Xcaiz~mg Radiaticn:
Fundamental Biophysical Characteristics" presented at the )oint
annual meeting of the Health Physics SocietyfRadiat on Research.
Society, San Francisco, June 29, 1976.

T. D. Jones, "Radiation Insult to the Active Bone Mar cw as Predicted
by a Method of CHORD'S " Oa''dge National Laboratory Report OP%.-H~-
5337, 1976.
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different than originally estimated 20 or more years ago wnen the'.

occupational exposure limits were escablished, when proper correction

is made for the average depeh in bone marrow at which dose is defined

This impression is obtained from the following calculations. According

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

verba1. paper, the neutron and gamma-re3.aced leukemia incidence rates

obtained from the Hiroshima and Nagasaki.,data are fitted by Equations (1)

and (2), respectively: ~ ~

R~3xlO D
np

where R is the average number of leukemia cases per person-year,* and D

is in rads to ehe bone marrow calculated, as in the more recent sophisticated

computer program. 'or g~ radiacian Rossi fits che fol3.owing(2, 3)

relationship to the data'.

'G. D. Kerr and T. D. Jones, A Reanalysis af Leukemia Data on Atomic
131

Bomb Survivors Based on Esci ates of Absorbed Dose to Bane ~~craw
(Health Physics Division, Oak Ridge 'National Laboratory, Oak Ridge,
Til 37830), presented ae .the Twenty-First Annual Meeting of the
Health Physics Society, July 1, 1976.

*
~ f44The unit cases per person»year for R is used to mean that the caef c ent

(3 x 10 ) is co oe multiplied by dose. To obtain che totalperson-yr-rad
number of cases, R would be multiplied by che number of persons exposed,
and by che average nu=ber of years ae risk afcer exposure. To obtain
the average incidence of cases/year, R would be multiplied by the dose
and the population size.



R ~ 1.8 x 10 D
-8 2

Y
(2)

where D is the gamma dose at the mean bone marrow depeh in rads.
Y

If one assumes a quality factor of 10 for neutrons for occupant'ional

exposu"e, as assumed ia the NCRP'tands=ds chat are incorporated in 10

-6
CFR 20 (che former Handbook 63 values), one should use a factor of 3 x 10

(cases per person-rem-year. at risk) as a risk facto» in the first equation (1),

if D were to be expressed in rem, sit ce the risk is fixed by the actual
n

observed cases of leukemia. This factor of 3 x.10 is not very different

from the oLd factors of 1 to 2 x 10 /persoa-rem-year (PRY)+
-6

after exposure that we have used Eor about'20 years, since the rise in leukemia

at Hiroshima and Nagasaki vas first published ia Science in 1958. Tais

is particularly crue since Rossi has used dose estimates at a bone marrov

depth that includes recent calculaeicas of attenuation showing chat the

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

PRY means the r sk factor muse be cultiplied by the population size exposed
times che single dose in rem times the "years-ac-cisk" over ~&eh che given
disease may appear aEce" the exposures (and fo1.loving the latene period), in
order co obtain the tocal number of observed cases or leukemia (ia excess
of those naturally occuriag) .

The Biological Zffeces of Atomic Radiacioa NAS-NRC S~ry Reports (1960)

United Nacions Scientific Co~ittee on the Effects of Atomic Radiatioa.
Report. General Assembly, 19ch Session.Supplement No. 14 (A/5814), p.85, '9T4

International Commission on Radiological Protection. Publication 14.(6)
Radiosensitiviey aad Spatial Distribution of Dose, Oxford, Pergola
Press, 1969.

(7) The Bffects on Populations of Exposure to Lov Levels of Ioai wag Radiacioa,
BHIR Report, NM-NRC, (Nov. 1972).



-" ~body, and also about 1/4 of the neutron ke-"ma to a small volume of tissue

in free air. Pith this factor of 4 incorporated in the denominator of the

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

the risk factor in Equation (1) is some~hat higher than it used to be.

The exact derivation of Rossi's risk estimates thus bears further investi-

gation.

If we use the gamma dose at Nagasaki from the highest group (where most

of the earlier cases occurred), say about 100 rads, then the gamma risk

would also come out consistent with about a 2 x .10 risk factor appU.ed

2under the "linearity" assumption (with a D instead of D dependence).

Animal and. mi.cro-dosimetzic data may show that the neutron response is

more likely linear and that the g~ response is probably curvilinear,

and that the conclusions are probably well-founded regarding the increase

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

neutrons. On the other hand~ this increasing PBE at lover neutron doses

may be due to a comparison of the neutron risk with the much more rapidly

reduced risk as gamma exposures are lowered, rather than a risk of neutron

exposures higher than nad previously been asst=ed. This is another

question that should be further investigated and clarified.
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ALTERMTIVE ACTIONS

l. Do nothing.

~ 2. Wait for NCRP action to deternKne what action MRC should take.

3. Accept new analysis and issue a Rule Change.

4. Reject new analysis as not valid.

5. Publish a Notice of Conside ation oi Rule Change'nd solicit comments.

6.. Initiate a thorough review, soliciting. comments and discussion froa

h

others in the scientific cortsunity to arrive at a valid decision, and

recounended action.
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PRELDfiNARY VALUE/D ACT APPRAXSAL

The Nuclear Regulatory Commission as an independent agency should

keep abreast of current developments in the nuclear area, develop its
own independent Judgments, and take action accordingly. This being the

case, Alternatives 1 and 2 should not be considered as potential, solutions.

Due to the complexity, limited'ime allowable, and the lack of sufficient

confirmed information, it is not possible to make a valid scienti'f'ic

decision to accept or regect the new analysis at this time. Thus, A1.ter-

natives 3 and 4 should be eliminated from further considerat'ion. Th task

group is unanimous thar additional information must be gzthered, reviewed,

an'd discussions held with others in the scientific community to arrive at a

valid decision and to be aBle to.recocc.end action. Since a decision cannot

'be made at this time, it is considered unwise to issue a public Notice of

Consideration of Rule Change as this could create concern which might prove

to be unwzrranted. Thus, Alternative 6 is considered as the only viable

alternative until a thorough review can be completed.

A thorough review znd z~ysis is necessary to assure that valid

occupational radiation protection limits exist to protect workers and the

public. Although defM.tive data are not available it is est~ted that

there may be about 3000 workers in licensees'zciI.ities receiving some

neutron exposure, and the number of occupationally exposed i"dividuals in

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

tions for purposes of radiation protection mzy exceed 30,000 i dividuals.



Tt is not intended to fully assess the impact of decreasing the

allowable neutron exposure unless it is shorn that' reduction is

warranted.



RECO~iNDATiON

V

The Neutron QuaU.ty Factor Task Group recommends Chat Alternative 6

be selected as appropriate action. Due to the completed.ty of the review,

the following method would ensure thoroughness and reduce Che commitment

of resources needed to accomplish the task: assign an individual full
time to the review and use the Task Group as a review committee to assure

that technical questions/challenges w'ould not be overlooked. Et is

Centatively estfzmted that such a review could require 6 months and that

travel and use of consultants may be required.
r
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T c of Packlit

ACTIVITIES [Pi'DER NRC JURISDICTION

0 of Persons Under
NRC Jurisdiction With

Potential Neutron Exposure

~ Cf (Hosp. & Res. & Schools) (not counting252

~ negligible exposure to students)l.
Research Reactors2 '9 9 15 people ca.

Oil Well logging3
Accelerators4 81 9 10 people ea.

~ Fuel Pab and
. Reprocessing

400

585

200 Assuming 1 ic
sources are

810 then persona
exposure is
in bRC juris
ion.

Total nuaber of persons with potential neutron exposure 2745m3000
under AC jurisdiction.

ACTIVITIES tv'OT LED~2 '444RC JURISDICTION

Activity
0 of Persons vvith
Potential iteutron

Ex osure

ADA
Reactor
Fuel Pab ( 1/4 of total ~onitored)
Fuel Processing ( 1/2 of total monitored)
Accelerators
Weapons
Irradiat'on Facilities

2730
250
750

2382
7846'4

13982 14000

500
12000

1500

Total not u
14000 1400

ndcr HRC Jurisdiction 2SOC

DOD (Facilities not under %4'RC Lice"se)
Army
Navy
Air Force

Total »umber of Persons vith Potential Neutron Exposure "
310C
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This estimate was obtained froa the De=onstration Centers in Louisiana
aad San Diego California«Each cn~>cr eseiaatcd 100-300 individuals2~52receiving neutron e..posure from Cf . Therefoxe, the median esei ate
from each center was 200 individuals.

24 Theze are 70 research reactors in the United States. It is estimated
that 39 of them may have e'thar neutron beams or thea z" columns.
Further, it is 'assumed that there may be 3.5 pcop3.e occupationally
exposed due to their work, oz eheiz research. Al"hough there are
54 power reactors, 11 experimental reactors, 6 critical assemblies,
2 test reactors and 19 DOD reactors reviewed by,hRC, it is assumed
that neutron exposure would be minimal even ehough some occupationally
exposed personnel may enter containrene during operations.

3«

Q ~

5.

This estimate was obtained from the Radioisotopes Licensing Branch.

In 1964 chere were 224 accelerators in the U.S. The estimate is based
on 'the fact that some accelerators have ceased operation and others
have beea built; t¹refore, it is a umcd that ae lease 81 a"e in
existence that czn produ"e neutron exposure. Further, it "s

assumed.'hat

there are 10 operators aad/or exper- enters per r achine that could
be receiving some neutron exposure ehrough the sh:eld eg.

In 1975 there.were 5602 peool.e ehze received measurable occupational
exposure in these facilities. Currently there are probably less th"n
150 that receive ne tron ecposure as there is oa'y one plutonium
fzcilizy active. 'Zhe estate oz 750 is based on the assu peion that
other licensees may again become active.

6; This informzt'on was supplied by the Health.Protection Branch, Division
of Safety, Standards aad Co=pl.i"nce, znd represents personnel with
measurzb3. exposure, som oz which wzs ass'umed to be neutron.

7. Estimated numbers: Does noe include zny reacto" exposure«
«

i~ ~

~ ~
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14 reactor facilities reported terminations with the personnel exposures

shown by type of radiation.

207 people had neutron exposure.

Zf the quality factor ware raised by a factor of ten, than the

personnel exposure would be higher by a factor of ten and 6

people,would have had a quarterly exposure to neutrons of:
1

3.1 Rem
F 05 Rc'm

5.2 Rem
7.4 Rem

10.0 Rcm
10.5 'Rem

FABRICATION

5 facilities reported terminations with the exposures shown by type of .

radiation.

114 people terminated had only neutron exposure.

Total number term:nated by tha 5 facilitics va" 143 peoole.

If the quality factor vere raised by a factor of ten, then the

personnel uposu e .auld be higher by a factor of ten and 20

people would h vc had annual c~osures 'to neutrons of-

5.86 Rcm
6.69 Rem
7.32 Rcm
8.70 Rem
9.04 Rcm
9.13 Rcm
9.L4 Rcm
9.20 r,cm
9.51 Rcm.
9.78 Rcm

9.88
10.5
10.81
11.06
12.46
12. 61
13:72
19.20
22 '5
22,40

Rc
Rcm
Rcm
Rcm
Rcm
Rcm
Rcm
Rcm
Rcm
Rc=
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UNlTED STATQS
NUCLEAR REGULATORY COMMISStON

'WASHINCTaN. O. C. 20555

OCl' 2 gyp

Ehger J. Hattsan, Director
Division of Sitar'g, Health and

Safeguarcis Standards
Office of Stardards Developnent

REPORT OF NEIN QUArZTY FACKE TASK GROU

X have reviewed De August 20, 1976 report bv Glenn Zinmer ard the
Neutron Quality Factor Task Group. In addition I have st died
and discussed with R. E. Alexanier and Zinmer preliminary va'ue

'mpactinformation prepared by the Occupat'oral Health St@Bards
Branch concern~ pot atial neutroniexpasures in the United States.

I find this information sufficien~ basis to initiate activities to
reach a consensus NRC staff t ~maical cosition on the need ta revise
10 CFR Part 20 to reflect recent scientific fir8ings advanced by
Dr. H. H. Bassi (Alte native six of the Task Farce B port). Further,
although the niner of employees of NRC licensees expas& to neutrons
in their work is low ard the opposure levels are law, my d'scussian
with Alexarder and Zimar has irdicated to me that if the hs~theses
advanced by Dr. Bass'"e corre t, chases of a bro d na"ur ta
some of our regulato.r practices may well be i.dicatH. For example,
requirements ar2 pract'c s related to who should be maniweed,
techniaues of neutran dosimetry, stor~e ard hardling of neutron
dosim ters, operat'onal aM pro=dural controls ta reduce unnecessa y
neutron expasi. e, ard other similar factors may ne&.to be changed
whe"eI by current standards, present exposures are at de mm~imus levels
but would take an more significance if t¹ st>ards were mcdified by
a factor of 10. Pour work shouid be u~ertaken from this broaci
perspective ard nat soily as a potential charge in Part 20.

Please arrange for camrcement of this work within the other ongoirg
program.of your Division. The position should he develop wi&in
six months. I users='M &at this can. be acc~lished without
disruation of go is ard objectives o the oraoi~ program of the
Occupational H alth StaMa~rds Brarch.

pl~
Robert B. Hincgc~, Dir~tor .

Office of Standards Develop:ent

cc: Robert E. Alexmer
Glenn Zim:er
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a small target site or clust r of c lls wi.hin an organ such as the

mandible, or a center such as the cen ral nervous, or active bone

marrow system. For same effects, cells or sensitive sites within

cells may not be irradiated uniformly because of discrete energy loss

events an4 micradosimetric considerations (Rossi, 1975) may ba

desirable. On a more macroscopic scale, chronic ei ects. such as bone

sarcomas or even leukemia may, in some cases, be dir ctly related to

highly localized exposures such as usually encountered in 'radiotherapy

of tumors and the maximum absorbed dose at a particular site (mass of

a gram as opposed to an intercellular site} may be more meaningful

than the mean absorbed dose to the ccmplet active marrow syst m

(Wilson and Carruthers, 196Z A. R. Jones, 1975). Cetailed

distribution of photon dose to specific ac ive marrow regions for A-P,

P=A, rotational, and side (lateral} incidence hav been publ.ished and

should be readily applied to many situations of interest (Janes et

al., 1973; Cli ford and Facey, 1470).. For radiation pro c ion and

risk analyses from acute effects and those chronic effects where risk

is thought ta be proportional to the insult to the syste... such as

usually assumed ior leukemia, it is of.en not possible or desirable to

establish insult-response typ correlations on a microscopic level.

Therefore, it becomes nec ssary to assign a "mean" insult ar risk to

a non-uniformly irradiated "critical organ".

One approach to the dosimetry of a'on-uniformly irradia.e-

critical or"an, such as the red bone marrcw system, is to use a

probability density distribution of length, referred ta as a C."iORO

length dis ributiion. Any specific CHORQ ar p (-'l d Z distribution is
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CRITICAL HUt@it ORGAtl RADIATION OOSIHETRY FOR THE

ACTIYE SOHE VSRROW*

~ ~

Abstract

Critical Human Organ Radiation Dosimetry (CHORO) probability

density functions for A-P, P-A, bilat ral, rotational, and isotropic

incidence, plus simple depth-dose data, permit the rapid estimation of

the radiation insult to the active red bone rarrcw system af the ICRP

Reference Man. The CHORD concept" follows the variatians in the

microscopic processes of absorption, attenuation, 'and scattering on a

macroscopic level so that it is not necessary tc attemp detailed

calculatiops for each and erery case of inter st. Similar techniques

have been applied to reactor criticality calculations and the general

logic of the CHORD process can be applied ta any cause-respanse type

situation ~hich can be described in terms af variation with distance

in the medium of interest. Doses to active bane marrcw from exposures

to photans and neutrons are presented and excellent agreement was

found with the few available experimental r suits.

Introduction to the CHORD Concept

Mhen a bioorganism is subjected to a radiation environment, a

critical organ or region of greatest risk usually is irradiated non-
1

uniformly if the I near dimensions of the critical organ are not small
~ ~

or the depth of the critical organ within he bicorc nism is nct large

compared with the mean-free pathlengths of the irrzdiatirg particles.

Radiaticn insult specif c analyses are usually based cn dose tc c lls,
I

*Research sponsared by the Energy Research ard Development Adminis .a-
tion under contract with Unicn Carbide Corporation.

V
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obtained by assuming that the critical organ is simply a volume of

constant. density, and for each di, ferential unit of mass dm, chosen by

Honte . Carlo techniques, the minimum distance L to the closest

irradiated air-tissue interface is uriquely determined. This process

is continued until p (4} dZ .is well known statistica1ly. Chord

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

e.g., the skin; however, in this paper CHORO is an acronym derived

from Critical Human Organ Radiation Oosim try and represents only a

specific portion of a "true Chord". The CHORO concept is il1ustrated

in Figure I and the CHORO or pe d4 distribution provides

"weighting" factors for an integration over a specific insult such 'as

a "multicollision" depth-dose curve or the source g come try o f

interes t.
CHORO Aoolic tions to Red Sane t!arrow

Figure 2 illustrates the distrib~tion of the active red bone

marrow in the normal adul and th corresponding analog for our Nonte

Carlo transport code. In the adult refer nce man (IC.".cP, 1975) ther

are 15OO grams of active red marrow and 1500 grams o yellow marrow,

which are predominat ly fat cells. . Inactive yellow marrow may be

transformed quickly into active marrow by a stimulus such as bleeding

or infection; yellow marrow in bone sha ts is known to contain scm

active cells but, in gereral, the proportion o active cells in adult

yellow marrow is usually considered o be small (Spiers, Ig="o). :nus,

for most situations o interest, only the red marrow receives maJor

cons',deration.
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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

radiation sickness stemning from whole body irradiation because it
occurs at much lower levels (Facey, 1968; MaId, 1975) than death . or

incapacitation due to radiation damage . of the gut mucosa or the

central nervous system. For sublethal criticality accident. exposure

levels, levels of interest in radiation protection, and population

exposure levels, the most demanding recommendations of the ?CRP (1964)

relate to the maximum permissible doses to the gonads and'he blood-t
forming organs. In radiation protection, the testes are usual ly
considered to be the critical organ of primary interest because of

their shallow location and because of the difficultyof estimating the

bone marrow insult; however; if the exposure level subjects an

individual to considerable risk, then an estimation 'of the insult to

his active marrow system could be advantageous for deter iining what

medical treatmen" should be administered promptly (Maid, 1975).

The dose at a penetration depth or 5 cm is often chosen to

describe the insult to the red bone marrow; however, for photon

irradiation the "5 cn rule" is often in error by a factor of ~o and

is expected to be even worse for neutron irradiation. Ti is

skeletal dis ribution shown in Figure 2 illustrates

general, no specific depth can be applied for

the fact that, in

dir erent expcsur

approximation tends to retain popularity in spit of its inaccuracy,

because the red marrow is distributed widely in the skeleton. The
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'-'eometries and different irradiating particles or even different

energies of particles having the same nature.

