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est residence (750 feet) is small,; about 0.1 roentgen, due to direct
radiation from fission products in the coolant system.,

The hazards associated with a complete core meltdown have been
computed, though it appears highly unlikely that such an incident
would occur.  Results are indicative of the maximum possible hazard.
It was assumed that complete meltdown of a full life core occurs
during full power operation, releasing 100 percent of the volatile
fission products (including iodine) to the reactor building, and an
internal container pressure of 1 psig exists during the entire release.
One hundred percent of the volatiles constitutes 88 percent of the
total fission product inventory. It is reasonable to assume that essen-
tially all of the nonvolatiles would be retained by the coolant, since
the coolant would not be vaporized. The following tabulation rep-
resents the probable hazards at the nearest controlled area boundary
(750 feet) from direct building radiation, direct radiation from the
cloud, and the total integrated thyroid dose, assuming release of the
cloud to the atmosphere occurs only through normal leakage from
the building. Inversion conditions were assumed.

Torarn INtEGRATED Dosk RartesYar 750 Ferr Resverivg rroMm Core MEir-
DOWN ACCIDENT

Exposure time Direct radiation Direct cloud radintion | I'hiyroid dose

Jduy o e | el 818 Tam o <-.| 80 rem.
Lovaekaie o an i g iakenas 44 rem S sisasoB8 TOIM Not applicable,

Examination of the above results indicates that this hypothetical
“worst possible” situation would not result in injurious dose rates,
particularly in view of the opportunity for evacuation from the
nearby areas. Any credible accidents would cause substantially lower
exposure possibilities.

Atomics International Division of North American Aviation be-
gan activities in the nuclear field in 1946. Among its major products
in the nuclear field since that time have been research and develop-
ment programs involving sodium cooled reactor systems and or-
ganic moderated reactor systems. In connection with the former,
the Company constructed and operated the Sodium Reactor Experi-
ment, and with the latter, the Organic Moderated Rezetor Iixperi-
ment, both for the Commission. The company has built thirteen so-
lution type research reactors for Government and private organiza
tions in the United States and abroad. In addition, the Company
has been a contractor for the Atomic Inergy Commission in the
developing of reactors, including the Iinetic IExperiment on Water
Boilers (KIEWB) and Satellite Nuelear Auxiliary Power Systems
(SNAP), and in conducting various developmental studies and has
participated in various research and development programs relating
to reactor systems. The Atomics International Division now has ap-
proximately 2,600 employees, of whom 285 hold advanced degrees.

The Piqua organic moderated reactor was preceded by the Organic
Modnr:xte(ﬁ Reactor Experiment (OMRIE). 'This was constructed to
demonstrate the feasibility of the organic reactor concept and to
study the behavior of organic coolants under power reactor operating
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conditions. The OMRE consists of a 12 megawatt thermal reactor
and has been operated at conditions generally similar to those pro-
posed for the Piqua reactor since September 1957, accumulating a
total of 1,400 megawatt days of service to date on two cores.

The design, construction and safety features under the operating
procedures of the Piqua reactor are based on this experience. To
date the performance of OMRIS has been satisfactory.

The Advisory Committee on Repctor Safeguards has reviewed
ayailable matter concerning the proposed Piqua reactor, including
the Preliminary Safeguards Report issued by North American on
April 13, 1959, and the supplement thereto issued July I, 1959, In
its Report to the Chairman of the Atomic Energy Commission dated
July 25, 1959, the Committee stated:

“The Committee's comument on previous proposals have been reported.  In

the most recent letter upon such proposals, May 18, 1959, it was stated

. the site as now proposed may be considered as not creating an undue

public risk provided (a) adequate containment is constructed as now e

scribed by the applicant, (b) the maximum leakage rate for the contaimment

is reduced to an acceptable low value, and (c¢) that this relatively new
reactor system is adequately designed.

“I"rom the information obtained and discussed, it appears requirements (a)

and (b) will be satisfied and progress toward (¢) adequate design and

control of this new reactor system, is satisfactory.

“Dependent upon meeting the qualifications above, the Committee conchides

that this reactor, as now described, may be constructed and operated at the

site selected without undue risk to the health and siafety of the public.”

In addition to the foregoing findings and conclusions, and based
tupon the evidence of record, the contentions of the participants and
the proposed findings and conclusions, it is further concluded as
follows:

1. The City of Piqua, Olio, is a municipal corporation organized
and existing under the laws of Ohio and is qualified and authorized
to engage m the generation and distribution of electric power in
territory adjacent to the City of Piqua.

2. The Atomics International Division, North American Aviation.
is technically qualified to design and construct the reactor.

3. Suflicient information has been presented to provide reasonable
assurance that a nuclear reactor of the general type planned can be
constructed and operated at the si‘e described in the Preliminary
Safeguards Report without undne risk to the health and safety of
the public.

4. Construction of the reactor at the site will not be inimical to
the common defense and security or to the health and safetv of the
public, :

e : o ; :

A, There is reasonable assurance that technical information omitted
from, and required to complete, the Preliminary Safeguards Report
filed by Atomics International Division, North American Aviation,
Ine., will be supplied; and
. 6. No good cause has been shown why Atomics International Divi-
sion, North American Aviation, Inc., should not proceed with con-
struction of the reactor at the site.