Fat.-internal dosimetry, especially for radionuclid s deposi.ed in

or near the skeleton, a precise calculational analog of the active

marrow system requires sonic postu1ations about .cavity siz variation

and the distribution of these marrow cavi"i s within the sk I ton.

However, for most situations of'xt mal exposure, the active marro|tl

may be assumed to be uniformly deposited in certain regions of the

skeleton. This simplification is possible bec use =or ex ernal

exposure, distance versus insult (dose) var ation is much less than

for internal radionuclide deposition where the insult (dose) usually
'

varies even more rapidly than invers ly with the square of the

distance-. -There are two opposing effects that also influence the

photon absorbed dose o marrow<. These e feces are the increased

shielding by the bone structure and the enharc .ent of dose near the

higher atomic number bone tissue (Spiers, lg66; Milson and Carruthers,

1962). As'demonstrated - later, the net influenc of these ooposing

effects is usuaIIy consider d to be small - for external exposure

although such" is rot always the case or. in arnal emitters.

CHORO Oistribution and i'darrow Gases

~ Figure 3 and Table 1 present CH

marrow. in the Reference Pan Phantom

aPO density unc ions for active

(TCRP, 197') for A-P, P-A,

bilateral, rotational, ard isotropic exposure.

the CHGRO concept and the general convexness of the

"u to the nature of

Referenc i'tan

Phantom, there is no differ ent;a -;on be"; een 2-., and 4~ CHORO

dis ribu ions; however, depth-dose c;rv s wiII r fleet the different
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Table 1'HORC p(QM Values for Active i'larrow in Reference Ban.

8 (cm) Ro~Qonal A.P cv'-h cv Bhtetai cv Isouogic cv

0-03
05-1

1-2
'-3

3W
4-5
5-6
6-7

~ 7~
8-9
9-10

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-19
29-30
30-31
31-32
32-33
.33-34
34-35
35-36
36-37
37-38
38-39
39~0

.00515
J)175
J)608
.0508
.0465
J)505
.0662
J)744
J)705
.0703
J) 603
.0482
J)380
.0311
.0292
.0282
.0258
J)285
.0283
J)237
J)24.1

J)218
.0169
J)13$
J)0985
JM&66
J)0787
J)0672
J)0699
J)0$ 4S
.00562
J)0385
80276
.00194
J)0170
20147
J)0184
.00126
J)0164
J)00988
J)00341

6
3.

2

J)0626
J)157
.0412
J)36L
.0340
J)442

2

3

3
'3

3
3

3
3

4
4

.0738

.0641
J)$ 22
J)364
J)292
J)$ 49
J) 6$ 8
J) 67$
J) 643
.0492
J)231
J)159

5
6
6
7
7

11

13
14

14
16
14

19

32

2 .0730
2 J)7&2

J)748

3 .00718
2 J)252
2 J)716
2 .0791
2 J)850
2 J07

.126

.109
I J)&06
I J)756
I .0626
I J)440
2 J)207
2 J)127
I .0121

J)119
I J)123
l. J)129
I J)130
2 .0154
3 .0168

3 0.0138
I J)420
I JIS
I J14
I JIO
I -J33I'73
I J60
1 J)966
I J)359.
I J)0688
2
2'

3

3

3

3
3
3

~ ~

2 J)231
I J)658 2
I . JS4 2
I .126 2
I J)944 2
I J52 2
I J79 2
I J36 2
I J)586 2
2 ')105 ~ 6
4

~ Cocfncicn! of n:iation in ~m;"-wc.

) p
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exposure geometries. The peak at 2 cm for rotational and isotropic

exposure is due to the shorter penetration distances to the side ribs

and upper arm bones while the more important peak at abou 6 cm is

predominantly from the vertebrae and pelvis. The CHORO distributions

are influenced strongly by the pelvic region and the thoracic

vertebrae which contain about 365 and 28."., respectively, of the total

active marrow. In Figure 3, 4 varies to 40 cm for rotational

exposure because it was assumed that rotational CHGRO dose estimates

Mill be obtained from broad beam depth-dose data. For bilat ral and

isotropic exposures, ~ varies to 10 cm because depth-dose data is
f

expected to be related to the minimum distance to . the closest

irradiated surface.

The CHORO distributions from Figure 3 were used in conjunction

with depth-dose curves"(se Figure 1) according to

red marrow

to . the active marrow as predic ed by the CHORO concept is shown in

results are not shownFigur 4; however, bilateral and row-iona1

because o close agreement with the results for A-P exposure.

because all CHORO distributions were nor."..alized to unity. photon dos

Figure 5 provides active

front of the chest'or A-P

marrow dose relatire to exposure at the

incidence. Alun Jones'xperimental

results (1g54) are included and the mean devia ion between the two

methods is only 6 to 1.25 aMe'I which is high into .he Compton range

1
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shown in Figure 6. Figure 6 is in end d to serve as a guideline for

applications of the method of CHOROs to critical regions in or ne r
bone tissue. Kxperim ntal resul ts wer e not availabl e or higher

energies. Column 4 in Table 2 repres nts estimates from the CHORO

method'nd column 5 is from our Honte Carlo transport code (Jones, et

al., 1973). These values shown in column 5 were calculated at the

tim of the cited reference but hav not been published previously in

this form. The Honte Carlo results show excellent agreement in the

photoelectric region (se Figure 6) but seem to became increasirgly

inaccurate in the Comptcn region. Tgis unexpect d cl aract ristic
of'he

Honte Carlo resul s defies explanation at this time but th effect

will be investiga ed.

The igmor tant practic 1 case of dose .o

broad beam incidenc cn a constantly rotating

Figure 7. Experimen al resul s from Wilson

Alun Jones (1964), and Facey (i968) may

disfigura icns due 'o replotting, but all

the ac ive marrcw fram

phantcm is shown in

and Carruthers (1952),

have suffered slight .

appear to have been

normalized to'he same ordinate at 2":0 keV." Huch concern has been.

expressed (Facey 1968) abou" whether marrow dose aer uni expcsur

should incr ase monotcnically with en rgy as noted by Wilson and

Carruthers (1962) or whether i shculd pe k at about 'GO koV as not d

by Alun Janes (i964) The di ferent shapes have been ccnsi"ared due

to energy degradation within tie phantom and the fact that the

detector systems of Alun Jones (1964) and Wilson and Carruthers had ~

energy dependerces in opposi te directions (Facey, 1968) .
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the Chest.

f"ENERGY

50 KEY

100

660

j.,25 HEY

0
(NARBOH)

2/0

, l{2

2,7

g+
(CHEST)..

,Lja

,57

CHORD

,75

,86

'/D
NONTE CARLO

.07

,50

-i0
10 RADS/FLUENCE PHOTON

A ~

T, D, JONES, I{EALTH PHYSICS;.1975, YOL; 20, P, 2t{8,

CALCULATED AT TINE OF HEALTH PHYSICS, VOL, 2t{, P, 208, 1975, HUT

UNPUBLISIIED,
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At this time, it se ms more probable that the dif erent shapes

are due primarily ta the fact tha if one considers the shape of the.

curve describing the ratio oi the photon fluence per uni exposure as

a function of photon energv (Rad. Health Hbk, 1970; Fair, 1957) then

the dose. response curve must have a shape that peaks about 100 keV

because the fluence per unit exposure varies more rapidly with energy

than does the absorbed dose to the marrow, and secondarily to the fact

that Wilson and Carruthers assumed that 60" of the active marrow

received a dose similar to that measured in he thoracic vertebrae and

40™~ received a dose similar to that measured in the sternum*. The

CHORD doses are in excellent agre m nt with Facey's results.(1968),

except for a co'nsistent 12 overestimation. This deviation is

attributed to the facts that (a) 13.1" of the active marrow is in the

skull {see Figure 2) which Facey did not include, (b) experim ntal

results from Facey . appear tc have been normalized to dther

experimental results at 250 keY, (c) experimentally cbtained doses to

the active marrow system necessitate the assumption of an "effectire

mass center" or each important marro~ region (Clifford and Facey,

1970)*~, and (d) the CHORD estimate did not allcw for increased

attenuation by bene tissue shielding the marrcw. As seen in Figuro 5,

*
J 4 4This method of averaginc would tend to underestimate dose at lower

energies because as Fac y (1968) points out, the "pelvis dcminat s
dose at higher energies follcwed bv the thoracic vertebrae and sac-
rum down to 30 keY. There he ribs enter second place and below 30
keV the ribs dcminate." Eacey (1968) ztterp.ed to resolve difficulties
in the rotational case and his r suits are shown in Figure 7.

~For precision, ti:is "e=,ective mass center" would have to be "weighed"
prcporticnally to dose variations in the local volume of inrerest;
however, most experimen ers appear o have used the mass centrcid.



this effect is not large except for extremely Iow energies. At the

low energies, dose to the shallow marrow beccmes increasingly

important, as is shown by the rapid attenuation of dose as a fane ian

of depth, and mast experimental results are expected to be somewhat

low because of the method of averaging... CHORO dose values were

normalized per unit exposure according to the Pad. Heal h Hdbk.

(1970)* . In spite of factors a, b, c, and d, excellent agreem nt 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 the dose to the active marrow for exposure to monoenergetic

photons, suggests that if one is concerned only about. protection of

his bone marrow, he should not do the instinctive thing and turn his

back, but instead should face the hazard while backing away. The sam
r~

effect was- also observed by Piesch (1968) and halds fcr the neutron

data" in Table 3 which illustrates dase to the active marrow -rcm

exposure to monoenergetic neu.rcns. Scm o the data in Table 3 are

'lotted in Figure 8 for ease of appIication. Bilateral and rotatianal

resul ts ar no

with the results

shown in Figure 8 because o their clos agreement

far A-P exposure. Absorbed dose frcm neo .ron

produced recoil icns is usually characterized by the hydrcg n atcmic

density, because abau- 7G".. of the absorbed dose is due to inter c"ians

with hydrogen atoms for neutron energies belcw 14 l!o'l (Aux'.er, 1968;

Jones, 1974). Standard soft muscle tissue contains abou IQ" by

Poston's canversian values of fluence per unit exposure for the Ref-
erence i'tan tissue ccmposition are, fcr all practica1 purposes, equal
to those in the Rad. Health Handbook.



Table 3; Dose to Active Harrow from Neutron Produced Recoil Ions
as Predicted by CHORD Di'stributions.

. ENERGY.
FREE-SPACE

KERHA' A"P BILATERAL ROTATIONAL ISOTROP IC

,0?5 EV

1 KcV

10 KcV

100 KcV

1 HEY

2.5 HEY

ltl t1cY

21
.l. 0

10,

70,

230,

300.

690,

2,1

33
l,l

12,

110,

2~F0.

590,

7.0

67,

180,

520,

9, li

7~>,

15n,

920,

1,2 ',l
2 '

.
2 1

2,.6 2,6

1,6

2,3

2,8

75,

190.

5~F0.

.70

1,1

1,6

5,t~

07.

89,

530, .

k
x 10 . ERGs/(GRAN-FLUEHcE NEUTR0N)

""
x 10 RAns/FLUENcE NculRoN
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weight hydrogen and,has a specific gravity of unity, while bone tissue

contains about one-half the weight percentage of hydrogen as does

muscle tissue but has about twice the speci ic gravity of muscle

tissue so that the hydrogen atomic density is not very different for

the two types of biological tissue. Lung tissue has a specific

gravity of only about 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/cm is less than the other

portion of the ray of travel tha't passes through a sec"ion of the

lungs. Based on depth-dose cur ves from some of'ur previous

calculations (Jones e't al., 1973), it is believed that mos regions of

variable . specific gravity do no" significantly influence th

application of the method of CHORQs, unless one is specifically

interested in dose to a volume of lung tissue.
I

Other. CHORO Aool ications
4

Figure 9 illustr'at s a proposed dosimeter or "risk.-„eter" in which

the relative settings o the outer two dials select the appropriate

CHORO distribution and the inner .wo dials select the insult (depth-

dose) curve for the energy and type of ircident radiation. Alun Jones

(1966) suggested that dosimetry should be aporoached by matching

variations 'in dose or risk with scattering, absorb ion, and

. attenuation; however, the CHORO method seems to permit his same

precision of matching variability on a simplified macroscopic level.

Hopefully a schema such as incor"orated irto Figure 9 would

render the absorbed dose index, 0 <, and dose equival nt in" x, H <. or

~ l'
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the standard ICRU 30 cm sphere (IC?U, 1971) even less useful than it
already is, because by using CHORO density functions plus standard

insult (multicollision depth-dosa) curves, a health physicist or

medical technician could easily and quickly estimate exposure values

to any biological tissue at risk. It is also becoming apparent that
0

pi gni ficant cal cul a tional and experimen al efforts wi1 1 soon be

directed to the estimation of tissue risk - du to microwave

irradiatlons and the availability of p(Z} dL distributions should ba

helpful.

Conclusions

in sugary, the method o C:-.'Q."-.Os permits rapid "critical organ"

dose estimation and helps to circumvent some
'I

relating organ dose or risk to readings from m i rs

oi t:he probl ems of

or film badges.

A personal dosimeiar measures exposure at the surface of the chest;

the measured exposure corresponds neither to the

space nor to the organ or. whole body dose

determine only free space exposure (Piesch, ~967).

exposure in fraa

Alon Jones (~966,

and area dosimeiars

1964) pointed out thai a survey mater or personal dosimeter may

overestimate ihe insult to iha aciive marrow by a factor of IO or

underestimate by a facior'r 6. In spatially caper. dani radi"ion

fields, or for exposure io broad beam sources having an orientation

other than A-P, it is usual',y very difficult io h va an accur t risk

estimate because of normaliza icn to an inaccurate or sh'elda-. read>ng

taken ai the location Gf ti e chesi.
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Rossi, H.H. The Effects of Small Ooses of Ionizing Radiation:
Fundamental Biophysical Characteristics. Radiat. Res.

ABSTRACT

s of microdosimetr to a wideFrom an appltcat>on of the concept

range of radiobiological data on higher organisms, it has become apparent

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

induction of subcellular lesions. Two basic characteristics of this process

arethat it depends only on the first and (sometimes) the second power of the

sensitivity. These observations have led to the formulation of the Theory
/

of Oual Radiation Action which postulates that the yield of these lesions

depends on the square of the specific energy in domains having an effective

diameter which differs from 1 ym by much less than an order o magnitude.

It has furthermore been deduced that lesions are produced by the inter-

action of pairs of sublesions which are presumed tb be alterations in DNA

structure at the nanometer level.

absorbed dose and that the yield of such lesions as we'l as. the magnitude of
I

the domain where energy concentration determines the yield of lesions is re-

latively constant even for cells and effects that differ greatly in'adio-

There remain many questions regarding the quantitative relation

of lesion production to cellular injury and the dependence of multicellular

responses on cellular impairment. Mhile these uncertainties make it fre-

~ quently impossible to derive. explicit dose-effect relations, the existing

framework permits a variety of general conclusions and it may be utiliz d

to obtain specific answers in some cases.

An .important example are risk estimates sor the induction of

human leukemia by neu.rons. It is concluded that maximum pemissible

neutron doses must be reduced.

Key phrases: Theoretical radiobioloo~; Radiation prot ction; Risk estimates.
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The ultimate objective of radiobiology must certainly be the 'identi-

fication'of the intracellular a'nd iniercellular alterations tfjat are initiated

by ionizing radiation and progress to manifest injury. At present we are still
far '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 studies of the action of other carcinogens and biological

advances in general may well be'important to the achievement of greater

insight into the cancer problem, radiobiology has the decided advantage

that it, can apply an effective agent to the genetic apparatus direct1y and

accurately. This permits quantitative experimentation which is best carried

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

The Dose-Effect Relation

~ . An .important intermediate goal of theoretical radiobiology would
2

~ seem to be the establishment of the relations between dose and effect'which

can not only furnish clues regarding the natu're - and especially the kinetics-

of radiobiological effects. but also constitute the principa'1 objective of

radiation protec ion. In either application the. precise values of the

relation ar of lesser importanc than the shape of the dose-effect curve

, particularly at low values of the dose where ex rapolations.ar of consider-

able scientific and pragmatic importance.

The shape of the dose-effec curve For individual cells can be

stated with a certainty that increases with decreasing dose: Et'must

ultimately become linea~ regardless of the energetics of cell inactivation

and regardless of variations in sensitivity of the individual cells in the

irradiated population. This conc1usion follows from the simple fact that



. ~
at sufficiently low doses the traversal of a cell by a charged particle is a

rare event and the probability of mul tiple traversals is negligible. Under

these conditions the dose-effect relation must be linear and any effect under

consideration must occur with a probability which is in turn the product

of the probability that a particle causes the effect and the probability

that a cell is traversed by a particle at the dose under consideration. This

statement can be'rmally supported by a very general proof (I) and micro-

dosimetric data (2) may be used to determine traversal frequencies. It can

be shown that the linear dependence must for low LET radiation extend up to

doses of at least a few hundred millirads. For neutrons of moderate energy

this limit is of the order of tens of rads.

These considerations can be applied only to tnose biological ef,ects

which arise from individual non-interacting cells. Thus if carcinogenesis

were'to require the transformation'of a group of contiguous cells (3), one .

would expect a dose-ei feet curve exhibiting a posi.ive curvature. While this

does not seem to have been extablished at low doses, the reverse condition of

negative curvature has been clearly d,.onstrated for the induc ion of mammary

neoplasms in the Sprague-Oawley 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 cells. Although

the argument ~plied above to single cells can be extended to whatever group

of cells might be involved, it loses its practical significance. if this group

co~'ses more than a few cells since extremely minute doses are required to

limit the collective traversal probabili.ty for all cells to a value that is

much less than one.



The Dose-RBE Relation

Although collective effects on cells can thus affect the shape of .

dose-effect curve they are far less likely to influence the dose-RBE curve

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

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

this is presumably that the interaction between cells is the same regardless

of radiation quality and that even in complex systems the dependence of RBE

on dose primarily reflects differences between the radiations under compari-

son in their kineiics of the impairment of individual constituent cells.

. Figure la shows the dependence of RBE on the dose of 0.43 HeV
t

neutrons for the mammary neoplasms in the Sprague Oawley rat. The bars

cover RBE values that are excluded with 99" confidence. (The arrowheads

correspond to lesser levels of confidence). Figure lb shows the dose-

RBE relation Tor the same radiation but for opacification of the murine

lens over a thousand-fold range of dose-(5). .The statistical analysis

employs non-parametric methods developed by Kellerer and Brenot (6).