Wiugererore, v 18 OrpERED, subject to review by the Commission
}:%:‘(()In 1ts own motion or upon appeal, after exceptions, if any, are
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A. The Commission authorizes Atomics International Division.
North American Aviation, Inc., to proceed with the construction of
the reactor in accordance with the design set forth in the Prelim-
inary Safeguards Report and the supplement thereto filed by North
American with the Commission.

B. This authorization is provisional to the extent that an authori-
zation to operate the facility will not be issued by the Commission
unless a final Hazards Summary Report is filed by the company and
until the Commission has found that the final design provides rea
sonable assurance that the health and safety of the public will not
be endangered by operation of the facility.

C. Exceptions, if any, and briefs in support thereof. must be filed
by January 27, 1960; briefs in opposition thereto shall be filed by
January 29, 1960; and if the Commission does not initiate a review
on its own motion, and no extensions are filed, this decision shall. in
accordance with the Commission’s Rules of Practice, become final on
January 28, 1960.

Sayuen W, JeENscr.
Pre .w'(//‘)l.// Uff[‘r-rr,

Byrropver MATERIAL LICENSE No. +-1605-2BH0 Axp No. 4-5744-1

IN THE MATTER OF ADVANCE INDUSTRIAL X-RAY LLAB
ORATORIES, A DIVISION OF AIR FRAME INSPECTION,
INCORPORATED, RESPONDENT AND ADVANCE INDUS
TRIAL X-RAY LABORATORIES, INC., APPLICANT

/\x//p 4/ -/r.'//llfll'f/ /' .’. /:/’(A‘/)

APPEARANCES :

Robert L. Thatcher, Esq., for Applicant

Var Singer, Esq., for Staft (Robert Lowenstein, Lsq., Counsel for Division
of Licensing and Regulation with him on the brief).

INTERMEDIATE DECISION

Advance Industrial X-Ray Laboratories, Ine. (Advance), Los
Angeles, Calif., filed an application on April 15, 1959, for a Byprod
uct Material License which would authorize it (o nse by product mate-
rials for the performance of radiographic services, such as testing
welds and other metal fabrications.  Advance was organized in part
by employees of licensee Air Frame Inspection, Inc., also of Los
Angeles (Air Frame), which encountered financial difliculties in
February and March 1959 and ceaced doing business in May of that
vear.  Air Frame purchased a radiographic business in 1957 and
operated it within what ultimately became a division of its opera-
tions under a designation which was similar to the name of the pres
ent corporate applicant for license.  During the course of operations
of this division by Air Frame, an incident occurred wherein there
was loss of some byproduct material and several pe sons were ex.
posed to radiation which in some cases may have been in excess of
permissible levels.!

Advance, as the applicant in these consolidated procecdings, has
undertaken to continue the radiographic services once performed by
Air Frame. Prior to the filing of the application, Advance informed
the San Francisco oflice of the Commission of its intentions (o ac
quire and continue the radiographic services undertaken by Air
Frame, and thereafter, Advance filed its application. In connection
with this transfer, Air Frame, by letter to the Commission, stafed
that it . . . would like to cancel . .. (its license) . . . in favor of
Advance . . . Advance is being maintained and operated under the
same personnel and equipment as shown on atiached sheet.”  (Paren-
thesis supplied).

Hearings on the application filed by Advance were held in Los
Angeles on September 16 and 17, 1959." No other persons other than
Air Frame, A(llv:nwo and the Stafl entered appearances. Briefs were

1 The circumstances surrounding this incident were {he subject of a previous hearing
held In Los Angeles in July 1058,
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filed on November 19 and 27, 1959. Included with the hearing on
the application were two other, but related proceedings: One, a re-
mand 2 for possible modification or disposition of the earlier pro-
ceeding involving Air Frame which arose out of the loss of byprod-
uct material; and, second, an order to show cause why Advance should
not discontinue using byproduct materials then licensed for use by
Air Frame. Advance filed an answer to this show cause crder alleg-
ing that it was an agent or a division of Air Frame and authorized
to use the licensed byproduct materials. Prior to the hearing Ad-
vance consented to discontinue the use of the byproduct material
pending these proceedings.

After completion of the hearings, Advance filed a motion secking
a temporary license to permit it to resume radiograplic services.
and with no objection by the Staff, an order to that effect was en
tered.  Thereafter, the Division of Licensing and Regulation issued
a temporary license to Advance.

The hearings in these consolidated proceedings were expedited by
the stipulation proposed by the Staff and accepted by Air Frame
and Advance, substantially to the effect ® that Air Frame be and is
no longer a party to the proceedings, but that considerations of the
adiographic operations by the individuals acting cither for Air
Frame or Advance would be material in determining the qualifica
tions for Advance to receive its requested license. The stipulation
therefore permits a comparison of radiographic operations under
Air Frame and the improvements, if any, under Advance. The Staft
has concluded that, while there ave some improvements, they are
not such as to be beyond criticism, but nevertheless reflect adequate
compliance with the regulations of the Commission and the operat -
ing procedures proposed by Advance and the former procedures of
A Frame. Therefore, the Staft recommmends that a leense issue
to Advance for a limited period pending further review. \s :1])\»(-:11\
hereinafter, this conclusion and recommendation of the Stafl are
adequately supported by the extensive record herein.