In either case the RBE 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 o 100. This indicates that the biological

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

Figure 2 contains the curves in Figur'e 1 as we11 as others which

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

dered to be of sufficient accuracy (of the order of perhaps - 30"). The

radiations are 0.43 MeY reotrons and "fission neutrons.". The latter

classification is not very specific since the enero~ spectrum of the

neutrons reaching the biological material must depend on yapiable and
~ ~
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often'ncertain moderation of .the primary fission spectrum. A calculation

of. the dose mean lineal'energy {y in a 2 'ym tissue .sphere)'ndicates a
~ ~

value of 65.$ KeY/pm for the spectrum in a reactor irradiation facility
utilizing a moderated converter'; This particular value differs little

~ from that for Oe43 HeV neutrons which is 60.5 KeY/gm {7).

All of'he curves in Fig. 2 exhibit the characteristic slope of

-I/2 although two indicate constant: RSE at lower doses. Curve 2, which

represent's a somatic plant mutation, 'levels out ne'ar the value postulated

by an elementary application of the th'eory of dual radiation action (8).

Higher RBE values may be due to differences in the yield-of sublesions (9)

while possible levelling at lower RSE values as suggested by curve 3, which

relates to survival of cells in tissue culture (10) could be caused by a

linear component of radiation action (2). The other curves show no evi-

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

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

rations in human Iymphocytes (11), (12).. The. former determination (curve

4) eas in vitro at a reactor source the .latte'r is based on iat efrects

in atomic bomb survivors (curve 5). The RBE values are-similar. - There is

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

various systems.

Princi al Postulates .

The 'above considerations may be sumnarized as follows:

1) It can be showy. on the basis of clem ntary microdosimetric

considerations that, at extremely Iow doses, the direct effect of ionizing

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

probability that' single charged particle affects the. c 11.. It has been

observed that this probability di fers between Iow Lc,i radiation'nd neutrons
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'aving. energies of the order of a few hundred KeY by a factor that is larger

than 10 and can exceed 100.

2) At intermediat doses, the RBE declines because the effective-

ness of low LET radiation increases as the square of the dose.

. 3) The dose-effect relation for cell systems can not be deduced

from microdosimetric considerations but the dose-R8E relation may be expected

. to be the same as that- for individual cells.'

These postulates. are insufficient to furnish general answers to

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

„ to epidemiological data, they yield significant information.
' lication to Radiation Leukemo enesis

One of the principal late radiation effects is leukemia which occurs

with clearly increased incidence in the heavily irradiated population groups

in Nagasaki and Hiroshima. Mhile in the former city, the radiation consisted

almost exclusively of gamma radiation, there was a substantial component of

neutrons in the latter.
s

e' Fig. 3 shoes the 1ogarttlim of incidence aver the period fram 1ggg--
~ !, ~f- l

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

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

total tissue kerma (gamma plus neutron) in free air. The uncertainty is such

that in either case, a linear relation (i.e. a'line of slope 1) can not be

rejected (14).

Tn an application of the non-parametric method illustrated in Fig. 1,

it could be shown (15) that'a constant ratio of biological effectiveness (as

based on total karma) could be rejected at a significance level of 86" and it
was concluded that the Japanese leukemia data do not constitute an exception

to the general postulate 3) given above.

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



had approximately the same Ieukemogenic potential as 70 rad at Nagasaki.
I

The RBE of'eutrons relative to gammia rays is much larger because at

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

addition, the body tissues surrounding active marrow attenuate neutrons

more effectively than gamma radiation, the factors being 0.26 and O.S5 .

(16). It follows that. if the dose 'to the bone marrow"is about O.S rad

of neutrons and about 4 rad of'onna rays,.the same. leukemia incidence

results as from a ganja dose of about 35 rad. Even if,a linear dose-

effect relation is attributed to.'gamma radiation, i~ is apparent that at

low doses, the Ieukemogenic ef ect in Hiroshima was almost entirely due

to neutrons.

Further study has indicated (15) that if the dose-effect curve

consists of a linear and a.quadratic term, the. form r is negligible for

gama radiation'nd the latter is- negligible for neutrons .On the basis
4

of this finding, it.has been concIuded,that if On and OY are re'spectively

the mean doses of neutrons and gatrna rays to the bone. marrow, the annual

incidence of Ieukemia (as .averaged. over 16 years) i,s about. 5..x 10 O

and 1.8 x 10 0 for intervals. of .0.5 to'10 rads:of Oh and Z.5 to 50 of
Y

O . These relations. are plotted in Fig; 4 and the.corresponding. RBE re-
Y

lation is curve 6 in Fig..Z'.. The. latter appears to be a continuation ol

the line for chromosome aberrations.

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

yields 3 x 10 D for the neutron. curve. ~ However, the difference is al-
n

'ostentirely due to the'onger averaging period..

Also shown in Fig. 4 are the spontaneous, leukemia rates at the

two cities and the maximum pemissible. average annual occupational dose

(HPO) for neutron and gamma radiation. If - in. line with current thinking-
b



i'~t is assumed that, at least at

'eutron dose'ate on biological

tional MPD of neutrons will for

Iow doses, there is little effect qf
effect it becomes apparent that one occupa-

'some.l6 years result in a risk rate that

is essentially equal to the natural rate. This seems excessive and a sharp

reduction of the HPD for neutrons se ms indicated. This might best be

accomplished by an .increase of the quality factor (g) On the other hand.

no changes seem necessary for the MPD of low LET ra'diation which is of far

greater practical impartance.

It will be noted that Fig. 4 applies 'to the dose in the bone

marrow. If limits are applied on the basis of kerma or of the absorbed

dose index, a safety factor of the order of 4 applies.

Conclusions

Both theoretical radiobiology and radiation epidemiology are

'eset by limitations; the former because of the uncertain generalizations

which are the essence of 'induction; and the latter because of the possi-

bility of uncontrolled variables and dosimetry errors. These concerns

must be markedly reduced if theory and observation yield concordant results.

The validity of the 'least square fit to the epidemiological data scans more

assured because it results in a dose-PSE relation that is simi1ar to that

observed in all other systems subjected to anaIysis, and'.the accuracy of
il

dosimetry seems to be danons rated by the fact. that the absolute value of

the curve parameters is also close to that for the other systems. I

seems likely that fundamental biophysical considerations will thus continue

to be of practical utility in addition to providing the basis for our com-

prehension of radiobiological m chanisms.
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FOOTNOTES
~ ~

~ ~

'. Presentated at the joint meeti'ng o'f the Radiqtion Research

Society and the Health Physics Society, San Francisco, 1976.

This investigation was supported by Contract E(ll-1)3243 from

the Energy Research and Development Administration and Grants

CA 12536 -and CA 15307, awarded by the National Cancer Institute,

DHBI-

2. Throughout this presentation the shorter term "dose replaces

the more accurate "absorbed dose."

~ 3. Teedla, Preter: unpublished data'

~

4. In the following "kerma" will, for brevity's sake, replace

"tissue kerma in free air."
I
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LEGENOS TO FIGURES

1 \

~Fi . 'I 'Logarithmic representation of RBE of 0.43 Meg neutrons

relative to x»rays vs. neutron dose. The bars represent

RBE values. excluded with'5-99» confidence by a non-para-

metric analysis (6).

~FI . Ia Induction of mamaary neopIasms in the rat

~Fi . Ih Opacification of the murine Iens.

Ffcf. 2 Logarithmic representation pf RBE us. neutron dose 0.43

HeV neutrons and "fission" neutrons for a variety of

effects. For details, see t xt.

~fcf,3

~ r

Incidence of all types of leukemia for the period 1950-

1966 in Hiroshima and Nagasaki vs'. total kerma (13).
e

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

~Fi . 4 Annual incidence of leukemiaa vs. absorbed dose to.the

bone marrow as deduced from the Japanese data. - The

graph also shows the "natural" incidence at Hiroshima

and Nagasaki and the maximum permissible annual absorbed

doses for radiation workers.'
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Docket No. 50-244

UNITED'STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

May l, 1978

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

Vice President
Electric and Steam Production

89 East Avenue
Rochester, New York 14604

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 limitations,
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 1205 ANS decay
heat case} over i:he temperature resulting from prior calculations based
on the Westinghouse model.

We acknowledge receipt of your most recent submittal dated March 15,
1978, which responds to that portion of our letter of- December 16, 1977,
which requested that you provide within 90 days a permanent resolution
(and a schedule for its implementation} to staff concerns about upper
plenum injection of emergency core cooling system water. Your proposal
is consistent with the recomendations contained in the staff's March
1978 SER attached.
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Me look forward to working with you on the long-range effort to develop
an acceptable ECCS model which specifically treats upper plenum injection.

Sincerely,

Enclosure:
Safety Evaluation

cc: See next page

jj.q~e
Dennis L. Zieatann) Chief
Operating Reactors Branch 82
Division of Operating Reactors





Rochester Gas 5 Electric Corporation 3 May 1, 1978

CC

Lex K. Larson, Esquire
LeBoeuf, Lamb, Lei by 8 HacRae
1757 N Street, N. W.

Washington, D. C. 20036

Nr. 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

Jeffr ey Cohen
New York State Energy Office
Swan Street Building
Core 1, Second Floor
Empire State Plaza
Albany, New Yor k 12223

Director, Technical Development Programs
State of New York Energy Office
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 Ontario
107 Ridge Road West
Ontario, New York 14519

Chief, Energy Systems Analyses
Branch (AM-459)

Office of Radiation Programs
U. S. Environmental Protection Agency .

Room 645, East Tower
401 H Street, S. W.

Washington, D. C. 20460

U. S. Environmental Protection
Agency

Region II Office
ATTN: EI S 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

On December 16, 1977 the licensees of !i< > „

plants were sent letters from t1r. Case, ~.n

an interim basis for continued safe 'ope: ~

relative to the effectiveness of the two-'..

16, 1978 each licensee provided essentia!',»

basis for continued safe operation. The p<";.. ~

to provide a safety evaluation of the pro;os"

analysis as presented in those letters.

~Summer of Review

The January 16 licensee letters provided their e'="

effectiveness of the ECCS Upper Plenum In„'ec.ion .

postulated LOCA. Use was made of a staff .".,o"el des=;"

"Safety Evaluation, ECCS Evaluation Mod 1 =or 'faes ."™...
Plants," December, 1977. However there were six c~an":.

staff model by !westinghouse. The staff S"? .-"oC 1 c=".;

effects of Upper Plenum Injection by esti,".ating tn

genera tion; steam condensation; and 1 iqui d en tra i ~. ""

rate'and the associated change in calculated pe~a ".l ~

the staff model was generated, it was intend d to ~.

for evaluating Upper Plenum Injection performance f'»"

or if necessary', for establishing an interim basis,'

two-loop plants. The staff model, a simplified r,o" '
as a hand calculation, was an attempt to approxima~>

'eriod..It was not (and still is not) an ECCS Evil
a"'ully

compli:d with 10 CFR .0 Appendix !:. The staf.'





A P%

model with approved changes, could possibly be used as a basis for

es'tablishing interim operating conditions. However,'neither model

is acceptable for long term use.'or example, the use of a decay

heat model of 1.Q x ANS decay heat might be acceptable on an interim

basis {i,e., to determine if there is a safety problem) but is not

suitable for a long term evaluation model. Part 50.46 requires th'at,

"ECCS cooling performance be calculated with an acceptable evaluation

model...". Appendix K sets forth certain required features of an .

acceptable evaluation model including the requirement that, "the

refilling of the reactor vessel and the time and rate o looding o

the core shall be calculated by an acceptable model that takes into

consideration the thermal and hydraulic characteristics of the core

and of the reactor system", Neither the Staff model nor the proposed

Mestinghouse variation is an integral model for the evaluation of a

postulated LOCA. Instead, each provides a possible adjustment to oe

used together with the. "incorrect" old LOCO. calculat'ion.

The documentation and sensitivity studies required of an evaluation model

are also absent. '!ost important is the lack of rigor in the staff

approximate method; it was not subjected to.the same scrutiny that we

demand for long-term generic use.

C

Each of the six changes prooosed by the licensees t'o tne r'odel has been .

evalu'ated to determiine the acceptability of the Nest;r'ghousa'a!cJIat:ons.

The following desc. iption of tne first change is taken from th'e Attachme'n s
4

to the owner's letters.
l





. 1. "The clad temperature rise versus flooding rate curve, Fi gure 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

specific to the Westinghouse two-loop plants".

Evaluation:

The SER curve is based on the most conservative data from the reflood

rate sensitivity studies presented in the PWR FLECHT Final Report

Supplement, WCAP-7931. The Westinghouse calculation takes credit for

the calculated pressure, subcooling and linear heat rate in establishing

the'relationship b tween 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 inout for pressure,

injection rates, flooding rates and decay heat".

Evaluation:

The most important portion of the reflood transient occurs between

60 seconds and 100 seconds. The time dependent input for decay heat

allows approvimately a 105 reduction over this time span. 'he SER model-

is based on a constant decay heat, with the value determined at the

beginning of a reflood.. Since this change only involves more detai.led

input, it is acceptable to 'the staff. The third change is described

as follows:

3. "The'arrvove~ fraction, CRF, discussed on page 40 of the SER
I

was changed from 0.8 in the staff mcdel to 0.7 in the Westinghouse





model. Carryover fractions of 0.7 are more typical of the

two-loop plants".

Staff calculation of the carryover fraction, CRF, during reflood

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,'poears in two different forms .

in the staff model. It appears in the quench front progression

equation as (1-CPF) 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 components of the

constant which is used to characterize the relationship bet creen changes

in bottom quench front s'team and water flows, and the flooding rate.

In the staff evaluation model the system resistance to flow establishes
N

the total steaming rate out the break during ref lood. This steaming

rate determines the reflood rate (Yin) according to the following

equation:

Vin x CRF x Area x Liquid Density = rl

Changes in the total bottom quench front steam and water flow (WT0TA ), --

and the reflood rate are therefore related by the f6llowing perturbation

equation: =

.aVin = aM /(CRF x Area x Density)

The staff modeI includes a value of CRF of ..8 in- .this estimate of the

system flow resistance.
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The use of a constant CRF of 0.7 appears to be consistant, with the CRF

value for the'wo-loop plant evaluation model calculations and therefore

the use of a 0.7 value is appropriate. 'he fourth change is described

as follows:

4. "The bottom quench front in the staff model was initialized at

0.0'eet. 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 resul ts".

The SER model was initiated at 60 seconds because this is the time at

which the reflood rate calculated with the present evaluation model

for the worst break becomes a well behaved and smoothly varying function

of time'. Prior to 60 seconds the calculated reflood rate varies dramatically

as the bottom ref lood water. first rushes into the core relatively unimpeded

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

drop sharply. The presence of Upper Plenum Injection would significantly

alter this initial phase of reflood in a way tha" 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-

lation, for the worst break, significant steam generation from this water would

be occuring when the bottom reflood water reached'he core. /he upper plenum

steam generation would lessen the initial rush of water into the core .because

of the increased steam binding. effects.
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The initial phase of bottom ref lood would therefore be less dramatic in

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

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

staff model includes a simple treatment of this initial phase of reflood

with upper plenum injection. The proposed change by ltestinghouse would.

not consider any'ffec'ts of upper plenum injection prior to the reflood

level reaching 1.5 feet. Although the staff SER model could be improved

in this area, the Westinghouse 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

5.

fifth change is described as follows;

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

altered to account for the amount of heat transfer in tho unquenched

region which is going to the bottom generated steam rather than the

top generated steam. This was done by reducing the heat tr'ansfer

to the top generated steam by 25 percent. This is a conservative

lower bound".

The staff SER model assumes trio predominant sources of steam:

2.

The bottom, quench front progression; and,

The steam generation due to upper plenum injection water entering

the core from above.

The bottom quench front steam was,assumed to be carrying a significant *

amount of.water so that the total steam and water from the bottom quench

front equalled the carryover function times the ref lood rate. Since ea h

pound of steam from the bottom quench front was already carrying on th'

order'of three. pounds of water, this steam was not inlcuded in the upper





plenum injection entrainment correlation. The steam generated from the
t

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

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

ment correlation. The Westinghouse change suggests that three sources

of steam provide a better repre'sentation of the ref lood 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 injection water entering

the core; and the third is the vaporization of water carr'ied up from the

bottom quench front. The Westinghouse model therefore proposes to identify
E

two separate sources'of steam in the unquenched portion of,,the core. This

is'cceptable and in fact may be a more accurate representation. However,

the proposed model change does not include the steam .generation in the

unquenched region from the bottom quench front water as input to the

entrainment. correlation. The basis for not including the bottom quench

frorit 'steam in the entrainment. is that this steam is. already c'arrying a

significant amount of water.'o basis has been provided, for Hot including
P

the steam generation in the unqu nched region of the core from the bottom

quench front water in the entrairment correlation. This proposed chan'ge

is'',thereforeunacceptable as presented. A modified change which included all

~ non-bottom quench front steam in the entrainment correlation could he .-

acceptable. The sixth proposed change .is stated aC foll'ows:

6. "The.metal heat model was altered to take into account the:finite

amoun't of heat. stored in the upper plenum me'tal'. The heat capacity

of 'the upper plenum metal is 5930 (BTU/'F). This metal'energy is

;removed in a finite per lod o time after which no cher::y is ad:l~!! to t..e

k

ft'
9~-,,',Cpa I ~

~,ling '





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 concept of a finite stored

energy model is acceptable. The basis for establishing the initial

stored energy and the heat release rate has been reviewed and is

sufficiently conservative for use in the interim calculations. This

proposed change is therefore acceptable.

l

Since two of the Westinghouse proposed changes were found to be

unacceptable, the staff letters, of February'10, 1978 to the Two-Loop

Licensees, formally requesting additional information included a request

for new calculations in whicn the unacceptable proposed cI.anges were

removed. Table I presents the results of these calculations for'both

lOOX A>IS decay heat and 120Ã ANS decay heat.
I

Staff Findings h

The following conclusions are based on our review of the information

presented by the trio-loop plant owner-operators.

First, the calculations performed with the proposed changes 1, 2, 3 and

- 6 are acceptable as an interim basis for continued safe operations of

the >Iestinghouse two-loop plants. Although some of the calculations result

in increases in peak clad temperature, none results in a oeak clad I;emper-

ature greater than 2200'F;





Second, the long term effort to produce an acceptable ECCS evaluation

model for treating Upper Plenum Injection should continue unless the

two-loop plant owners propose to modify the ECCS hardware to eliminate

Upper Plenum Injection.
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Table I
l

U oer Plenum Injection Results

CURREI'lT WEST li<GHOUSE
EYALUATIOII IIOOEL ANALYSIS NEW U,P.I. Af(l',I.".Sl

PLANT

WEP/WIS

PEAK CLAD
TEYIPERATURE

2.32 - 1965 2.32

'EAKCLAD
TEHPERATUPE

1.0 ANS 1.2 ANS
Deca Heat Decay Heat

1945 -20) 2025 +60)

RGE

I

2.32 195? 2.32 1900 ('-5?) 1972 (+15)

NSP/NRP

MPS

2. 32

2.25

2187:

2172

2. 32

2.25

2110 (-77) 2177 (-10)

2090 (-82) 2162 (-10)

*With Unacceptable Proposed Changes Deleted.