The consideration of the application by Advance necessarily in
cludes the prior operations undertaken by the same individuals act
g under the previous Air Frame management. It appears that o
substantial responsibility for the lack of compliance by Air Frame
with Commission regulations, and the operating procedures devised
by Air Frame, was due to a division of authority and inadequate
managerial control over its radiographic services. The 1955 hear-

2T'he Order of the Commission, dated July 15, 1959, prescribed the following matters
for considoration :

(n) The effect upon the proceeding of the alleged change of the ownership and mannge
ment of Respondent, Advance Industrial X-Ray Laboratories :

(b) Whether or not a license shoulid be issued to Applicant Advance Industrial N Ruay
Laboratories, Inc. ;

(¢) Compliance by Respondent and its personnel, including such personnel as miy now
be connected with Applicant, with the terms of the Temporary Order dated June 13, 1058,
as modified ;

(d) Such other matters as may appropriately come before the Hearing Examiner,

3 Specifically, the stipulation proposed by the Staff was:

(a) Whatever be the decision on the application for license, certain operating procedures
must be more adequately developed.

(b) Air Frame wished to terminate participaticn in the proceedings, and the Stafi and
Advance agree this renders the “old proceeding moot."”

(¢) Advance woula cease using the byproduct material licensed to Air rame.

(d) Advance admits its uromtlnuu since January 23, 1959 to be unlicensed operations,
but that Advance has not wilfully violated the Act or regulations.

(¢) Any violations by Air Frame are relevant in the consideration of the application
filed by Advance,
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ings respecting Air Frame established a lack of adequate and etfective
control prior to the May incident involving the loss of the capsule
of byproduct material. Air Frame endeavored to adopt corrective
measures after May, and at the Learing in July, requested advice as
to further improvement in operating procedures. The hearings held
in the instant proceeding in 1959 indicate that, before completely
adequate compliance with regulations and procedures could be at
tained by Air Frame, it was beset with financial difliculties.  As a
result, those individuals who were actually engaged daily in the
radiographic work sought to separate out this activity from An
IFrame. and under the guidance of one of them, created a separate
corporation.

At the recent hearings and in its brief. the Staft detailed signifi
cant items which occurred in the activities of Air Frame as licensee,
and the services undertaken by Advance, either as an unlicensed user
of Air Frame's byproduct material, or as the elaimed agent of Air
Frame.t  This review included the procedures respecting possible
exposures to radiographic service, use of properly calibrated survey
detection instruments, the periodic testing and calibration of survey
detection instruments. the proper and regular use of pocket dosime
ters and film badges, and the sufliciency of instructions to personnel
conducting camma ray inspections.  As reflected in the 1955 hearing.,
Adr Frame had deficiencies in all of the foregoing deseribed phuses
of radiographic work.

With this backeround for the 1959 hearvings, the Stafl developed
that most deficiencies had been removed by the cloge supervision
conducted by the now principal oflicer of Advance, who had been
given individual authority over the vadiographic operations after
A Frame had sustained the May 1958 incident.  The improve
ments shown in the changed operations resulted in (1) five eniploy
ces, including both of the field supervisors, being given formal in
struction in radiation safety by Dr. Gordon Locher of Western Ra
dintion Laboratories: (2) personnel engaged in using gamma rays
for radiographic work receiving copies of statements of radiographic
operating procedures and certifying that they read and understood
the procedures. (3) ealibrated and operable survey instruments bhe
ing used regularly, (4) adequate surveys of arveas for radiographic
services being properly posted and roped, as well as being measured
with detection instruments to determine areas for permissible limifs
of radiation: (5) a program of management supervision of field
safety practices being conducted; (6) radiation survey instruments
being inspected and calibrated at regular intervals, dosimieters being
assioned to all gnmma ray personnel: and (8) the readings being
recorded in a comprehensible and useable manner.

Substantial as are these improvements in the radiographic work.
some aspects are still subject to betterment, particularly in reference
to the preparation and maintenance of records of surveys and do-
simeter readings.” It was evident at the recent hearings that Ad-
vance sought suggestions for improved procedures in this regard, and
indicated that it would adopt and incorporate into its operating pro

4 At the hearing, as shown in the stipulation, Advance admitted that it was aeting with
out authority in using Air Frame's byproduct material,

5 Advance contended at the hearings that present Commission regulations, particularly
Secetfons 20,401 and 20,201, do not prescribe the exact method of maintaining records
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cedures changes that would more fully comply with Commission
regulations. i

In summary, it is reasonable to conclude that. while the existing
preparation and maintenance of the records may not be in strict com-
piance with Commission regulations, nevertheless. adequate records
were made and reasonable compliance was had. This conclusion.
when coupled with the specific commitment of Advance to comply
with the reguls “ions, as Advance now understands the requirements,
provides rease  ble assurance that, if Advance were to be licensed.
there will be no violations in this regard.

A Stafl witness testifiea that four principal considerations were
important in making a recommendation to issue a license for the use
of byproduct materials; the equipment proposed to be used, the fa.
cilities available, the procedures proposed by the applicant as the
method for undertaking the proposed use of the byproduct material.
and the qualifications of the applicant and its staff to safely conduct
the program that he proposes to conduct. The recommendation re
flects a composite consideration: and. any one of the four aspects
may have a greater weight in varying cases. In addition. even after
mitial Heensing, a change in practices or operations by a licensee may
warrant a recommendation to alter the licensed activities by the
imposition of new conditions, or to permit changes in the operating
procedures, which are devised by a licensee, and submitted to the
Commission for approval.  In the instant case, two of the alleged
violations, pertaining to Air Frame or Advance. were based on oper
ating procedures that proved unworkable, or at least. diffcult. to
adhere to, under the existing working conditions. One, for instance,
was the requirement which designated the principal oflicer or em-
ployee to personally record dosimeter readings. At the hearings, this
requivement was termed “impossible” by Advance. A violation in
this regard appears to have been avoidable if a revised operating
procedure has been submitted (o the Commission. to specify another
method of preparing and maintaining sueh records, An approval of
such a change would have eliminated the burdensome requirement
for the president of the licensee to stand by for the completion of
radiographic services in the field, in order to write a record of
dosimeter readings. The Commission, of course. cannot be advised
whether an operating procedure is feasible unless information is
presented to it,