C
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Edward Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Coamission
Washington, DC 20555

Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission ,

Washington, OC 20555

Dr. Franklin C. Oaiber
College of Naripe Studies
University of Delaware
Newark, Delaware 19711

In the Natter of
Rochester Gas 8 Electric Corporation

(R. E. Ginna Nuclear Pow , it No. 1),.
Docket . 50-244

Gentlemen:
r

Enclosed are copies of Amendment No. 19 to Provisional Operating License
Ho., DPR-18, and supporting safety evaluations. and an exemption from
the requinements of 10 CFR 550.46(a)(1) for the R. E. Ginna":„Nuclear
Power Plant. I have also enclosed a copy of the Safety Evaluation
Report, An Interim ECCS Evaluation Nodel For Westinghouse Two-Loop
Plants (March, 1978), which treats upper j)lenum injection.

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

Sincerely,

Edward G.
Ketchen'ounselfor HRC Staff

Enclosures
As Stated

cc w/encl: Leonard N. Trosten, Esq,
Nr. Nichael Slade
Robert E. Lee, Ph,D
Jeffrey'ohen, Esq.
Warren B. Rosenbaum, Esq.

Dist
NRC Central
LPDR(2)
Shapar
Engelhardt
Grossman
Scinto
Reis
Ketchen
Chron(2)
FF(2)
HSmith
TWamback
ASchwencerSA+~ F

DFFICS~

SURNAMSW

OATS~

Elf
Oo

II

miwSafe~n
keting and Se

~ce~nsin A
vice Section

peal Board OELD-~h
5/a /78

GZQsRMLL
5/ /78

NRC FORM 318 (9.76) NRCM 0240 % U S, OOVSRNMSNT PRINTINO OFFICE< 1070 02~24
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Docket No. 50-244

UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

Hay 1, 1978

Rochester Gas and Electric Corporation
ATTN: Mr. Leon D. 3Aite, Jr.

Vice President
Electric and Steam Production

89 East Avenue
Rochester, New York 14649

Gentlemen:

The CoIITIIission has issued the enclosed Amendment No. t 9 to Provisional
Operating License No. DPR-18 and an Exemption from the requirements of
10 CFR 50.46(a)(l) 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, 19?8, as supplemented by
letters dated January 10, 1978, March 27, 1978, April 6, 1978, April 17,
1978,-and April 25, 1978. Me have recently noted that your January 6
application, which was received by the NRC on January 9, 1978, was
actually dated 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

'uclearCompany (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 published in the
~Fd 1 R 1 4 F 9 3 21, 1979 (43 FR 72757.



P



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)(l) 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 Coomission an oral notification
related to these errors.

r
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,

Enclosures:
l. Amendment No. 19 to

License DPR-18
2. Safety Evaluation
3. Exemption w/Safety Evaluation

dated 4/18/78
4. Notice

g i~v4> l'~M~vm

Dennis L. Ziemann hief
Operating Reactors Branch 82
Division of Operating Reactors

cc w/enclosures:
See next page
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Rochester Gas 5 Electric Corporation 3 p Hay 1, 1978

cc
Lex K. Larson, Esquire
LeBoeuf, Lamb, Leiby E MacRae
1757 N Street., N. W.

Washington, D. C. 20036

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

Rochester Committee for
Scientif ic Information

Robert E. Lee, Ph,D.
P. 0. Box 5236 River Campus

Station
Rochester, New York 14627

Jeffrey Cohen
New'ork State Energy Office
Swan Street Building
Core 1, Second Floor
Empire .State Plaza

-Albany, New York 12223 ,

.U. S. Env ironmenta1 Protec t ion
Agency

Region II Office
ATTN: EIS COORDINATOR
26 Federal Plaza
New York, New York 10007

Dir ector, 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 RGlnE)
Empire State Plaza
Albany, New, York 12223

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

'upervisorof 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. 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

Amendment No. 19
License No. DPR-18

1. The Nuclear= Regulatory CoIINIission (the Commission) has found that:

A.

B.

D.

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, Anril 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 forthin'0 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 saf'ety of the public, and (ii) that such activities will be
conducted in compliance with the Commission's regulations;

The issuance of this amendment will not be inimical to the comIon
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'he 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

'mendment and paraqraph 2.C(2) of Provisional Operatinq License
No. DPR-18 is hereby amended to read as follows:

(2) T~hi i S if'i

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 issuance.

OR THE NUCLEAR REGULA ORY COMMISSION

Attachment:
Changes to the Technical

Specifications

Date of Issuance May 1, 1978

~LMH
Darrell G. Eisenhut, Assistant Director

for Systems 5 Projects
Division of Operating Reactors
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'TTACHMENTTO LICENSE AMENDMENT NO. 19

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 beloiv. The revised pages contain the captioned
amendment number and marginal lines to reflect the area of change.

Remove

3.10-2

3.10-4
3. 10-8c

Insert

3.10-2
3.10-2a
3.10-4
3.10-8c





3.10.1.2 When the reactor is critical except for physics tests

and control rod exercises, the shutdown control rods

shall be fully withdrawn.

3.10.1.3 When the reactor is, critical, except for physics tests

and control rod exercises, each group of control rods shall

be inserted no further than the limits 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 control rod exercises indicated in Table 4. 1-2, the

. insertion limits need not be observed but the Fiqure 3.10-2

must be observed.

3.'10.1.5 The part length control rods will not be inserted except

for physics tests or .for axial offset calibration performed

at 75%%u power or less.

3. 10.1.6 During measurement of control rod worth and shutdown margin,

the shutdown margin requirement,,Specification 3.10.1.1, need

not be observed provided the reactivity equivalent to at least

the highest estimated control rod worth is available for trip

insertion and all part length control rods are fully withdrawn.

Each full lenqth control rod not fully inserted, that is, the

rods available .for t'rip insertion, shall be demonstrated capable

of full insertion when tripped from at least the 50Ã withdrawn

position within 24 hours prior to reducing the shutdown margin

to less than the limits of Specification 3.10.1.1. The position

of each full length rod not fully inserted, that is, available

for trip insertion, shall be determined at least once per 2

hours.

Amendment No. 19
3.10-2





3.10.2 Power Distribution Limits and Misali ned Control Rod

3.10.2.1 The movable detector system shall be used to measure power

distribution after each fuel reloading prior to ooeration

of the plant at 50K of rated power to ensure that desiqn
F

limits are not exceeded.

If the core is operating above 75K 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

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 with 3.10.2.2 above, shall be permitted.

Except for physics test, if the quadrant 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 Trip
"set point is reduced by 50%".

Following any refueling and at least every effectivefull 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.

3.10.2.7 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.

3..10.2.8

3.10.2,9

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.

Amendment No. 19
3.'10-4





different from iose resulting from operate within
Che target band. The instantaneous consequence of
being outside the band, provided rod insertion limiCs
'are observed, is not worse than a 10 percent increment
in peaking factor for flux difference in the range
+14 percent to -14 percent (+11 percent to -ll 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
lower 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 disCributions 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 Che xenon distribution in the coze 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 Co provide
continued surveillance of the flux difference if the
normal alarm functions are out of service. It is
intended=that this surveillance would be Cemporary
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 sCartup
testing and periodically during power operation.

The limit of 1.02 at which corrective action is required
provid'es D'0B 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 Fq is depleted. Therefore, the limiting tilt has been
set as 1.02:. -To avoid unnecessary poI(er,changes, the. operator is
allowed two hours in which to beiify the ttlt reading and/or to
determine and correct the caush of Ne tilt. Should this action
verify a tilt in excess of 1.02 which remaips uncorrected, the
margin for uncertainty in Fq and FaH is reinstated by reducing the
power by 2X for each percent of tilt above 1.0, in accordance .

with the 2 to 1 ratio above, or as required by the restriction~
peaking factors.

Amendment No. 19 3.10-8c
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

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. 50-204

Introduction

By application dated January 6, 1978, as supplemented by letters dated
, January 10, March 27, April 6, April 17, and April 25, 1978, Rochester

Gas and Electric Corporation (the licensee) requested authorization to
operate the R. E. Ginna Nuclear Power Station in Cycle 8 with reload'uel supplied by Exxon Nuclear Company, Inc., and requested a change to

. the Technical Specifications involving power distribution control limits.

Discussion

The R. E. Ginna Nuclear Power Station has operated seven fuel cycles
with fuel supplied by Westinghouse Corporation. Cycle 8 will involve thefirst 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. All 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 involving power distribution control
to reflect a revised methodology used in the reactor physics analyses'or
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 marqins.
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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. Desi n 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.

I'he

Exxon fuel design is similar to the Westinghouse fuel bundle design
(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 usinq 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 claddinq for the Exxon fuel is
thicker than that of the Westinghouse fuel (Reference 2) which makesit 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 soacer 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 bowinq penalties were for minimum DNBR

condi:tions and do not represent the worst conditions for calculatinq
the rod bowing penalties. However, Reference 2 shows that there is an

8. 5 percent margin to the safety limit 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
.limit.

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 (RGIIE 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.

2. Thermal H draulic Desi n-

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 u(ith the Westinghouse fuel assemblies in the Ginna core
and'hat the thermal hydraulic criteria will not be exceeded during
plant operation.





3. Nuclear Desi n

The Fuel Cycle 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'or the tarqet flux difference .
They are between +5.0 and -7.5% for the'eginning of cycle life-
and between +2.0 and -7.5A 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 coeffici ents of the Cycle 8 core are bounded by the
coefficients used in the safety analyses and we have concluded that
the coefficients are acceptable.

Justification of the assumed total rod worth uncertainty of 10Ã used
in the determination of shutdown margin has not been presented.
Confirmatory tests are therefore included in the startup physics tests
for fuel Cycle 8.

The physics startup test program fo'r 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 Referehce 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 155 or the sum of the worths of
these banks differs from the predicted value by more than 10%, the
first shutdown bank should be measured. If the sum of the five
measured banks differs from the predicted value by more than 101.,
additional shutdown bank measurements will be performed to verify'he technical specification shutdown margin.

We have concluded'hat 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.

4. Stead State and Load Follow 0 eration

Compliance with Fq and FnH limitinq conditions for operation is
ensured by adherence to previously approved constant axial offset
control strategy and core monitoring with incore and excore flux
monitors. Incore monitoring is achieved usinq travelling fission
chambers. Data from the fission chambers and calculated coefficients

I
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(Reference 9) are processed by the computer code INCORE to obtain powerdistribution 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 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 H>JD/NTU. The results of this
comparison show good agreement between measurement and calculation
and add credibility to the licensee's assertion that an Fq uncertainty
factor of 5X is appropriate for Cycle 8. However, additional datawill be obtained during the fuel cycle 8 startup physics tests.

5. ~55 A

The licensee has analyzed the anticipated operating occurrences and
postulated accidents using the plant transient simulator code PTSPMR
(Reference 15). The results of these analyses are presented in
Reference 14. Our review of this code has progressed sufficently to
allow us to cohclude.that analyses using PTSPl<R provide acceptable
margins to peak linear heat generation rate and departure from nucleate
boiling design limits. The reactiv'ity coefficients assumed in the
safety analyses are to b'e confirmed during the physics startup tests.

a. Steam Line Break Anal ses

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 22K 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. Evenif 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 limits. Accordingly, we have concluded that the consequences
of a steam line break are acceptable.

A. ~ECCE A

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 t<estinghouse
fuel during Cycle 8. The ENC analysis was performed for Cycle 8
using the ENC WREN-II ECCS evaluation model (Reference 7) which
is descri,bed 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 ll 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'cceptableas an interim basis for continued safe operation of the
Westinghouse 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 model in which the UPI-core interaction was
not specifically considered (Reference 20). In the interim, before
these models are developed, the l.icensee 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 WREN-II and Westinghouse models predict
similar PCT's (1922'F for ENC WREN-II and 1957'F for Westinghouse)it can be expected that the UPI modification, when applied to the ENC

WREN-II 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 shoiving analogy between the present analysis and
the analyses performed previously for other plants, that the small
break LOCA is not limiting (Reference 2). The critical break

size'as

determined to,be DEGCL with CD=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





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 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 all LOCA analyses
previously submitted by their customers. For several plants preliminary
estimates indicated that they would not meet the 2200'F limit 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, Westingho'use
provided information through the licensees 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 indicatinq
that continued operation at their present Technical Specification
limit 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'cceptance 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, attachnent 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
Westinqhouse calculational model has no effect on the Exxon calculations.
The Zircqnium-water reaction error in the Westinghouse model is .the
subject of an exemption request by the licensee dated April 25, 1 978,
(Reference 21) and a separate exemption action by NRC.

6. Technical S ecification Chan es

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 flux in the lower half of
of the core to the total flux measured at 100/ power, equilibrium
conditions. The addition, Technical Snecification 3.10.2.7, assures
that axial power distributions realized in the reactor will be no

more limitinq with respect to linear heat generation rate than the
axial power distributions used by Exxon to analytically confirm
(Reference 18) that, limiting values of linear heat qeneration vs

core height, Technical Specification 3.10.2.2, will not be violated.
The. restriction has been reviewed and approved on a generic basis
and has recently been incorporated in the Technical 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 Specificationsfor 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 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 551.5(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.'ate:

May 1, 1978
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In the hatter

ROCHESTEP, GAS AND ELECTRIC
CORPORATION

(R. E. Ginna t'uclear Power Plant
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)
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)

Docket tio. 50-244

EXEtlPTIOH

The Rochester Gas and Electric Corporation (the licensee), is the holder

of Provision<;1 Operating License tlo. DPR-18 which authorizes the operation

oi the nuclear power, reactor known as R. E. Ginna Nuclear Power Plant

(the facility) at steady reactor power levels not in excess of 1520

!!!=-qawatts thermal (rated power). The facility consists of a Mestinohouse

Ele tric Co~!~any designed p!'essu! .:zed reactor (PER) !oersted at the

licensee's site in I'ayne County, Hew York.

IJ.

In accordance with the 'require!!ents of th'e Co!r!ission's ECCS Acceptanc:.

Criteria 10 C'R 50.46, the licensee sub",'itted on April 7, 1977 a!!d

January 6, 197K ECCS evaluations for proposeo oj rati n using 14 x
1'uel

nanufactured by the l.'esti»ahcus. Electric Coco<:ny and the Exxon

Huclear Co;!nany (EtlC). These evaluatiors established'i!:.'ts or. the

peakin.! factor based upon ECCS evaluation. nodels c.'evelop~d bi tL;~

1 estinql!ouse Electric Co:-pany (l!estinqhou.'e), th; des',oner of tl;."-

t'tuel ear Ste<'! Su@ply Syste!"i for <.h-: s faci1 i ty, <.'n ty Exxol!, th:

sunplior of th=! elo:d fu 1. Tl'... stir,,!:":;:'n'..'lC rE~.:.".ev '.«:-".~:*.,
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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 Y,.

The evaluations indicated that with the peaking factor limited as set
w j

forth in the evaluations and with other limits set forth in the facility's
Technical Specifications, the ECCS cooling performance for the facility
vIould conform with the criteria contained in 10 CFR 50.46(b) which

govern calculated peak clad temperature, maximum claddinq oxidation,

maximum hydrogen generation, eoolable geometry and long-tenn cooling.

On Harch 23; 1978 Westinghouse informed the Nuclear Regulatory Corraission

(NRC) that an error had beeri discovered in the fuel rod heat balance

equation which resulted from the incorrect use of only half of the

volumetric heat generation due to metal-water reaction in calculating

ihe ciadding temperatu>e Illus tile LO"t~ a ialyses previ "us"y -'"-..itt""

to the Commission by licensees of ltestinghouse reactors vere in error.

The error identIfied v>ovid result in an increase in calculated peaL clad

temperature, vhich, for so:e plants, could result in calculat.d tc,",.pera-

tui es in excess of 2200'F unless the allowable peaking factor was reduced

somevihat. iles'tinghouse identified a nu;.~her of other areas in the apt..o;ed
k

model which 1 stinghouse indicated contained sufficient cons rvatism to

offset tho calculated increase in peak clad temperati~re resultinq from

the correction of th~ error noted abov». Four of these areas»ere
IJ

generic, applic,".ble. to all plarts, and a n.mber o; others v"::re plai:t

specific. As outlined in the liRC S4 "f's Safety Evaluation Report (SEP)

of April lc, 1.'."0 (-t t„',', .'.. th'. st<-;ff deter;:.,in'=d that so .e of th,"se
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modifications would be appropriate to offset to some extent the penalty
I

resulting from correction of the error. The attached SER of April 18,

1978 sets forth the value for each modification applicable to each

faci1 i ty.

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 assemblies replaced with fresh fuel assemblies manufactured by the

Exxon Nuclear Company (ENC) and loaded on the periphery of the core.

Based on an analysis of the information presented by the licensee, the "

staff has concluded 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 calculations 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 Westinghouse

Zirconium-water reaction error on the peak cladding temperature for
J

the RE Ginna plant is less than the presently existing margin (228'F)

to the 2200'F acceptance criteria limit. 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 incorporatinq the modifications described in the Staff's April 18,

1978 SER have not been run for each plant, the various parametric

studies that have been. made for various aspects of the approved

Westinghouse 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 li~estinqhouse model, they

will demonstrate. that operation will conform to the criteria of 10 CFR

50.46(b), when operated at the peakinq factors set forth in the SER of

April 18, 1978. Such revised calculations fully con orminq to 10 CFR

50.46 are to be provided. for the facility as soon as possible.

Oper..tion of the facility would nevertheless be technically in non-,

conformance with the requirements of $ 50.46, in that specific computer

runs for the particular facility employing revised models with the
m

l!estinahouse metal-water error corrected and with-the proposed model

changes considered, as a complete entity will not be complete for some

time'. How=-ver, operation as 'proposed in the licensee's application

dated January 6, 1978, and at the peakinq factor limit specified in thi<

Exemption will assure that the'ECCS system will conform to the perfomance

criteria of 550.46. Accordinqly, while the actual co1oputer runs for the

specific facili;y are carried out to achiev~ full compliance with 10 CFR

550.46, op ration of the facility 'will not endanger life or property or

the common de ense and se"urity.





In the absence of any safety problem associated with operation of the

'facil.ity during the period until the. computer computations are co'mpleted,

there appears to be no public interest consideration favorinq restriction

of the operation of the captioned facility. Accordinqly, the Commission

has determined that an exemotion in accordance with 10 CFR 550.12 is

appropriate. The specific exemption is limited to the period of time

necessary to complete computer calculations,

Copies of the Safety Evaluation Report dated April 18, 1978, and the

following documents are available for inspection at ihe Co:;.-;'.ssion's

Public Document Room at 1717 H Street, Washington, D. C. 20555, and

, at the Rochester Public Library, 115 South Avenue, Rochester, New'ork

14627.