The evidence in the instant case reflects the endeavors of the In-
spection Division to assist this licensee in its compliance, but insofar
as the record reveals, no previous mention was made of these two
phases of operating procedures that were proving unworkable. The
Stafl, in its brief, apparently recognizes the character of such vio-
lations.  Air Frame and Advance were providing other records of
dosimeter readings which were adequate and Air Frame had had
semi-annual instead of quarterly calibrations and checks of the detec-
tion mstruments, which were adequate, yet, in the striet sense. con-
stituted violations of its prescribed operating procedures.

The principal concern. in these proceedings in reference to the
above described four main considerations in licensing proceedings,
is not whether the equipment or facilities were adequate, nor whether
the prescribed operating procedures were sufliciently detailed and in-
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telligible. Rather, it is whether the personnel would regularly and
continuously comply with the regulations of the Comnussion, and
these operating procedures. As is evident in this review of the rec
ord, substantial strides have occurred in operating practices involy
ing these personnel, either under Air Frame's control or the initial
steps undertaken by Advance® It is, therefore, concluded, as the
Stafl recommends, that a license for a limited period should be issued
to Advance with provision for special operating procedures which
will permit the radiographic work to continue.

In' connection with this disposition of the application filed by
Advance, and in the light of the insolvency of Air Frame. it would
not serve any useful purpose to do other than grant the joint motion
made by the Staff and Advance to dismiss the proceedings mvolving
Air Frame. One point that may be clarified in connection with that
dismissal is to note that the prior Intermediate Decision. or Initial
Decision as the Administrative Procedure Act terms it, made pro
vision for close supervision by the Commission Stafl over the par
ticular users of the radiographic equipment utilizing the by product
material license for use by Air Frame. This provision was made in
view of the apparent endeavors of Air Frame to remedy its defi
ciencies in the operating procedures and to develop better and safor
use of radiographic equipment. Special license provisions or condi-
tions may vary from case to case depending upon the particular ne
cessities of an applicant, as well as upon the developig nature of
the regulatory program in reference to byproduct source materials,
To this extent the consideration of special conditions proposed for
licensing considerations cannot be relied upon as a precedent, due to
varying circumstances affecting different applicants; and, therefore,
the special conditions proposed in the prior Intermediate Decision
ave applicable only in that proceeding pertaining to Air Frame.

In the instant proceeding, other special conditions are believed
advisable for Advance, such as provisions for the selection, training
and testing of personnel using licensed materials, the establishment
and statement of clear lines of authority and responsibility within
the Advance organization, the techniques to be used {o assure eflee
tive management control of radiation safety, and the monthly sub
mission to the Atomic Energy Commission of the field radiography
services performed by Advance.

In addition to the foregoing findings and conclusions, and upon
the basis of the record of all of the evidence adduced herein, and the
briefs and contentions of the parties herein; it is further found and
concluded that :

1. Advance, the applicant for a license to use byproduct source
materials, as provided by the Atomic Energy Act, as amended, is a
California corporation, with address of 3538 Fowler Street, Los
Angeles 63, Calif., whose Articles of Incorporation were filed on
February 19, 1959, Applicant’s Board of Directors is composed of
Edwin Y. and Mary C. Martindale and Matthew Q. Bastardi. Ed-
win Y. Martindale is President.

6 It cannot be sald that Advance was wilfully endeavoring to defy regulatory supervision
in using Alr Frame's licensed byproduct material, Advance stated at the hearing that it
thought that after reporting the acquisition of Alr Frame's division to the San I'rancisco
office, and sending the application for license to the Washington office of the Atomic
Energy Commission, that either Advance would ‘. . . recelve an answer that it wasn't
proper, or be issued a license immediately."”
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2. On April 15, 1959, Advance Inc. filed with the AEC an appli-
catinn for &« byproduct material license. Pursuant to a motion by
the AEC Staff, dated June 23, 1959, the April 15, 1959, application
was referred to the Presiding Officer by the Commission in its Orvder
of July 15, 1959.

3. The Advance application covers six iridium 192 and two cobalt
60 sources of 40, 60, 10, 2, 10, and one curies of activity respectively,
for use in the industrial radiography business. An Administrative
Control and Operating nstruction is part of the application. Ad
vance as an applicant is the holder of License No. 457441, issued
Septemiber 25, 1959, pursuant to the Interim Orvder for Temporary
License by the Presiding Officer of the same date.

4. From about February 22, 1059, to August 27, 1959, Advance
conducted in its own name an industrial radiography business. L
the course of this business employees of Advance possessed and used
byproduct material which had been covered by Air Frame's license
No. 4-1695-2B59.

b. License No. 4-1695-2B59, as renewed, under which Kdwin Y.
Martindale thought he was operating, required that Martindale pre
pare and maintain certain records of dosimeter readings. and for
others to prepare and maintain survey records in reference to areas
where radiographic services were performed.

6. As set forth above in reference to variances from the prescribed
operating procedures, and in other aspects, there was no evidence
concerning the operations by Advance which showed substantial
non-compliance with the regulations, the Act, as amended, or the
license under which Martindale thought he was operating.

7. Edwin Y. Martindale, the principal oflicer of Advance, has the
technical background necessary to supervise the radiation safety
responsibilities involved in the proposed license; and Richard Lent
and Donald IHavbison, the other users specified in the application
filed by Advance, have the technical background necessary to act as
field supervisors, under the general supervision of Mr. Mactindale.
for activities covered by the proposed license. 'The storage site and
facilities available to the Applicant are adequate,  An adequate
arrangement for consulting and other services has been made with
Dr. Gordon Locher of Los Angeles, Calif., who is qualified to per-
form such services.

8. The joint motion made by the Staft and Advance should be
granted to dismiss the proceedings against Air Iframe, pursuant to
the remand of the proceedings by the Commission to the Presiding
Officer.

Witererore, 11 1s Orberen, in accordance with the Commission’s
Rules of Practice, subject to review by the Commission on appeal
or on its own motion, that:

I. The application dated April 15, 1959, filed by Advance Indus-
trinl X-Ray Laboratories. Ine., 3535 Fowler Street, Los Angeles 63,
Calif.. as applicant for a leense to use byproduct materials is granted
in accordance with the provisions of the Atomic IEnergy Act, as
amended, and rules and regulations issued thereunder, subject to
the following terms and conditions that the Division of Licensing

-
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and Regulation issue to Applicant a 1-year license to process and
use byproduct material listed in its application of April 15, 1950

1. The license shall not be issued until the Applicant submits by
amendmert of its application, satisfactory information as to:

(1) the qualifications and training which will be required for
various jobs in connection with licensed activities:

(11) the tests, certifications or other procedures which will be
used by Advance as licensee to assure that each emplovee will
have the required qualification and training; '

(1ii) the authority with respect to licensed operations and radio
logical safety which each position within the lcensee's organiza
tion will be given;

(iv) the procedures and forms to he used by the licensee to
assure maintenance of survey records: :

(v) the procedures and forms which will he used by the cor
porate management of the licensee to assure that the vequirements
of the license are fulfilled by employees: and

(vi) such other matters as may be developed on a vecord through
stipulation or by a hearing to be required by the vegulations.

b. The license shall require that the licensee submit to the Com
mission on a monthly basis a list of the field radiography jobs that
have been performed by it with byproduct materials: and that such
list shall include for each job the name and address of the customer
and the loeation and date of the job.

2. If the parties do not agree npon the terms of the foregoing
provisions of the proposed license or the information to he furnished
by the Applicant to complete the application, either party may by
motion request the Presiding Officer to reopen the proceeding and
issue such further order as may he appropriate. ‘

3. The temporary license issued to the Applicant on September 25,
1959, pursuant to the Interim Ovder for Temporary License of
September 25, 1959, shall be continued until a license is issued pur
suant to this Order, provided that, unless extended by order of the
Presiding Odicer, on motion of any party, it shall éxpire 90 days
after this Order becomes final. ' ' :

L. The joint motion made by the Staff and Advance (o dismiss all
pending proceedings against Air Frame Inspection. Tncorporated,
melnding its Division known as Advance Tndustrial X-Rav Labora
tories, 1s granted and all such pending proceedings are dismissed
and Atomic Energy Commission License No. 4-1695-2B59 as here
tofore renewed is revoked and terminated.

It 18 Furrier Orperep that the date of issuance and service of
this Intermediate Decision is January 12, 1960: that exceptions, if
any, and briefs in support of such éxceptions hereto may be filed
on or before February 1. 1960; briefs, if any. in opposition to such
exceptions may be filed on or before February 3. 1960, In the
absence of any exceptions being filed, or in the absence of any review
by the Commission on its own motion, this Intermedinte Decision
shall become final on February 2, 1960,

]

Samuern W, JeNscrr,
Presiding Officer.




Docker No. 50-146

IN THE MATTER OF SAXTON NUCLEAR
EXPERIMENTAL CORTFORATION

[ssued Janvwary 21, 1960

APPEARANCES :
(feorg> F. Trowbridge, Fsq., o Marks & Trowbridge, for Applicant.
Maurice Axelrad, Fsq., for Staff of Atomic Energy Commission.

INTERMEDIATE DECISTON

Saxton Nuclear Experimental Corporation (Saxton) organized as
a non-profit corporation under the laws of the Commonwealth of
Pennsylvania, filed an application on July 24, 1959 pursuant to the
provisions of Section 104(b) of the Atomic Energy Act of 1054, as
amended, for a construction permit to authorize the building of a
nuclear power reactor. The application requests authority for both
a construction permit and an operating license, but this proceeding
is limited to the initial undertaking involving the construction per-
mit. The issuance of a construction permit depends only upon a
finding by the Commission that a facility of the general type pro-
posed can be constructed and operated at the speviﬁud location with-
out undue risk to the health and safety of the public. The construc-
tion permit does not constitute final approval of any technical speci-
fication of the facility. This limitation of the proceeding to the
construction permit contemplates that a subsequent proceeding will
be convened to consider the issuance of an operating license. :

The nuclear power reactor sought to be constructed by Saxton is
a closed cycle pressurized water reactor with a nominal rating of
20 MW (thermal) which is proposed to be connected to an existing
turbine generator at the Saxton, Pa., steam generating station of the
Pennsylvania Electric Company. It is proposed that the reactor
will primarily be utilized (1) for experimental purposes, specifically,
for the demonstration of the capability and life of various cores
that will be used in the reactor; (2) for obtaining data on individual