(1) Licensee submit.tais dated April 7, 1977, January 6, 1978, and

April 25, 1978.

(2) Amendment llo. 19 to License!lo. DPR-18 and the related Safety

Evaluation for the reload applica.ion, and

(3) This Exemption in the matter of RE Ginna !'!uclear Power Plant,

l!herefore, in accordance with the Commission's regulations as set forth

in 10 CFR Part 50, the licensee is hereby granted an exe,",.tion from t!;..

reouirements of 10 CFR 550.46(a)(l) that ECCS oerformance he calculated

ln. acco) dan' wl th an acceritabl e calculational iiooel whicl: conforms to

t!ie provisions in An"; endix Y., without errors discussed horrin. This

exep,".',.io.i is condii. jhn".„as folio.~;:
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(1) As soon as possible, the licensee shall submit a reevaluation of

ECCS cooling performance calculated in accordance. with the

h'estinqhouse Evaluation Model, and approved. by the NRC staff and

corrected for the errors described herein.

(2) Until further authorization by the Conmission, the Technical

Specification limit for total nuclear peakino factor (FO) for the

facility shall be limited to 2.32.

FOR Tl<E NUCLEAR REGULATORY CORP.:I SSsO."i

ctor SteTlo, ,
Director'ivisionof Onerating Peactors

Office of nuclear Peactor Pe'„ulation

Attached:
Safety Evaluation Penort,

dated April 18, 1978

Dated at Lethesda,,t aryland
this 1st day of May, 1978
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April 18, 1978

Safety Evaluation Report

Error in Ilestin house EGGS Evaluation Model

Introduction

Westinghouse was informed on March 21, 1978 by one of their licensees
that an error had been discovered in their ECCS Evaluation Hodel.
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 IY 5 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. 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 limit of
10 CFR 50.46 without a reduction in overall peaking factor limit.
Westinghouse'otified their customers and NRC on triarch 23, 1978 while
the utilities notified NRC through the regional IEE 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'ignificantly 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-

'pecificparameters, 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 continued to evaluate the impact of the error on prev'ious
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 Technical Specifications limits
and plant operating flexibility.
On t'!arch 29, 1978, Westinghouse and several of their customers met with
members of the t(RC 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 Zi rcalo Emissivit .

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,
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:

Assumed Plant Power Level

A reduction of the plant power level assumed in the SATAN YI blowdown
analyses from 102™i. of the Engineeryd Safeguards Design Rated Power
(ESDR) level to 102'f rated power was proposed. Previously, analyses
had been performed at approximately 4.5X over the rated power. This
change was worth approximately 0.01 in Fq, and is refer red to as hFESDR
in Table l.

2. COCO Code In ut

3.

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 Fq, and is referred to as AFCP in Table l.

I

Initial Fuel Pellet Tem

erature'.modification

of the initial fuel pellet temperature, from the
design'asis

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
th'an 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 F~. This is'referred to as tFPT in Table l.
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4. Accumulator Water Volume Consider ation

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 F~ is plant-specific. This is referred to as AFACV in
Table l.

5. Steam Generator Tube Plu in Consideration

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 aFSG in Table l.

Safet 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 limits 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 determi ne an
appropriate interim penalty. Westinghouse provided two preliminary
separate effects calculations ivhich indicated that a maximum penalty
of from 0.14 to O.l? 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 emissivity
data.
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2) Partial credit (70~) would be. given at this time'or 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 8 2, Zion, Units 1 5 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 l.
We informed each licensee by telephone on April 3, 1978, that he should
administratively reduce his peaking factor limit from the limit contained
in his Technical Specifications to the interim peaking factor limit
contained in the right hand column of Table l. In those cases where
the limit in Table 1 is 2.32, this represents no change from the Technical
Specifications limit. The peaking factor limit of 2,32 is generically
supported and approved for Westinghouse reactors 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 limit 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 0.01'or 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 limit less than 2.31, we requested
that the licensee furnish administratively imposed procedures to re-
place Technical Specifications either:

1. To provide a p'Iant specific constant axial offset control
analysis of 18 cases'f 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 limit using a system designed for
this purpose or manual procedures as indicated in Standard
Technical Spe'cifications 3/4 2.6 aog.ancillary Specifications.

>to 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

Me 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 limit specified in Table 1, in
combination with any necessary operating surveillance requirements, will
assure that the ECCS will conform to the performance requi rements of
10 CFR 50.46(b). Accordingly, limits on calculated peak clad temperature;
maximum cladding oxidation, maximum hydrogen generation, eoolable geometry
and long term cooling provide reasonable assurance that the public health
and safety will not be endangered.
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TABLE 1 PCT

Fq Analysis oF
Fn aFT aFzr02
01'.0

aFFLECH FPCT FSF. Fq ItlIt aFESOR aFCP aFpT aFSG aFACV Fq LIItlT

Pt. Beach 1

Pt. Beach 2
Gtnna
Kevaunee
Prairie Island 1/2

~3Loo

North Anna
Beaver Valley
Farley
Surry 1

Surry 2
Turkey Point 3
Turkey Point 4

~4Loo

Indian Point 2
Indian Potnt 3
Trojan
Salem 1

Lion 1/2
Cook I
Cook 2

2025
2025
1972
2172
2187

2181
2041
1991
2177
2177

Z019'195

2086
2125
1975
2135
109"

2161'190'.32

2.32
2.32
2.25
2.32

2.32
2.32
2.32
1.85
1.85
1.90
2.05

2.32
2.32
2.32
2.32
2:OT
1.90
2.10

,16
.16
.26
.03
.01

.02

.15

.24

.02

.02

.14

.aa

.11'07

.26

.06

.03
F 01

~ 2-2
~ 2

~ 2
«2

~
~ 2
~ 2
~ 2
~ 2
~ 2

0
~ 2

- 2
~ 2

~o2
~ 2

0
0
0

.05
~ 05

.06

.06
-.03

.05

.06

-.03'.03

0

2.28
2.28
2.32
2,13
2.18

2.14
2.27
2.32
1.73
1.73
2.01
1.90

2.23
2.25
2.32
2.18
2.04
1.90
2. I 1

2.32
2.32
2. 32
2.25
2,26

2. 32
2.32
2.32
l.84
1'.84

Z.a5
1.91

2.23
2.19
2.32
2.32

1.98

2.28
2.28
2.32
2,13
2,18

2.14
2.27
2.32
1.73
1.73
Z.al
1.90

2.23
2.19
2.32
2.18
2.04'.90

2.11

.01

.01
~a

,01
,Ql

.01

.01

.01

.01

.01

,02
,02

.005

.03

.03

.036

.025

.025

.03

.031

.024

,029
,066
,053

.023

.023.

.020

.01

,03

2t 32
2 32
2132
2.16
2,24(+)

2.14
2.31 I
2+32
1.81
1.81
2.03
1.91

* 2.24
2.23
2.32
2.21
2.04(+}
1.90
2.11

>FT Credtt tn Fq for PCT margtn to 2200oF 'itmit.

>Fzr02 - Hetal Mater Reaction Penalty on Fq.

,~ FFLECttT- Credit in Fq for improvements to 15xl5 FLECHT Correlation.

FPCT - Staff'estimated Fq based on 2200 F PCT limit.

FSE - Mesttnghouse proposed Fq based on stored energy sensitivity studies.

*Denotes reanalysis at Fq old'value error corrected.

«'enotes reanalyses at Fq old value, error corrected. accumulator Vol. Change of 100 ft, accumulator pressure of 650 psia

(+) These limits are applicable assuming licensee modifies accumulator conditions as appropriate. If not> Prairie
Island 1/2 Fq 2.21, Zion 1/2 Fq 1.9 . I
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UNITED STATES NUCLEAR REGULATORY COYiNISSION

DOCKET NO. 50-244

ROCHESTER GAS AND ELECTRIC. CORPORATION

NOTICE OF ISSUANCE OF ANENDi~1ENT TO PROVISIONAL
OPERATING LICENSE

The U. S. Nuclear Regulatory Commission (the Commission) has issued

Amendment No. 19 to Provisional Operating License No. DPR-18, issued

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

as of its date of issuance.

The amendment changes the Appendix A Technical Specifications to

support operation in Cycle 8 with reload fuel by Exxon Nuclear, Company

(ENC). This fuel has been designed by ENC to be compatible with the fuel

supplied previously by Westinghouse. In addition, the amendment allows

Technical Specification changes that are required for startup tests.

The application for the amendment complies with the standards
and'equirementsof the Atomic .Energy Act of 1954, as amended (the Act), and

the Commission's rules and regulations. The Cormission 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 license 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 for leave to intervene was filed following notice of the

proposed action.
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The Commission has determined that the issuance of this amendment

will not result in any significant environmental impact and that pursuant

to 10 CFR 551.5(d)(4) an environmental impact statement or negative

declaration and environmental impact appraisal need not be prepared in

connection with issuance of this amendment.

For further details with respect to this action, see (1) the

Commission's Order for Modification of License dated August 27, 1976,

(2) the application for amendment dated January 6, 1978, and supplements

thereto dated January 10; 1978, triarch 27, 1978, April 6, 1978, April 17,

1978, and April 25, 1978, (3) Amendment No. 19 to License No. DPR-18,

(4) the Commission's related Safety Evaluation, and (5) the Exemption

related to the requirements of 10 CFR 50.46(a)(l) and the Safety

Evaluation dated Apr il 18, 1978, attached thereto. All of these items

are available for public inspection at the Commission's Public Document

Room, 1717 H Street, N. W., Washington, D.C. and at the Rochester Public

Library, 115 South Avenue, Rochester, New York 14627.

A copy of items (1), (3), (4), and (5) may be obtained upon request

addressed to the U. S. Nuclear Regulatory Commission, Washington, D. C.

20555, Attention: Director, Division of Operating Reactors.

Dated at Bethesda, Maryland, 1st day of May, 1978.

FOR THE NUCLEAR REGULATORY COHHISSION

Dennis L. Ziemann, Chief
Operating Reactors Branch b'2

Division of Operating Reactors
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UNITEDSTATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

May 10, 1978

sggogpp

C

~'0 1 W)h

'Edward Luton, Esq., Chairman 'r. 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, OC 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:

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 550.46(a)(1) for the R. E. Ginna Nuclear
Power Plant. I'ave 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.

Sincerely,~~ !

'( p 1~4
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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Docket No. 50-244

uNITED STATES
NUCLEAR REGULATORY COMMfSSlON

WASHINGTON, O. C. 20555

May 1, 1978

Rochester Gas and Electric Corporation
ATTN: Mr. Leon 0. White, Jr.

Yice President
Electric and Steam Production

89 East Avenue
Rochester, New Yor k 14649

Gentlemen:

The Comnission has issued the enclosed Amendment No. 19 to
Provisional'perating

License No. DPR-18 and an Exemption from the requirements of
10 CFR 50.46(a)(l) for the R. E. Ginna Nuclear Power Plant.

The amendment consists of changes to the Technical Specifications in
response to your appl'ication dated January 6, 1978, as supplemented by
letters dated January 10, 19?8, March 2?, 1978, April 6, 1978, April 17,
1978, and April 25, 1978. We have recently noted that your January 6
application, which was received by the NRC on January 9, 1978, was
actually dated 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

'uclearCompany (ENC). This fue'l 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 published in the
Federal Re ister on February 21, 1978 (43 FR 7275).





Rochester Gas and Electric. Corporation Hay 1, 1978

In r'esponse to your request dated April 25, 1978,-we have granted an
Exemption from the requirements of 10 CFR 50.46(a)(l) 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 Coranission an oral notification
related to these errors.

C

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,

Enclosures:
1. Amendment No. 19 to

License DPR-18
2. Safety Evaluation
3. Exemption w/Safety Evaluation

dated 4/18/78,
4. Notice

~h~vl ~

Dennis L., Ziemann hief
Operating Reactors Branch $ 2
Division of Operating Reactors

cc w/enclosures:
See next page
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Rochester Gas 5 Electric Corporation '
May 1, 1978

CC

Lex K..Larson, Esquire
LeBoeuf, Lamb, Leiby 8 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

Jeffr ey Cohen
New'ork State Energy Office
Swan Street Building
Cor e 1, Second Fl oor
Empire. State Plaza

.Albany, New York 12223 ,

.U. S. Environmental Protection
Agency

Region II Office
ATTN: E I5 COOR0 INATOR
26 Federal Plaza
New York, New York 10007

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/?8, and 4/25/78
Agency Building 2 filinqs by RG&E)
E'mpire State Plaza
Albany, New York 12223

Rochester Public Library
.115 South Avenue
Rochester, New York 14627

Superv'isor of the Town of Ontario
107 .Ridge Road West
Ontario, New York 14519
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

IVASHINGTON,D. C. 20555

ROCHESTEP. GAS AND ELECTRIC CORPORATION

DOCKET NO. 50-244

R. E. GINNk NUCLEAR POWER PLANT

AMENOMENT TO PROVISIONAL OPERATING LICENSE

Amendment No. 19
License No. OPR-18

1. The Nuclear Regulatory CorIrIIission (the Commission) has found that:

A. The application for amendment by Rochester Gas and Electric
Company (the licensee) dated 'anuary 6, 1978, as supplemented
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 forthin'0 CFR 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 regulations;

0. The issuance of this amendment will not be inimical to the comnori
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 Par t
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
S'pecifications as indicated'n the attachment to this license

'mendment and paraqraph 2.C(2) of Provisional Operatinq License
No. DPR-18 is hereby amended to read as follows:

(2) Technical S ecifications

The Techni'cal 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 issuance.

OR THE NUCLEAR REGULA ORY COMMISSION

Attachment:
Changes to the Technical

Specifications

Date of Issuance Hay 1, 1978

4@L
Darrell G. Eisenhut, Assistant Director

for Systems & Projects'.
Division of Operating Reactors





ATTACHMENT TO LICENSE AMENDMENT NO. 19

PROVISIONAL OPERATING LICENSE NO. DPR-18

DOCKET NO. 50-244

Change the Techn'ical 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

3.10-2

3.10-4
3.10-8c

Insert

3.10-2
3.10-2a
3.10-4
3.10-8c
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3.10.1.2 When the reactor is critical except for physics tests

and control rod exercises, the shutdown control rods

shall be fully withdrawn.

3.10.1.3 When the reactor is. critical, except for physics tests

and control rod exercises,. each group of control rods shall

be inserted no further than the limits 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 control rod exercises indicated in Table 4. 1-2, the

insertion limits need not be observed but the Figure 3.10-2

must be observed.

3.10.1.5 The'art length control rods will not be inserted. except

for physics tests or .for axial offset calibration performed

at 75K power or less.

3.10.1. 6 During measurement of control rod worth and shutdown margin,

the shutdown margin requirement,,Specification 3.10.1.1, need

not be observed provided the. reactivity equivalent to at least

the highest. estimated. control rod worth is available for trip

insertion and all part length control rods are fully withdrawn:

Each full length control rod not full» inserted, that is, the

rods available .for trip insertion, shall be demonstrated capable

of full insertion when tripped from at least the 505 withdrawn

position within 24 hours prior to reducing the shutdown margin

to less than the limits of Specification 3.10.1.1. The position

of each full length rod not fully inserted, that is, available.

for trip insertion, shall be determined, at least once per 2

hours.

Amendment No. 19
3.10-2
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3.10.2 Power Distribution Limits and Misali ned Control Rod

3.10.2.1 The movable detector system shall be used to measure power

distribution after each fuel reloading prior to ooeration

of the plant at 50% of rated power to ensure that design

limits are not exceeded.

If the core is operating above 75K power with one excore

nuclear channel out of service, then the quadrant to

Amendment No. 19 3.10-2a
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3.10.2.4

3.10.2.5

3.10.2.6

If the quadrant to average power tilt ratio, exceeds
1.02 but is less than 1.12 for a sustained period'f
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 quadrant 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 Trip
"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.

3.10.2.7 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.

3.;10.2.8

3.10.2.9

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 di ference shall be returned to the target
band immediately or the reactor oower shall be reduced to a level
no greater than 90 percent of- rated power.

Amendment No. 19
3.10-4
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different fro se resulting from„ope 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 (+ll percent to -ll 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
lower depending on the indicat'ed 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'f
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 syst: em Co 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 service. It is
intended that this surveillance would be temporary
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 corx'ective action is required
provid'es DUB 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 Fq is depleted. Therefore, the limiting tilt has been
set as 1.02:. To avoid unnecessary pager .changes,. the. operator is
allowed two hours in which to'erify the ttlt reading and/or to
determine and correct the cause of the- 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 ZX for each percent of tilt above 1.0,. in accordance .

with the 2 to 1 ratio above, or as required by the restriction~
peaking factors.

Amendment No. 19 3.10-8c,
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

~ WASHINGTON, D. C. 20555

I

SAFETY EVALUATION'YTHE OFFICE OF NUCLEAR REACTOR REGULATION

SUPPORTING AMENDMENT HO. 19 TO PROVISIONAL OPERATING LICENSE HO. DPR-18

ROCHESTER GAS AND ELECTRIC CORPORATION

R. E. CiIHNA NUCLEAR POWER PLAHT

DOCKET NO. 50-244

Introduction

By application dated January 6, 1978, as supplemented by letters dated
, January 10, March 27, April 6, April 17, and April 25, 1978, Rochester

Gas and Electric Corporation (the licensee) requested author ization to
operate the R. E. Ginna Nuclear Power Station in Cycle 8 with reload
fuel supplied by Exxon Nuclear Company, Inc., and requested a change to
the Technical Specifications involving power distribution control limits.

Discussion

The R. E. Ginna Nuclear Power Station has operated seven fuel cycles
with fuel supplied by Westinghouse Corporation. Cycle 8 will involve thefirst use of fuel from a different vendor, Exxon Nuclear Company, Inc.
(EHC). The loading for Cycle 8 will consist of 32 new EHC fuel assemblies
loaded at the periphery of the core and 89 exposed Westinghouse assemblies
scatter loaded in the center of the core. All 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 wi'll 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
invo1ving power distribution control. The licensee also proposed a change
to the bases of the specifications involving 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 marqins.
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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

Desi n 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 desiqn
(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 claddin'g will
not col'lapse 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 usinq 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 mode1s
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 makesit 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'xialspacer 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 assembIies 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 conc1uded that these
analyses are not completely acceptable because the heat flux and
pressure .used to calculate the bowinq 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 limit 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
limit.

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

, has agreed (RGIIE 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.

2. 'hermal H draulic Desi n

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. F

The licensee has shown that at 118 percent of rated power, the calcu-
lated minimum DNBR is 1.47. The, corresponding value for the
Mestinghouse 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. Me,, therefore, conclude that the Exxon fuel assemblies are
compatible with the Westinghouse fue1 assemblies in the Ginna core
and that the thermal hydraulic criteria will not be exceeded. during
plant operation.