.test fuel assemblies, as well as entire reactor cores, that will improve

the overall economics of large-scale commercial size reactor cores;
(3) for determining optimum primary coolant operating conditions.
including the possibility of some bulk beiling in the reactor core;
and (4) for obtaining information during the latter stages of the
research and development program that will be helpful in designing
a nuclear superheat reactor, or a reactor containing a superheat
section,

Pursuant to the notice published by the Commission, a hearing
was held in Germantown, Md., on December 15, 1959. Appearances
were entered on behalf of Saxton and the Staff of the Commission.
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No other persons expressed a desire to intervene or to otherwise par
ticipate in the proceedings. The issues specified by the Commission
for consideration were:

(1) Whether there is information suflicient to provide reasonable
assurance that a utilization faciity of the type proposed in the
application can be constructed and operated at the location proposed
therein, without endangering the health and safety of the public:

(2) Whether there 1s reasonable assurance that the technical in
formation omitted from, and required to camplete the application
will be supplied.

(3) Whether Saxton is technically qualified to design and con
struct the proposed facility:

(4) Whether, pursuant to Section 50.40(h) of the AC's Regula
tion, Saxton is tinancially qualified to design and construct the facil
ity : and

(5) Whether the issuance of the construction permit will he
inimical to the common defense and security or to the health and
safety of the public.

Saxton is a subsidiary of Pennsylvania Electric Corporation,
Metropolitin Edison Company, New Jersey Central Power & Light
Company, and Jersey Power & Light Company, which four utilities
are operating subsidiaries of General Public Utilities Corporation,
n registered public utility holding company.  Saxton has entered
mto a contract with Westinghouse Electric Corporation (Westine
house) for construction * of the proposed reactor for the total lixed
st of 86,250,000, which figure 1s stated to be not subject (o esen
lation.”

The four utilities owning Suxton have agreed, subject to approvils
of applicable regulatory commissions, to supply the necessary funds
for this construction, as well as provide an additional sum of ap
proximaiely $2.250,000 % for estimated costs of operation over a
s-year period. Westinghouse has contracted to (1) design, con
struet, and furnish to Saxton the complete nuclear steam generat g
plant, together with certain nuckear and nonnuclear supporting
facilities; (2) furnish all fuel requirements for the first 5 vears of
operation after initial criticality; and (3) conduct a substantial
preoperational and postconstruction research and development pro
aram over a period of 5 years, including the furnishing of certain
equipment and personnel. Westinghouse has also agreed (o assume
financial respousibility for all special nuclear material needed dur
g the period of operation as required by Commission regulations,
and to pay directly to the Commission the charges in connection
with such materials.

The research and development project to be undertaken by Saxton
will involve operation of the reactor under utility operating condi-
tions, with primary emphasis on lowering nuclear power costs
through exploring the possibilities of imereasing nuclear fuel use

Dll;ﬁ]l:gpr]tfxn]xzt[:gl completion date is not earlier than December 1, 1961, nor later than
wosthuhotuss Drebubis, the Tobr nilb el B SEEerd upn briween Sexton eod
Hd;’lillr“‘ltl;:lltfaal:ll:ltllsi\ not sum:'l(-nt the “llt‘-l yni '\ " : av ‘mw L
provide ehac wddlcionnl iy nesded o omdor focnrry®out ikt oblncutin S et S
1959, pp. 6603, » Opindon and Final Decisfon, May 26,
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efficiencies and economies and lowering future nuclear power plant
capital costs. The program will include experimental operation of
the reactor with different cores, with ditferent flow conditions, with
different arrangements and procedures, and with experiments in
volving transient conditions of operation within limited ranges.
FFinal safety analysis of the experimental program must await de-
tailed design of the reactor, development of detailed experimental
programs, and information about the reactor to be gained in actual
operation of the plant. Saxton and the staff agree. however, tha
there is no reason why a suitable experimental program cannot be
developed and safely carried out with the Saxton reactor along the
general lines presently proposed by Saxton. The detailed plans for
experimental operation of the reactor will be reviewed and evalu-
ated by the Commission in connection with the issuance of an oper-
ating license,

The proposed reactor is to be built on a 150-acre site owned by
Pennsylvania Electric Company and located about three-fourths of
a mile from the borough of Saxton in Liberty Township, Bedford
County, Pa. The Borough of Saxton is approximately 95 air miles
ast ot Pittsburgh and 72 air miles west of Harrisburg. The area
surrounding the site is sparsely settled, with a population of approxi
mately 18,000 persons within a 10-mile radius and a population of
less than 1,800 within a 1-mile radius of the site.

The Saxton Steam Generating Station is located on the Ravstown
Branch of the Juniata River. This branch flows northeast and Joins
the Frankstown Branch of the Juniata River to form the main
branch of the Juniata River, emptying into the Susequehanna River
above Harrishurg, Pa. Public water supplies in this area within «
10-mile radius of the site are obtained primarily from springs and
wells, none is derived from ground water in the valley in which the
reactor is to be located. There is no drinking, commercial, or indus
trial use of water from the Raystown Branch of the Juniata River
downstream from the site (approximately 5 miles) : however, several
miles below the site the river becomes a recreational aren. The only
known use of drinking water from the main branch of the Juniats.
downstream from Saxton, is an emergency intake at the Borough
of Newport, 60 miles east of Saxton. This water is filtered before
entering the Borough mains.