The Fuel Cycle 8 loading will consist of 89 fuel assemblies with
burnups ranging from 7,178 MMD/MTU to 23,813 MHD/MTU and 32 fresh
ENC fuel assemblies.

The li'censee has specified new values for the tarqet flux difference .
They are between +5.0 and -7.5X for the beginning of cycle life
and between +2.0 and -7.5X for the end of cycle life. For the inter-
mediate times the values are obtained by linear interpolation. T'e
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.

Justification 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 physics tests
for-fuel Cycle 8.

The physics startup test program fo'r 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.Referehce 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 154 or the sum of the worths of
these banks differs from the predicted value by more than 10Ã, the
first shutdown bank should be measured. If the sum of the five
measured banks, differs from the predicted value by more than 105,
additional shutdown bank measurements will be performed to verify'he technical specification shutdown margin.

~ He 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 (Refer ence 2) will be submitted to the HRC. The
licensee has agreed to submit the report within 45 days of completion
of the program.

4. Stead State and Load Follow 0 eration

Compliance with Fq and FaH limiting conditions for operation is
ensured by adherence to previously approved constant axial offset
control strategy and core monitoring with incore and excore flux
monitors. Incore monitoring is achieved usinz 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 loop
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 tdWD/MTU. The results of this
comparison show good agreement between measurement and calculation
and add credibility to the licensee's assertion that an Fq uncertainty
factor of 5X is appropriate for Cycle 8. However, additional data
will be obtained during the fuel cycle 8 startup physics tests.

l

5. ~5ft A

The licensee 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 limits. The reactiv'ity coefficients assumed in the
safety analyses are to be confirmed during the physics startup tests.

a. Steam Line Break Anal ses

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 224 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. Evenif DNB were to occur during a steam line br eak .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, limits. Accordingly,. we have concluded. that the consequences
of a steam line break are acceptable.

b. ECCS Anal sis

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 durina Cycle 8. The ENC analysis was performed for Cycle 8
usinq the ENC WREN-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'njection 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 ll 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 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 qeneric 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 WREM-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 FHC

WREN-II 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 limiting (Reference 2). The critical break size
was determined to .be DEGCL with CD=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





the models are applied for conditions at the Gtnna 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 Maech 23, 1978 Westinghouse informed the NRC that an error in the
West-ECCS evaluation model had been found Qhich 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 limit 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
Harch 29, 1978 in Bethesda to discuss the error and its impact on

specific plant analyses. Subsequent to that meeting, Westinghouse
provided information through the licensees 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) RGSE submitted a letter indicating
that continued operation at their present Technical Specification
limit of 2.32 (total peaking factor) was justified on the basis of
additional generic Mestinghouse 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'cceptance 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 EHC

fuels. were analyzed using the respective Westinghouse and EHC evalua-
tion models, and since there is no zirconium-water error in the ENC

calculational model, the error in zirconium-water reaction in the
Mestinghouse 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 licensee dated April 25, 1 978,

(Reference 21} and a separate exemption action by NRC.

6. Technical S ecification Chan es

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 flux in the lower half of
of the core to the total flux measured at 1004 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 generation rate than 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 generic basis

and has recently been incorporated in the Technical Specifications
of PMR's using Exxon Nuclear fuel.





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
additi'on are in accordance with the Standard Technical Specifications
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 chanqe
in effluent 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 551.5(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.'ate:

May 1, 1978
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COt'iMISS ION

In the tlatter

ROCHESTEP. GAS AND ELECTRIC
CORPORATION

(R. E. Ginna Nuclear Power Plant

)
)
)
)
)

Docket No. 50-244

ENEtlPTIOH

The Rochester Gas and Electric Corporation (the licensee), is the holder-

of Provisional Operating License tao. DPR-18 which authorizes the operation

of the nuclear power reactor known as R. E. Ginna l'luclear Power Plant

(the facility) at steady reactor power levels not in excess of 1520

m:-qawatts thermal (rated power). The facility consists of a Restinohouse

<1 o < ~~c Co~~a nM des jqned nressur'ed reactor (P't,R) t o('p, crt at'hp

licensee's site in t,'ayne County, Hew York.

In accordance with the require;.!ents of the Co..>7iission's ECCS Acceptanc:.

Criteria 10 CFR 50.46, the licensee sub''itted on April 7, 1977 and

January 6, 197K ECCS evaluations for proposed numeration using 14 x 1',

fuel manufactured by the !.'estinphouse Electric Corno:.ry and the Ex;:on

thuc'. ear Com ~any (EttC) . These evaluations establ i shed 1 i!!',!.s on +t:o

peaking facto. bas=d upon ECCS evaluation nodels. c.'evelop d bv tl;.

k'estinqt!ouse Electric fn::-"anv <l!estinqhou":.e),:h-. desioner of th."-

tluclear Stea!:. Suoply S; s+e!i for th'.s facility, and by Exxn!:, tl;=

sunni io! of th. ! elo!:d fuel. Th„" >'' stin',t.'::: '"t" FilC r'<.'"'ve!ui





models had been previously found to conform to the requirements of the

Commission's ECCS Acceptance Criteria, 10 CFR Part 50.46 and Appendix Y..

Thb'valuations indicated that with the peaking factor limited as set

forth in the evaluations and with other limits 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, eoolable geometry and long-tern, cooling.

On Harch 23, 1978 Westinghouse informed the Nuclear Regulatory Corcaission

(NRC) that an error Iad been discovered in the fuel rod heat balance

equation which resulted from the incorrect use of only half of the

volumetric heat generation due to metal-water reaction in calculating

the cladding I.emperature. Thus, the LOCA analyses pl v vus y ~ tted

to the Coimnission by licensees of Hestinghouse reactors were in error,

The error ident-'ed would result in an increase in calculated peak clad

temperature, which, for som. plants, could result in calculated tc,",.pera-

tures in excess of 2200 F. uf less the allovable p al;ing factor was reduced

somewhat. llestinahouse identified a nu;.:her of other areas in the ape.. o;e

model which 1.'tinghouse indicated contained sufficien. conse'atism t

offset th calculated increase in peak clad temperate~re resultinq from

the correction of the error noted abov». Four of these areas were

generic, applic;.ble to all plants, and a n mber o; others v:-re plant

specific. As out',ined in ihe NRC Staff's Safety Evalua'ion Reoort (SK:".')

of April lc, 1!.'7G (at(a: l,r:~. th.'t.r-.ff deter;:;in'.d that so:"': of th." e
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modifications would be appropriate to offset to some extent the penalty

&suiting 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 assemblies replaced with fresh fuel assemblies manufactured by the

Exxon Nuclear Company (ENC) and loaded on the periphery of the core.

Based on an analysis of the information presented by the licensee, the

staff has concluded 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 calculations 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 Westinghouse

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 criteria limit. 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 incorporatinq the modifications described in the Staff s April 18,

1918 SER have not been run for each plant, the various parametric

studies that have been made for various aspects of the approved

llestinghouse 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 Mestinqhouse model, they

will demonstrate that operation will conform =to the criteria of 10 CFR

50.46(b), when operated at the peakinq factors set forth in the SER of
'pril18, 1978. Such revised calculations fully conforming to 10 CFR

50.46 are to be provided .for the facility as soon as possible.

Operation of the facility would nevertheless be technically in non-

conformance with the requirements of $ 50.46, in that specific computer

runs for the par icular facility employing revised models with the

'4'estinghouse metal-water error corrected and with the proposed model

changes considered, as a complete entity will not be complete for some

time. How:-ver, operation as proposed in the licensee's application

dated January 6, 1978, and at the peakinq factor limit specified in this

Exemption will assure that the 'ECCS system will conform to the perforrance

criteria of $ 50.46. Accordinqly, whil.e the actual colnputer runs for the

specific facili'.y are carried out to achiev~ full compliance with 10 CFR

550.46, op ratio.. of the facility will not endanger life or property or

the common defense and se"urity.
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In the absence of any safety problem associated with operation of the

facility during'he period until the. computer computations are comple.ed,

there appears to be no public interest consideration favorinq restriction

of the operation of the captioned facility. Accordingly, the. Commission

has determined that an exemotion in accordance with 10 CFR 550.12 is

appropri a te. The specific exemption is limited to the period of time

necessary to compl ete computer calculations.

IY.

Copies of the Safety Evaluation Report dated April 18, 1978, and the

.folloviing documents are available for inspection at the Co...-.'.ssion's

Public Document Poom at 1717 H Street, Mashington, D. C. 20555, and

.at the Rochester Public Library, 115 South Avenue, Rochester, Nevi York

14627.

(1) Licensee submittals dated April 7, 1977, January 6, 1978, and

April 25, 1978.

(2) Amendm nt !'o. 19 to License No. DPR-18 and the related Safety

'valuationfor the reload application, and

(3) This, Exemption in the matter of RE Ginna fluclear Po:ier Plant.

l herefore, in accordance with the Cor-.sission's regulations as set forth
ti

in li! 'CFP, Par'0, the licensee is herehv granted an exe.",.tion from t!.e

requirements of 1.0 CFR s50.46(a)(1) that ECCS oerfnrmance he calculated

in accol dan' with c n acceotable calculatinnal v.odel whicl: conforms to

the provisions in An;"endix Y., without errors discussed h~rrin. This

exevn'.ii".> i" condit..i~n -., as folio s:





(1) As soon as possible, the licensee shall submit a reevaluation of

ECCS cool ing performance calculated in accordance.with the

Westinghouse Evaluation Model, and approved by the HRC staff and

corrected for the errors described herein.

(2) Until further authorization by the Commission, the Technical

Specification limit for total nuclear peakino factor (FO) for -the

facility shall be limited to 2.32.

Attached:
Safety Evaluation Penort,

d ted April 18, 1978

Dated at Bet!~esda,,llarvland
this 1,st day of May, 1978

FOR Tl<E NUCLEAR REGULATORY COlP1SSJOH

~J'tor SteT 1 o,, Director
Division of Oneratino Peactors
Offic= of nuclear Peactor Pe'„ulation
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April 18, 1978

Safety Evaluation Report

Error in Hestin house ECCS Evaluation Model

Introduction

Mestinghouse was informed on March 21, 1978 by one of their licensees
that an error had been discovered in their ECCS Evaluation Hodel.
This error was common to both the blowdown and heatup codes.
Mestinghouse determined by analyses that the fuel rod heat balance
equation in the LOCTA IV & SATAN YI codes was in error and that the
LOCA analyses previously submitted by their customers were incorrect

'ndpredicted 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 limit of
10 CFR 50.46 without a reduction in overall peaking factor limit.
Mestinghouse notified their customers and NRC on Harch 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'ata 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.





Westinghouse continued to evaluate the impact of the error on prev'ious
plant specific LOCA analyses and performed scoping calculations,
sensitivity studies and some plant specific reanalyses. In addition,
Mestinghouse investigated several modifications to the previously
approved methods which if approved by the HRC staff would offset some
of the immediate impact of the error on Technical'pecifications limits
and plant operating flexibility.
On Parch 29, 1978, Westinghouse and several of their customers met with
members of the NRC staff in Bethesda. Mestinghouse described in detail
the origin of the error, explained'ow 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 descri ption 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' 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 Zircalo Emissivit .

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 a'll 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 Mestinghouse was approved by the staff
to certain specific plants, which had provided specific calculations with
the new 15 x 15 correlation. During the period h)arch 29 to April 18, 1978,
Mestinghouse 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:

Assumed Plant Power Level

A reduction of the plant power level assumed in the SATAN VI blowdown
analyses from 102™i. of the Engineeryd Safeguards Design Rated Power
(ESOR) level to 102~ of rated power was proposed. Previously, analyses
had been performed at approximately 4.5X over the rated power. This
change was worth approximately 0.01 in Fq, and is referred .to as hFESDR
in Table l.

2. COCO Code In ut

3.

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 Fq, and is referred to as hFCP in Table 1.

Initial Fuel Pellet Tem erature

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, Mestinghouse 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 calculateh by the SATAN
code, of approximately 1/3 of the initial pellet temperature margin.
Mestinghouse 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'eferred to as EFPT in Table l.





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 F~ is plant-specific. This is referred to as GFACV in
Table l.

5. Steam Generator Tube Plu in Consideration

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 AFSG in Table- l.

Safet 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 HRC staff
reviewed the peaking factor limits proposed by Westinghouse to verify
their conservatism.
I

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 0.1.7 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 emissivity
data..
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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 8 2, Zion, Units 1 5 2,
and Turkey Point, Uni+ 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

'xceeding 2200'F. The'taff 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 l.
We informed each licensee by telephone on April 3, 1978, that he should
administratively reduce his peaking factor limit from the limit contained
in his Technical Specifications to the interim peaking factor limit
contained in the right hand column of Table l. In those cases where
the limit in Table 1 is 2,32, this represents no change from the Technical
Specifications limit. The peaking factor limit of 2.32 is generically
supported and approved for Mestinghouse reactors 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 limit 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's convinced it is substantially greater than
the 0. 01" for which we are requiring no additional justification from the
plants with an interim 1imit of 2.31.
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For the reactors with an interim limit less than 2.31, we requested
that. the licensee furnish administrati'vely imposed procedures to re-
place Technical Specifications either:

1. To provide a plant specific constant axial offset
control'nalysisof 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 limit using a system designed for
this purpose or manual procedures as indicated in Standard
Technical Specifications 3/4 2.6 aog.ancillary Specifications.

Wo 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..
i

Conclusion

We conclude that when final revised calculations for the facility are
'ubmitted 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, eoolable geometry
and long term cooling provide reasonable assurance that the public health
and safety will not be endangered.
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TABLE 1 PCT

Fq Analysts oF
aFT aFzrOZ aFaECII FPCT FSE FR,H)II aFESOR aFCP aFPT aFSQ aFACV Fq UH)T

Pt. Beach 1

Pt. Beach 2
6 Irma
Kewaunee
Pratrte Island 1/2

~3Loo

IIorth Anna
Beaver Valley
Farley
Surry I
Surry 2
Turkey Point 3
Turkey Point 4

~4Loo

Indian Point 2
Indian Point 3
Trojan
Salem 1

lion I/2
Cook I
Cook 2

2025
2025
1972
2I72
2187

2IBI
204I
1991
2177
2I77
20)9
2195

2006
2125
1975
2135
)u9

2161'190'.32

2.32
2.32
2.25
2.32

2.32
2.32
2.32
1,05.
1.05
1.90
2.05

2.32
2.32
2.32
2.32
2.Q7
1.90
2.10

,)6
.16
.26
.03
.01

.02

.15

.24

.02

.02

.14

.00

.)T

.07

.26
:06

,03
.01

«
~ 2
42

- 2
~ 2
~ 2

~ 2
- 2

~ 2
~ 2-2

0
~ 2

~ 2
~ 2
~ 2

- 2
0
0
0

,05
;05

.06

.06
-.03

,05

.06

-.03
-.03
0

2.28
2.20
2.32
2,13
2.18

2.14
2.27
2.32
1.73
l. 73
2.01
1,90

2.23
2.25
2.32
2.18
„2.04
1.90
2.I)

2.32
2.32
2.32
2.25
2,26

2. 32
2.32
2.32
).84
1.04
2,05
1.91

2.23
2.19
2. 32
2.32

1.98

2,28
2.28
2.32
2.13
2.18

2,14
2.27
2.32
1.73
1.73
2.01
1.90

2.23
Z.)9
2.32
2.18
2.04
1.90
2.11

.01

.Oi

,01
,Ql

.01

.01

.OI

.QI

.01

.02
,02

.005

.03

.Q3

0

.036

.025

.Q25

.03

.037
;024

,029
',066
,053

.Q23

.023
,020
,Ol

,03

2132
2 32
2132
2.16
2,24(t)

2.14
2.3)
2 '2
1.81
1.81
2.03
1.91

2.24
2.23
2.32
2.21
2.04(t)
1.90
2.)1

>FT

> zr02

> FFLECHT"

FPCT

FSE

Credit in Fq for PCT margin to 2200oF ltmtt.

Beta) Mater Reaction penalty on Fq.

Credit in Fq for improvements to )Sx)5 FLECIIT Correlatton.

Staff estimated Fq based on 2200oF PCT limit.

Mestinghouse proposed Fq based on stored energy sensitivity studies.

"Denotes reanalysts at Fq old value error corrected.

~ Denotes regna)yses at Fq old value, error corrected, accumulator Vol. Change of 100 ft, accumulator pressure of 650 psta

(i) These limits are applicable assumtng licensee modifies accumulator conditions as appropriate. If not, Pratrte
island I/2 Fq 2.21, Lton I/2 Fq 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

The U. S. Nuclear Regulatory Commission (the Commission) has issued

Amendment No. 19 to Provisional Operating License No. DPR-18, issued

to Rochester Gas and Electric Corporation (the licensee), which revised

the Technical Specifications for operation of the R. E. Ginna Plant

(facility) located in Mayne County, New York. The amendment is effective

as of its date of issuance.

The amendment changes the Appendix A Technical Specifications to

support operation in Cycle 8 with reload fuel by Exxon Nuclear, Company

(ENC). This fuel has been designed by ENC to be compatible with the fuel

supplied previously by Westinghouse. In addition, the amendment allows

Technical Specification changes that are required for startup tests.

The application for the amendment complies with the standards

and'equirementsof the Atomic .Energy Act of 1954, as amended (the Act), and

the Commission's rules and regulations. The Comoission has made appropriate,

findings as required by the Act and the Commission's rules and regulations

i0 10 CFR Chapter I, which are set forth in the license amendment.

Notice of proposed Issuance of A'mendment 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 for leave to intervene. was filed following notice. of the.

proposed action.
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The Commission has determined that the issuance of this amendment

will not result in any significant environmental impact and that pursuant

to 10 CFR $ 51.5(d)(4) an environmental impact statement or negative

declaration and environmental impact appraisal need not be prepared in

connection with issuance of this amendment.

For further details with respect to this action, see (1) the

Commission's Order for Modification of License dated August 27, 1976,

(2) the application for amendment dated January 6, 1978, and supplements

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

1978, and April 25, 1978, (3) Amendment No. 19 to License 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) and the- Safety
t

Evaluation dated April 18, 1978, attached thereto. - All of these items

are available for public inspection at the Coomission's Public Document

Room, 1717 H Street', N. W.;.Washington, D.C. and at the Rochester Public

Library, 115 South Avenue, Rochester,, New York 14627.

A copy of items (1), (3), (4), and (5) may be obtained upon request

addressed to the U. S. Nuclear Regulatory Commission, Washington, D. C.

20555, Attention: Dir ector, Division of Operating Reactors.

Dated at Bethesda,. Maryland, 1st day of May, 1978.

FOR THE NUCLEAR'EGULATORY COMMISSION

\

9ggy~

Dennis L. Ziemann, Chief
Operating Reactors Branch

P2'ivisionof Operating Reactors
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April 26, 1978

In the Natter of
Rochester Gas 8 Electric Corporation

(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244

Gentlemen:

Enclosed for the information of the Licensing Board is an NRC Staff ""
memorandum which discusses certain information concerning behavior of
iodine during postulated steam generator tube rupture accidents.

Sincere)y,

Edward Luton, Esq., Chairman Dr. Franklin C. Daiber
Atomic Safety and Licensing Board College of Narine Studies
U.S. Nuclear Regulatory Comoission University of Delaware
Washington, D.C. 20555 Newark, Delaware 19711

DISTR IBUT ION Dr. Emmeth A. Luebke
Atomic- Safety and Licensing Board
U.S. Nuclear Regulatory CottImission
Washington, D.C. 20555

Shapar/Engelhardt/Grossman
Reg Central: LPDR
FOrmal File (2)
T.Wambach
AD Schwencer

Edward G. Ketchen
Couns'el, fot NRC Staff

Enclosure
Nemorandum fm R. H. Vollmer to D. B. Yassallo
dtd February 22, 1978

cc: (w/enclosure)
Leonard N. Trosten, Esq.
Nr. Michael Slade
Rochester Committee for Scientific

Information
Jeffrey Cohen, Esq.
Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing

Board Panel
Atomic Safety and Licensing

Appeal Board
Docketing and Service Section

oeeice~

6URHAMC~

DATE~

OELD
EK&tcheR
EReis
4/ /78

NRC FORM 318 (9-76) NRCM 0240
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UNlTEO . 'rATES

NUCLEAR REGULA IORY COM~ION
WASHINGTON. O. C. 20555

I ..) p).

flOTE TO: Domenic B. Vassallo, Assistant Director or Light Mater
Reactors, DPii.

'FROtt: Richard il. '/ollmer, Assistant Director for Site Analysis, DSE

SUBJECT: COHSULTNlT REPORT REGARDIilG NO'i-CONSERVATISH II( STAFF MODEL

As a result of a technical assistance contract with a staff- consultant,
a technical report (HUREG-0409) on "iodine Behavior in a PHR Cooling
System Following a Postulated St am Generator Tube Rupture Accident,"
by A. k. Postma a»d P. S. TaIIT, was published in January 1978.

The report is a tt)eo)-etical study of the iodine behavior in the primary
and secondary coola))t systems of a P';JR following a postulated steam
generator tube rupture. The report concludes that, as a result of such
a rupture, primary coolant water containing iodine .(ould be atomized by
hydrodynamic forces as it f';ashed through the leal: path into the steam
system. The reIooval of iodine by the secondary water was predicted to
be highly dependent upon the priII)ary-to-secondary pressure difference
and upon the water dearth. Calculations made in the report, and which

- the report emphasized were designed to yield conservative predictions,
indicated that in the early part of the accident less than 505 of the
iodine might be removed by the seconda) y water, whereas in the. later
pnases of the accident, about 99" of the iodine would be removed.
Al.though the report -attempted to assess the iodine removal by steam
separators it did not examine oossible iodine reI-.oval due to the prox-
imity .of neighbori))g tubes and other submerged structures. in the steam
generator.

. The present staff IIodel, as outlined in Standard Review Plan 15.6.3,
assumes that a constant v.luc of 90~ of the iodine transferred to he
secordary water is removed and retained in it. Therefore, iiUREG-0409

'mplies that the present staff-r:.odel o.ay be non-cnnservative in the
early phases cf the accident, but;::ay be overly conservative in the
later pI)ases. ~8

The overall degree of conservatisI-. or non-conservatism'f the staff's
present,,odcl cannot easily i) assessed without a much more detailed
examination. However, some perspective regarding the implications may
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Oomenic 8. Vass. o ~68 4 4 1$ 7$

be gained by observing that the present staff model predicts the radio-
logical consequences of a steam generator tub rupture coincident with
a large iodine spil:e tn be about 75 rem to the thyroid for a typical
PiiR at a site wi th poor (X/q = 1 x 10-3 sec/m3) meteorology. !Ae can
conclude from this ti!at even if the staff's 'model was less conservative
throughout the a cident by as much as a factor- o, four, that our con-.
clusions regarding the acceptability of this event would not likely
change.

The staff is currently taking action in this matter in two ways. First,
the staff is preparing and evaluating a more detailed model to be incor-
porated in its !'ise>i Standard Review Plan in this area which will allow
for a time-dependent iodine retention fraction in the. secondary water.

'econd, the staff is planning to have experiments performed, as suggested
by NUREG-040"-, that will confirm or refute tne values indicated by the
repor t.
He believe, in vie~ 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 duly informed.

Richard H. Yol!mer, Assistant Oirector-
~ for Site Analysis

Division of Site Sa ety and
Environmental Analysis
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April 26, 1978

Dr. Franklin C. Daiber
College of Marine Studies
University of Delaware
Newark, Delaware 197<11

Ed~vard Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

DISTR IBUTION
Ketchen
Reis
Shapar/Engelhardt/Grassman
Req Central: LPDR .

Formal File (2)
L.Brenner
T.Wambach,
A.Schwencer

Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board
U.S. Nuclear Regula~tory Commission
Washington, D.C. 20555

In the Matter of
Rochester Gas 8 Electric Corporation

(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244

Gentlemen:

During the course of the NRC Staff's continuing 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 r'easons 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

- Enclosur e
"Accumulator Delivery," and attached memo fm
D. F. Ross, Jr., to U.S. Standard Problem Participants

OF.LD
--EKete&y/gk-
.....ERe.i.s.....+It,....

4/~78

OFFIC C W

$ URHAMCW

OATCW

cc: (w/encl~asu e)
Leonard M. Trosten, Esq.
Mr. t1ichael Slade
Rochester Committee for Scientific

Information
Jeffrey Cohen, Esq.

Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing

Board Panel
Atomic Safety and Licensing

Appeal Board
Docketing and Service Section

Porsa hEC 518 (RCT. 9 f3) AXCM 0240 4 U 0, 4OVCRNMCNT FRIHTIN4 OFFICCI IO'lA $20 100
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AB Rdg. File

>ED 03It,id.

flEVQRAllDrrN TO: U.S. Standard Probl em Participants

FPOll: Denwood F. Ross, tlr., Assistant Director for Reactor Safety, DSS

SUBJECT: ACClif'silLATAR DEL IVEiRY COtiPAP I SONS

PELAP-4 comparisons of LOFT tests Ll-3A and Ll-4 (U.S. Standard Problem 47)
have highlighted certain aspects of accumulator delivery which should be
consirlereri in the standard problem program. The PFLAP-4 program throuah's

rsion 2 n< l!QD-6 used an isothermal gas expansion rrorsr!1 for nitroqen in
the accurnrlators. Post te. t analysis of Ll-3A by ItlFL inrl'.cated that the
actual 'qas exp<instr!n i. sore::hare between isctherrrnl anrl isentronic ( 1.2).
Ll-4 RELA!". analysis». ed an intermerliate value or and after correcting
loss coefficients was al!le to rnatch pressure and delivery driving the early

;.. port'ion of accrrmula tnr delivery. After 35 seconds of in.iection the data
shows flow spikes whic/r are not predicted by PFLAP. .It has been suagested
that th!is is related to nitrn!len in the de!!veri lines and map cause
exhaustion of the accumulators sooner than predicted.

l~e i ~lieve that accumulator rleliverv behavior can have an important effect
on FCCS pnrfnrroance. The U.S. Standard Problem sugqested list of comparisons
inclurles accurtnjlator del'ivery. In the past this infonrration has not been
prnvirlr.d by all participants. Please provide pressure and flow comparisons
for all past and future standard probler.s where applicablr.. For Ll-4 discuss:
the comparisons, includino the following:

a.) rtas expansion model

b.,) Ilea'ran." fer

c.) Loss coe ficients

d.) fsitrogen ingestion

e.) LOFT typicality compared to large scale accumulator data

a>)~PV,.4V 7"«~ice~
'

ts 0't e.Aa44 '
~ «i ~ .do4o~ «4 vr 4rQs ea «sos««r e««a+a««seh asst«s«s& a«««vaN' ~ t'««'.&aAA .~ a~ '
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U.S. Standard Problem
Participants

Participants having apnroved licensing models are requested to provide
any orlditional comnarisnns tn exper'hami.nt or other information pertinent
to as'sessinr~ the validity of their accumulator delivery models.

I

Sincerely,
K'Tg'in87 ST/Y10K Pg

Denwo& 0. RdB',. Jr,, -A'ssistant Director
for Reactor Safety

Division of Systems Safety

;.lr',';,';.I,
bcc: W'." Ross

Z. Rosztoczy
L. Phillips
H. McCoy
N. Lauben
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ACCUHULATOR l'ELIVERY

1. Concern: 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 tha~: sufficient accumulator water would not be available
at the thee it is needed. Attention was focused on this
problem ";ihen comparisons of accumulator delivery calculations
vere made between 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
modeI might be underpredicting accumulator delivery flow
water. The key factors influencing .delivery rates are the
gas expansion model and the effective delivery line resistance.

2. Safety Signilicance: There is no specific . eference 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. We 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

'elivery is shown on Figure 2 enclosed'est
data are from full-scale accumulator discharge.

3. Evaluation: We are asking our consultants (Sandia Laboratories) to continue
their analytical evaluation of this issue. We have requested
Westinghouse to provide comparisons of their model with
pi ototypic accumulator delivery data for UHI plants. As
part of the Standard Problem Program »e have requested all
participants to provide analytic comparisons to available
da ta (see memo Ross to Standard Problem Participants, enclosed) .

It is conceivable that after our review of this issue is
complete, changes in some venoor models for some plants may
he required. The effect of tnese changes on calculated
ECCS pe~ <nrmance is not likely to be large for any plant
except UHI plants. In any case, simgle adjustments in
accur ulator water volume could ivost likely compensate for
an! model change. This issue should be completely resolved
hy Auqu;t of this yea~ .

4. Interim Accounti»g: It is recommended that no change is required until
our evaluation is complete. Since we have notified
reactor vendors by mail oi the need to do
additional calculations, we should consider informing
sitting boards in the post-SER space. It is applicable
to all such PWRs.
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February 10, 1978

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

Dr. Emmeth A. Luebke
Atomic Safety and Licensiny~ Board
U.S. Nuclear Regulatory Coomission
Washington, D. C. 20555

In the Matter of
Rochester Gas 5 Electric Corporation

(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244-

Edward Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Conmission
Washington, D. C. 20555

DISTRIBUTION
gitchell
Ketchen
Reis
Shapar/Engelhardt/Grossman

[ Formal File (2 )
Reg Central: LPDR (2)
T.Wambach
A.Schwencer

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 Cormissioners
referenced in the February 3, 1978 memorandum.

Sincerely,

Auburn L. Mitchell
Counsel for NRC Staff

Attachments

cc: (w/attachments)
Leonard M. Trosten, Esq.
Mr. Michael Slade
Rochester Committee for

Scientific Information
Jeffrey Cohen. Esq.
Warren B. Rosenbaum, Esq.
Atomic Safety and Licensing Board
Atomic Safety and Licensing Appeal

Board
Docketing and
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0 UNITEO STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, O. C.'0555

February 3, 1978

MEMORANDUM fOR: Chairman Hendrie
Commissioner Gilinsky
Commissioner Kennedy
Commissioner Bradford

FROM:.

THRU:

SUBJECT:

Edson G. Case, Acting Di.rector
Office of Nuclear Reactor Regulation

Executive Director for Operations ~~~
UNION OF CONCERNED SCIENTISTS'ETITION

This memorandum supplements the staff reports of January 13, 1978
and January 27, 1978 with regard to:

1) the results of the environmental qualification tests performedfor 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' Haddam Neck nuclear power plant,
the results of a preliminary telephone survey of all operating
plants concerning the use of unprotected terminal blocks,'nd
a summary of subsequent actions.

~Pi1 rim 1

On January 13, 1978, the staff reported that: 1) Pilgrim Unit 1
shutdown on January 9, 1978 as a result of unsatisfactory results
from preliminary environmental screening tests performed on a
typical electricaI connector assembly; 2) the licensee planned to
conduct LOCA-type environmental qualification tests at the Wyle
Laboratories on samples of existing corinectors and potential mod-
ifications to the connectors; and 3 ) the staff would follow the
licensee' program to ensure acceptable qualification of the
electrical connections prior to the return to power operation.

The staff met with the licensee 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 February 3, 1978

During this meeting, the staff and Boston Edison' (BECO)
representatives reviewed the tests carried out at Hyle
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. He have con-
cluded that the Raychem splices have been acceptably qualified
for use with Pilgrim Unit 1 cables. The tests were witnessed
at Hyle 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.

Un rotected 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 IRE
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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The Commission 3 February 3, 1978

A. Haddam Neck

On January 27, 1978, the staff requested that the licensee for
the Haddam Neck nuclear power plant meet with the staff to discuss
its 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 Mestinghouse 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'lso 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
resulted in a decision to replace the Narathon'terminal blocks'ith Westinghouse terminal blocks. (Some proprietary Mesting-
house information in the possession of the licensee will be
delivered to the staff during the week of February 6, 1978,
following approval of Westinghouse to release the data.) The
staff has conducted a preliminary review of the supporting
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 NRC staff we believe that the licensee'
decision to resume operation of the Haddam Neck plant was
appropriate.
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The Commission 4 February 3, 1978

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

'0

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.

B. 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 tlunici-
pal Utility District (Rancho Seco facility),and Rochester
Gas 5 Electric Corporation (Ginna facility). The follow-
ing discussion summarizes the results of these meetings.

Rancho Seco

The licensee 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
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The Commission -5- February '3, 1978

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 blocks in use which generally
fall in two categories:

(1) 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 assemble 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-
ications. A meeting has been scheduled for Febru-
ary 8, 1978 to discuss this information with the
licensee.
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Ginna

The licensee stated during the meeting on February 1, 1978
that a total of eight terminal blocks are used in instru-
mentation circuits that are requir'ed to ooerate 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 cabinet doors during
the current plant outage.

The licensee described the bases for the safety review com-
mittees'valuation 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 licensee provided information 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 Mestinghouse 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
demonstrate that the new Mestinghouse 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
licensee 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
Mestinghouse (based on resistance characteristics).
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The licensee also described considerations of the potential
adverse affect of a steam line break on the new terminal
blocks. The terminal block enclosures at the
penetration locations are in the general vicinity of
two of th'e four main steam lines. The licensee stated
that replacing the 1/4 i.nch 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-
ly causing a more severe t mperatur e 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 licensee indicated that this temperature exposure would
be less severe than the demonstrated capability of the new

blocks to withstand a temperature of 340'F for 5 hours with-
out loss of function. Oocumentation of the evaluation of
all relevant safety considerations and the conclusions of
the appropriate review committees were to be completed by
the licensee prior to resumption of Yankee-Rowe operation
on February 2, 1978.
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SUMtORY REGARDIHG UNPROTECTED TERh1IHAL BLOCKS

The staff indicated in its January 27, 1978 report that an ISE
bulletin 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 gualification, 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.

Enclosure:
As stated

Edson G. Case, Acting birector
Office of Nuclear Reactor Regulation

cc: Secretary
Public Document Room

Union of Concerned Scientists
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(Draft letter to all .power reactor'facilities with operating license
or construction permit)

IE Bulletin .No. 78-02

6entlemen:

Enclosed is IE Bulletin No. 78-02 which requires action by you with

'egardto your power reactor facility(ies) with an operating license

or a construction permit.

Should you have questions regarding this Bulletin or the actions

required of you, please contact this office.

Sincerely,

V

Enclosures:
1. IE Bulletin No. 78-02
2. List of IE Bulletins

Issued in 1978

Signature
(Regional Director)





UNITED STATES

NUCLEAR REGuLATIO«CQmISSIQN
OFFICE OF INSPECTION AND E«FORCEHENT

NSHINGTON, D.C. 20555

January 30, 1978

IE Bulletin No. 78-02

TERHINAL BLOCK QUALIFICATION
/

Description of Circumstances:

On January )8, lg78, Connecticut Yanke Atomic Company Performed
screening test intended to verify previous analyses of the environmental
qualifications of unprotected terminal b1ocks used inside containment.
The test was performed at the Franklin Institute Research Laboratories
Philadelphia, Pennsylvania.

The test specimen was a Marathon H-6012 terminal block- It w» exPose

ch was designed to envelop
LQCA environmental conditions in the Haddam Neck containment-
pressure se]ected for the test was 40 psig for a period of 24 hours

The temperature profile consisted of a rise from an initial temPerature
of l00 degrees Fahrenheit to 275 degrees Fahrenheit within ten seconds»

followed by a steady state operation at 275 degrees Fahrenheit for four
hours. This was followed by a drop of temperature to 140 degrees
Fahrenheit within one hour, followed by a repetition of the initial
temperature rise to 275 degrees Fanrenheit (within ten seconds)- T"e
temperature then remained constant at 275 degrees Fahrenhei.t ««he

.

remaining 19 hours of the test period.

During the initial screening .test, 525 volts, single phase. 6o H«t~»
ac voltage was applied to two pairs of ter'minals on the test'Pecimen-
Inability of the terminals to hold the voltage was defined before the
test as an appropriate failure criterion. The test was initiated on

January Ig, lg78. 'he terminal block functioned as intended during
the first 5 hours of the test. at. which time one of the Pairs «
.terminals failed the test.

e cause of failure is still under investigation. The failure occurred

during an operator error resulting in a pressure and temperarure
excursion which is outside the envelope of the intended test.
of this, the licensee re'ran the test.

~ ~ < I l.of 3
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'The second screening test was initiated on January 25. 1978-inc]uded three gest specimens: (I) an unprotected Marathon terminalb]ock identica] to the one used in the first test; (2) an unprotected
Westinghouse termina] b]ock; and (3) a GE terminal block enclosed in a'NBg type y2 box identica] to the ones in use in the Haddam Neck plant.
The test specimens were exposed to an environment having temperatureand pressure profi]es essentia]]y the same as those of the first tes "
minus the inadvertant overpressure transient. All the test sPecimenssuccessfu]ly operated through the two temperature rise profiles in thetest sequence. However, after 2) hours in the test environmentlower pair of terminals of'he unprotected Harathon terminal blockfailed. The failed terminal points were disconnected and the test

was completed. No further failures occurred. The failure mechanismof the terminal blocks during the first and second tests appears tobe 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.
Actions.to be Taken by Licensees and Permit Holders:

For all power reactor facilities with an operating license or aconstruction permit:

(I) 0etermine whether or not unprotected terminal blocks as used in
your facility in systems which must function in the Post-accident

- environment;

(2) If such terminal blocks are used, identify the systems invo]ved
and provide the documentation which demons rates that these
terminal b]ocks have be n environmental]y qua]i ied. and

(3) If 'documentation is not available, provide your plans and
schedule for achieving fu]1 qualification of affected circuits-
For holders of operating licenses, your response to this bulleti
is required .to be in this office within 14 calendar days of the
date of issue of this bulletin.
For ho]ders,of construction permits, your response to this bulletin .is required to be mai]ed within 30 calendar days of the da« of
issue of this bulletin.