Information concerning the hydrology, topography, and geography
of the area, together with preliminary information on meteorology
obtained at the site, indicate that the site is favorable from a safety
standpoint. A continuing program of weather observations and
meteorological investigations will be conducted by Saxton. In addi-
tion, Saxton in the near future will initiate a program of radiation
monitoring in the vicinity of the site, including sampling of air,
water, soil, vegetation, and animal life.

As stated, the Saxton reactor is of the pressurized water, more
particularly of the thermal neutron, heterogeneous type employing
slightly enriched uranium dioxide as the nuelear fuel, moderated
and cooled Ly light water. The steam generated in the steam gener-
ator is directed to an existing turbine generator plant at the site.
The reactor is designed to develop twenty thermal megawatts of
power. To achieve flexibility in the conduct of tests which may be
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run with the reactor facility, the steam generator is designed to
extract a maximum of 28 megawatts of heat from the coolant. The
Saxton reactor is basically similar to the Shippingport Pressurized
Water Reactor (PWR) and the Army Packaged Power Reactor
(APPR), from which an extensive amount of data and successful
operating experience have been accumulated.  Experiments have
been performed with the designated Borax and Spert reactors, which
have characteristics essentially the same as the Saxton reactor, to
mvestigate the characteristics and demonstrate the stability of pres
surized water reactors. The results of these experiments indieate
that this type of reactor. because of its nuclear thermal and hydro
dynamic characteristics, is inherently stable. The Saxton reactor
18 also substantially similar, although smaller in size and power
output, to the Yankee Atomic Electric Company reactor, at Rowe,
Mass.. and the Belgian thermal reactor, being constructed at Mol.
Belgium.

Conceptual design and design criteria for the major components
of the facility have been developed in considerable detail in Saxton's
application and in testimony at the hearings. Although detailed
engineering design of the Saxton reactor is not complete, the infor
mation provided, as partly summarized herveafter, supports the con
clusion that there is reasonable assurance that the Saxton reactor
can be satisfactorily designed and safely operated.  After all engi-
neering details of the plant have been ‘settled, Saxton will submit
additional information to the Commission as an amendment to its
application for construction permit in the form of a final hazards
sunimary report, which information will be considered at the hearing
on the operating license. Saxton expects to submit this information
approximately June 1, 1961,

It is contemplated that the initial core will consist of 32 fuel
assemblies arranged in a grid pattern forming an approximately
cylindrical active core 40.2 inches in height wnd 33.6 inches in diam
eter. The nuclear fuel is uranium dioxide, enviched in the uranium
235 isotope to approximately 3-1 percent, compacted and sintered
in the form of solid cylindrical pellets. The core is similar in design
to the cores of a number of other reactors, particularly the Yankee
reactor, :

The reactor will be contained within a vertical eylindrical earbon
steel pressure vessel approximately 17 feet in overall height, with
an internal diameter of 58 inches and a shell thickness of 4.5 inches.
The vessel is designed and will be constructed in accordance with the
ASME Boiler and Pressure Vessel Code. The design pressure is
2,500 psia. The operating pressure of the primary coolant system
is not expected to exceed 2,000 psia, and relief valves are provided
to limit system pressure transients to less than the design pressure
of 2,500 psia.

The reactor control system, as designoed, is comprised of control
rods and a nuclear poison dissolved in the primary coolant, The
control rods, six in number, are of a cruciform shape containing a
cadmium-indium-silver poison section clad with stainless steel. 'Flw
control rod system design is similar to that used on a number of
reactors. In particular, the rod material and drive mechanisms are
similar to those of the Yankee reactor. The control rode possess
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reactivity values suflicient to shut down the reactor in the hot clean
condition by 2 to 3 percent in excess reactivity, A chemical neutron
poison material, boric acid, will be added to the primary coolant
to maintain the reactor in a suberitical condition when it is cold,
The use of liquid poison for icactor control is heing extensively
studied by Westinghouse with respect to this reactor and the Yankee
and Belgian reactors. The results of these studies to date indicate
that this method of control will be feasible. Since the Yankee and
Belgian reactors will be completed before the Saxton reactor, oper-
ating information on this method of control is expected to be avail-
able for further review before the Saxton reactor is completed.

Standard instrumentation is used to measure process parameters
throughout the plant and neutron levels of the reactor. The usual
protective systems and interlocks for this type of reactor are also
provided. The design of the instrumentation system has not been
completed. IMowever, there are no unusual features proposed, and
no unusual problems are anticipated.

A safety injection system is provided to supply boronated water
to the reactor vessel for cooling the core in the event normal core
coolant is lost. This water can be pumped directly into the main
coolant loop from the refueling water storage tanks. These tanks
have suflicient capacity to provide cooling water to the core for one
hour. After this time, the water which has leaked frem the primary
system and coilected in the lower part of the containment vessel can
be recirculated by sump pumps through the storage well heat ex-
changer and back to the core for continued cooling.

A steel containment shell, partially lined with conerete, will en-
close the reactor and high pressure primary system. The contain-
ment vessel is designed as a pressure vessel in accordance with the
ASME Code to contain-—in the event of a pipe rupture—the flash-
ing of all the primary coolant, including any water or steam that
might be associated with experimental operation of the reactor, to
an equilibrinm mixture of water and steam. The design pressure
1s conservatively chosen, and the integrity of the vessel would be
expected to be preserved in the event of a rupture of the primary
system. The design leakage rate of the containment vessel is 0.2
percent of the contained volume in 24 hours at the design pressure
of the vessel. Experience with other vessels of this type indicates
that this leakage rate can be attained.