2of3



C



EE Bulletin No. 78-02 January 30, 1978

Copies of your response are to be provided in the same timeframe directly to the Director. Office of Nuclear Reactor
~ Regulation, and to the Director of Reactor Operations Inspection,U.S. Nuclear Regulatory Comnission, hashington, D.C. 20555.

Appr»ed'by GAO, B180225 (R0072); clearance expires 7-31-80. Approval>as g<ven under a blanket clearance specifically for identified genericproblems.
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IE Bulletin Ho. 78-02
January 30, 1978

LISTING OF IE BULLETINS
ISSUED IH 1978

Bulletin
No.

Subject Date Issued Issued To

78-01 Fl arable Contact
Arm Retainers in G.E.
CR120A Relays

1/16/78 All Power Reactors
. Facilities. with ar.
Operating License
(OL) or Construc-
tion Permit (CP)

l

Enclosure 2lof 2
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-;<".QRA'lOUH FOR: Chai wan Hendrf e
Co"..missioner Gilin kv
Cor~fssion r Ko'nnedv
Coarnssfoner Bradford

fRiCi!

'"P.u

~

h!JBJKCT:

idson .":. Case, Acting ".f rector
Office of nuclear Re<,ctcr Regulatian

~

I P I

gxecutfve Director for "oeratfons

%IU»IO»:F CO:<C.n,IFD SCI~'.,TIST;-'";TITIO»

In fts report, dated rtecember 15, .1"77 the staff indicated that
it ~as continuing review of the r snonses from licensees of op-

'ratingreactors ~ IK Bulletfn" 77-05/05A and 77-06 concernfng
the use of electrical connectors and electrical o netra+ions,
respectively. The Office of Insp ction and ~n"orce.rent has co~.
oleted a revf v of +hese responses and copies or i .s re"or.s are
enclosed.

The reports deal r!ainlJ '.fifth the adequacY of the doc!!~entation to
conffra t!.e envfrnni~ental cualiffcation of the sub;:.eci equiprent.
'rffth r gard to .the use of electrical connectors, the respon.es
either provided or referenced fnfomation nhich indicates auequate
qualification test results, mien suoport continued ooeratfon for
the opera.ing reactors; however, the docLaentatfon for Pilgrin
and Ccnnec icut Yankee was not satisfactorv.

Tt!e Connecticu+ Yankee licensee chose tc replace the connectors
~fth qualified termfnal blocks inside sealed iunc ion boxes before
the deaclfne for respondfnp to IE ",.ulletfn 77-O5. '!o further
dccue..entation is required of Connecticut Yankee.

i~y ae-,iorandue of January ti, 1978 orovided fnfor!.ation regarding
the use of electrical connectors in the PilgrfR "nit 1 plant
and descrfbed actions that had been taken. As s+wted i!: that
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nemerandm, the plant was to be shutdown by January 21, 1978 for a
maintenance outage and to perfona additional environmental qualf-
ffcatfon testing of electrical connectors prior to rosumptfon of power
operation. A chronology of the development of the Pf lqrim Unit 1

information fs attached.

On January 9, 1978, the staff was informed that the licensee began an
orderly shutdown of the Pflgrfm Unit 1 facility at 9:GO p.m. a a
result of the unsatisfactory outcome of preliminary environmertal
screening tests and dfaqnostfc examination performed on a typfca}
connector assembly obtained free a non-safety system located outside
containment. Diagnostic examination of the connector assembly indi-
cated inadequate adhesion of the potting compound which was used in
the field fnstallatfon of the connector. The licensee plans to
conduct LGC'A-ape envfrowental tests at the Hyle Laboratori .. this
weekend on samples of existing connectors and potential modfffcatfons
to the connectors. The staff vill fo13ow closely the prograr:.
being undertaken by the Boston Edison Company to ensur acceotable
qualificati'on of the connectors prior to the return to power operation.

As indicated in Table 1, Browns Ferry Units 1, 2, and 3 and 'iine @le
Point are

performing

additional testfnr, whfch will be completed by the
end of February. The results of the Hfne 'ale Point tests will be
applicable for Raine Yankee. Gyst r Creek fs also performing addi-
tional t sting that should be ce":,pleted by the end of February. The
nature of the addftfonal testing for the connectors fn use fn these
facilities fs described fn .the s.aff reports of Hover:,ber 18, 1977 and
December 6, 1977.

The IE repor t on electrical connectors states that license s have not
defined speciffc envfrormtal conditfons with regard to accidents
other than the LOCA; .g., a main stean line break. As indicated fn
the December 35, 1977 staff report ( particularly Appendfx 8 of
Enclosure 8), significant aspect of'nvfronmental qualification of
elec.rical equipment are being treated in the Systematfc Evaluation
Program (SEP) whfch has now been initiated for the eleven SEP faci-
lities. $ n addition to this action, the staff fs also pursuing the
generic subject of equipment qualfficatfon as described fn Task Action
Plan .4-24; "gualfffcatfon of Class ?E Safety-Relat& Equfpment."
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The IE report on electrical penetratfons concludes that the
penetratfons used fn operating reactors are environmentally
qualified for the LOW condition, based on the IE review of
licensee qualfffcatfon test reports and comparative design analy-
sfs. The staff fs continuing its review of the need to maintain
pressure on those penetratfons which would accemedate gas
pressures.

Edson G. Case, Aci,ina Dfr ctor
Office of ."hclear Reactor ";egulation

Enclosures:
Suvnary of Responses to IE

Bulletins 77-06 and 77-OEA;
dated January 5, 1978.

2. Revfew of Cualiffcation Test
Reports on Electrfcal Pene-
trations in Use at Light Mater
Reacto~ Power Plants, dated
January 6, 1978

3. Chronology on Pilgrim Unft 1

cc: Seer tery
Public Document Room

Union of Conc rned Scfentfsts

DISTRIBUTION:
CENTRAL FILE
Public Document Room

NRR READING
ELD READING
EDO READING
DOR READING
DSS READING
PS READING
Mildred Groff/NRR
R. Tedesco
V. Stello

D. Eisenhut
M. Butler
D. McDonald
K. Goller
D. Davis
P. O'onnor
K. Seyfrit
R. Mattson
J. Scinto~
J. Lieberman
E. Case
L. Gossick *See previous yellow for concurrence

OPPICC~

CUII II AllC ~
DATC~

DSS:ADPS DDOR:DIR SS:DIR

lg1 i/78 1/~78 1 ~78
RTedesco:sl WStello * Mattson

DIR:NRR.

ECase
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UNITED STATES

NUCLEAR REGULATORY COMFJIISSION

WASHINGTON, D. C. 20555

JAN 5 1978

Enclosure 1

MEMORANDUM FOR: Victor Stello, Director
Division of Operating Reactors, NRR

R. J. Mattson, Director
Division of Systems'afety, NRR

FROM:

SUBJECT'.
V. Seyfr it, Assistant Director

for Technical Programs, IE

SUMMARY OF RESPONSES TO IE BULLETINS 77-05 AND

77-05A

The enclosed summary of responses to the subject bulletins

is forwarded for your information.

Enclosure: As stated

~fi~g(
Karl V. Seyfr it, 'Assistant Director

for Technical Programs .
Division of Reactor Operations Inspection

cc: J. Scinto, ELD
'JV L. Tedesco, NRR

D. G. Eisenhut, NRR
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SUMMARY OF RESPONSES TO IE BULLETINS 77-05 AND 77-05A

Table B-l (pg 56) of Hr. 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 4 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 Pilgrim,
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 me ting 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 qualified 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. Sue+aries
of other submitials for the 19 plants are included in Table l.
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 safety systems needed for post accident
service inside containment, only accidents external to containment
need be considered. Licensees indicate that the location of 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 requ",'red will have been completed
before the adverse environment can affect the system function.
For the 18 plants (Hatch excluded) which do have connectors in





systems that must function in the post accident environment, and
are located inside containment, the most severe accident appears
to be a steam line break inside containment. A preliminary evaluation
of this event indicates that peak environment temperatures may be
considerably higher than those calculated for a LOCA, but the duration
of high temperatures will be significantly shorter. It appears
likely that equipment qualified for post LOCA conditions would also
be qualified/or 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 with 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.





~ STATUS OF QUALIFICATION OF CONNECTORS USED
INSIDE CONTAINMENTS FOR LOCA CONDITIONS

~Faci 1 it
D.C. Cook Unit 1

Browns Ferry Units 1

2
3

Nine Mile Point

Main Yankee

Status

Connectors have been replaced with qualified splices. 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.

Uti'lize same connectors as Nine Mile Point. The testing
noted for Nine Mile Point will satisfy qualification require-
ments.

Oyster Creek

Surry Units 1

2

Oconee Units 1

2
3

Connectors are essentially the same as those tested by
Mylie 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 completea prior
to exposure to caustic sprays or high radiation. gualification
test results for other environmental factors are acceptable.

Documentation received and adequate. Testing included
<preaging at 300'F for 350 hours and irradiation to 1X10

rads absorbed dose.

Hatch 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 Bu1letin 77-05 reveals that there are no connectors
in containment which are required to perform in the LOCA
environment.

Fort St. Vrain Documentation received. Connectors are fully qualified
for postulated accident environment.
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Tabl e 1 (cont. d)

~Facilst

Pil gr im

Peach Bottom Units 2
3

Status

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.

Documentation received. Connectors are fully qualified
for LOCA environment.

Pal isades

Connecticut Yankee

Response indicates connectors are identical to those used
at Oconee, and therefore have been adequately qualified.

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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Enclosure 2

blEt<ORANDUN FOR: R. J. Nattson, Director
Division of Systems Safety, NRR

FROM:

SUBJECT:

K. V. Seyfrit, Assistant Director
for Technical Programs, IE

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 light 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 hogr. The radiation tolerance of
.heir penetrations is rated at 4X10" rads and maximum radiation
exposure during LOCA conditions is calculated to be 106 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 light water reactors, our review
of the qualification test reports identified no items which would
indicate any lack of functionability during LOCA conditions. Our

CONTACT: V. D. Thomas, TP
49-28180
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R. J. Mattson 6 1979

review included the qualification test reports on penetrations
designed and manufactured by Amphenol Sams, Conax, .Grouse Hinds,
D . G. O'rien, General Electric, Viking, and Westinghouse. In
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.

cc: J. G. Davis
H. D. Thornburg
R. L. Tedesco, NRR

D. G. Eisenhut, NRR

V. Stello, NRR

Karl V. Seyfrit, Assistant Director
for Technical Programs

Division of Reactor Operations Inspection





ENCLOSURE 3

CHRONOLOGY

PILGRIM UNIT 1

CONNECTOR QUALIFICATION

November 4 1977 U.C.S. Petition Filed

November 8 1977 IE Bulletin 77-05 - Electrical Connector
Assemblies Issued

November 15 1977 IE Bulletin 77-05A - Electrical Connector
Assemblies Issued

November 18 1977

November 25 1977

Results of Staff survey of NSSS vendors and ARE

firms provided in staff report. No indication
received from Bechtel that electrical connectors
were used at Pilgrim Unit l.
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.

December 7 1977 Letter received from GE to D. Ei senhut indi-
cating that other connectors besides those on
Target Rock valves were used in Pilgrim
Unit 1. Staff decided to wait for licensee'
response to 77-05 which was due on December 8.
IE notified of GE letter.

December 13 1977 IE Headquarters received cover letter without
nine attachments from Boston Edison Co. (BECO)

December 15 1977

December 19 1977

Staff report to Commission: Table B-l 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

8

3 anuar 6 1978

J anuar 9 1978

J anuar 10 1978

IE Headquarters receives full BECO submittal
from Region 1. Determines that information did
not consist of qualification 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
licensees'esponsesto 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 shutdown as a
result" of the unsatisfactory outcome of pre-
liminary environmental screening tests and
diagnostic examina".ion performed on a typical
connector assembly.

Telecon: BECO advises staff of initiation
of tests to qualify electrical connector
assemblies.
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UNITED STATESi NUCLEAR REGULATORY COMMIS~
WASHINGTON, D. C. 20555
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MEMORANDUM FOR: Chairman Hendri e
Commissioner Gi linsky
Commissioner Kennedy
Commissioner Bradford

FROI|:

THRU:

SUBJECT:

Edson G. Case, Acting Director
Office of Nuclear Reactor Regulation

Executive Director for Operations

UNION OF CONCERNED SCIENTISTS'ETITION

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' December 15, 1977 report on the UCS petition we advised that the
licensee 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
cf 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' 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
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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The Commissioners January 27, 1978

perform a screening test of the capability 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 a -ci dent
environment,, then time could be allowed for a more deliberately
paced, complete environmental qualification testing program of the
blocks and their 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 provided in
Enclosure 1. In that test there was a failure in the test rig
and its controls ( 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 l<estinghouse 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 February 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. Me will be reporting on this matter
to the Commission by February 3, 1978.

cJ-
,.Edson G. Case, Acting Director

,< Office of Nuclear Reactor
Regulation

Enclosures:
1. Screening Tests of Connecticut

Yankee Terminal Blocks
2. Information telephoned to

licensees

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. I't 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
100oF to 275 F within ten seconds, followed by a steady state operation
at 275oF for four hours. This was followed by a drop of temperature to
140oF within one hour, followed by a repetition of the initial temperature
rise to 275 F (within ten seconds). The temperature then remained constant
at 275oF 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 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 a't which time one of the pairs of terminals
failed the test.

II

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.

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 ericlosed 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. All 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 fai lures 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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Information Telephoned to Licensees
ENCLOSURE 2

Recent laboratory 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 duration of an environmental

qualification screening test. In the same screening test, in protected

Westinghouse Model 8542247 terminal blocks survived the planned 24 hour

test duration. Unprotected terminal blocks are those that are not installed

in sealed or vented metal enclosures. It is requested that you dete'rmine

whether or not unprotected terminal blocks are located inside containment

in your facility and are used in safety system circuits required to function

during or subsequent to design basis accidents.

If unprotected terminal blocks are used, you should 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. Me plan to issue a

bulletin on January 30, 1978, which will document this request and specify

written repor ting requirements in thi s matter.
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February'2, 1978

Edward Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washin'gton, DC 20555

Or. Emmeth A. Luebke
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, OC. 20555

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

Gentlemen:

In the Matter of
Rochester Gas 8 Electric Corporation

(R. E. Ginna Nuclear Power Plant, Unit No. 1)
Docket No. 50-244

Attached for your information is RGGE'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 RG5E was forwarded to the Board by letter dated December 30, 1977.

Sincerely,

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
Jeffrey Cohen, Esq. Reis
Warren B. Rosenbaum, Esq. Mitchell
Atomic Safety and Licensing Board Panel, Chron(2)
Atomic Safety and Licensing Appeal Board F"(2)
Docketing and Service Section HSmith

Ketchen
TWambach
A. Schwencer

oRI Icc~ OELD

Mitc hei 1 /dmr
SIIRNAMC%

DATC~
POISI hEC-31S (Rev. 9.S3) AECh! 0240

OELD

Rei
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January 16, 1978

Director of Nuclear Reactor Regulation
Attention: Mr. A. Schwencer, Chief

Operating Reactor Branch 51
U.S. Nuclear Regulatory Commission
Washington, DC 20555

F1

s
gpss/Jg g

~ Dear Mr. Schwencer:

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-
n'ess 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
ana'lysis are presented in Attachment A. Based upon this
analysis no additiona'perating limits are appropriate.

Sincerely yours,

L. D. Whi e, Jr.

78019QO27

goo/
i/j
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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 regarding two loop plants
with upper plenum injection. 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 Plants",
November, 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 following changes were made to the model.

'2)

The clad temperature rise versus flooding rate curve,
Figure 24 in the SER, was replaced by a more realistic curve.
The new'urve was based on the Westinghouse design FLECHT
correlation with input more specific to the Westinghouse
two loop plants.

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 bottom quench front in the staff model was initialized
at 0.0 feet. Since this calculation starts some 20 seconds
into ref lood, 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.

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 cont'inue 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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UPPER PLENUM INJECTION, RESULTS,

CURRENT WESTINGHOUSE
EVALUATION MODEL ANALYSIS NEW U.P ~ I ~ ANALYSIS

PEAK CLAD
TEMPERATURE

'PEAK CLAD
TEMPERATURE

WEP/WIS

RGE

NSP/NRP

WPS

2.32

2.'32

2.32

2.25

1965

1957

2187

2172

2.32

2.32

2. 32

2.25

1872

1852

2067

2052



J



January 1,7, 1978

Edward Luton, Esq., Chairman
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Comiission
Washington, DC 20555

Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Comission
Washington, DC 20555-

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

In the t1atter of
Rochester Gas 5 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 gualification of Safety-Related
Equipment. NUREG-0413 on that subject is also enclosed. The letter
directs RG5E to submit certain identified information to the Staff
within 60 days from December 23, 1977.

Sincerely,

Auburn L; Mitchell
Counsel for NRC Staff

Enclosures
As Stated

cc w/encl: Leonard H. Trosten, Esq.
Nr.F 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

'ocketing and Service Section

Dist
NRC Central
LPDR(2)
Shapar
Engelhardt
Grossman
Scinto
Reis
Nitchell
Chron(2)
FF(2)
Ketchen
TWambach
ASchwencer

OELD
t4i t -hei-1 /dmr

j /ir 78

OFFICC~

5 II5 HA M C ~

Form hXC-318 (Rev. 9.$ 3) AECM 0240
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Nr. thichael Slade
12SO Crown Point Drive.
Webster, New York 14580

January ll, 1978
r

~<C ~
Dist
NRC Central
LPDR(2)
Shapar/Engelhardt/Grossman
Scinto
Reis
Mitchell
Chron(2)
FF(2)
Ketchen
Wambach/Schwencer

In the thatter of
Rochester Gas 5 Electric Corporation

(R. E. Ginna Nuclear Power Plant, Vnit No. 1)
Docket No. 50-244

Dear Hr. 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,'uburn

L. Mitchell
Counsel for NRC Staff

Enclosures
As Stated

cc w/o encl: Edirard Luton, Esq., Chairman
Dr. Franklin C.

Daiber'r.

Emmeth A. Luebke
Leonard N. Trosten, Esq.
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

OFFIC5~

SURNAME&

OATC

9t'ELDHit H+
OELD
Reis .

Form AEC-515 (Rex. 9-53) hECM 0240 0 U, 5 OOVCRNMCNF FRINTINO OFFIC ~ I 55
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