Waste disposal facilities will be provided to receive and process
all Tiquid and solid wastes from the plant. Gaseous wastes will be
collected and processed prior to being dispersed through the stack
under monitored, controlled conditions. There are no unusual fea-
fures proposed or anticipated in the waste disposal system, and
there is reasonable assuraunce that a satisfactory design of the waste
disposal system can be developed to monitor, control, and process
plant wastes and permit discharges to the environment within per-
missible limits.

The major accidents that can occur to the Saxton reactor have
been analyzed, including accidents resulting from Acts of God, fire,
human errors, and equipment failures. For most of these accidents.
little or no damage would result. Iowever, for certain types of
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conceivable. but highly improbable, accidents, quantities of fission
produets in the reactor could be rveleased into the containment vessel.
Applicant’s accident analysis indieates that the most severs accident
of this type would result from the loss of coolant due to a pipe
rupture accompanied by simultaneous failure of the safety injection
system. Results of such an accident have been analyzed by the
applicant based on assumptions representing a realistic upper limit
of the quantities of fission products which might be released to the
containment vessel and based on conservative caleulations as to the
radiation dosages to which persons in the vicinity of the site might
he subjected.

Assuming that the containment vessel leaks at its desion rate of
0.2 percent of the contained volume in 21 hours, that atmospheric
dispersion conditions arve the worst that might prevail, ie., a se-
vere temperature inversion exists, and that exposed persons are
unprotected and stand on the site boundary-—approximately 1,000
feet—at the cloud centerline for 8 hours following the assumed acei-
dent, the radiological doses in roenteen or rem to these individuals
are caleulated to be:

Direet radiation to whole body:

From containment_ . _ : 6 roentgen
From leakage . ; i ; 0.8 roentgen
Lifetime dose due to inhalition of nuelides affecting the
following organs:
Bone (Sei=8p8) . o . : 8.5 rem
Thyroid (iodine). ... : o 1,500  rem

Jecause of the assumptions used by the applicant in its accident
and hazards analysis, it is likely that the actual consequences of
such an aceident would be less than those postulated. In the un-
likely event that an accident of the magnitude described by appli-
cant_should oceur, it might become necessary to evacuate a small
number of persons in the immediate vicinity of the site. Fvacua-
tion times are sufliciently long to permit an orderly evacuation of
the threatened area, and plans are heing developed by Saxton to
prepare for this possibility.

Considering all of the factors involved in the analysis of this hy-
pothetical accident, including the conservatism employed and the
unlikelihood of such an accident occurring, the possible dosages
described above represent an acceptable degree of potential hazard
in (puh]ic areas.

)n September 14, 1959, the Advisory Committee on Reactor Safe-
guards reported to the Commission on the Saxton project, in part
as follows:

“Because of the favorahle meteorology, topography, geology, hydrology and

low population density, it is the Committee's opinion there is reasonable

assurance that a reactor of this general type can be constructed and oper-
ated at this site without undue hazard to the health and safety of the
public. A preliminary presentation of the planned research program was

made, Evaluation of this program must be deferred pending more detailed
studies of all phases of design and operation,”

)

Westinghouse has had an extended history in the nuclear energy
and electric power field, including the design, testing, and operation
of nuclear reactors at Arco and Shippingport, and of submarine

628162--62.——20
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reactors. Westinghouse has also been responsible for the design,
and associated research and development of the Yankee reactor, and
the Belgian thermal reactor, which are essentially the same as the
Saxton reactor.

In addition to the foregoing constituting findings and conclusions,
and based upon the entire record in this proceeding including pro-
posed findings and conclusions, contentions and statements of the
participants, the Presiding Officer further finds as follows:

1. Saxton Nuclear Experimental Corporation, a duly organized
nonprofit corporation, existing under and pursuant o the laws of
the Commonwealth of Pennsylvania, is a qualified applicant to re-
ceive a construction permit provided by the Atomic Energy Act of
1954, as amended.

2. The nuclear facility proposed to be constructed by Saxton i«
a utilization facility within the meaning of the Atomic Energy Act
involved in the conduct of research and development activities lead-
ing to a demonstration of the practical value of such facilities for
industrial or commercial purposes.

3. Westinghouse Electric Corporation is technically qualified to
design and construct the reactor, and accordinglv. Saxton has pro-
vided for adequate technical qualifications to design and construci
the proposed facility.

4. Sufficient information has been presented to provide reason-
able assurance that a nuclear reactor of the general type deseribed
in the application and Preliminary Hazards Summary Report can
be constructed and operated at the proposed location without en
dangering the health and safety of the pubiic.

5. Saxton is financially qualified to design and construct the pro
posed facility.

6. There is reasonable assurance that technical information omit
ted from, and required to complete the application will be supplied.

7. The iss ance of a construction permit to Saxton will not he
inimical to the common defense and security or to the heelth and
safety of the public.

Wirrerore, 1 18 Orperep, subject to review by the Commission
npon its own motion, or upon appeal, after exceptions, if any, are
filed:

A. Saxton Nuclear Experimental Corporation is authorized to
construct the nuclear facility described in its application and in
accordance with the design set forth in the Preliminary IHazards
Safeguards report filed with the Commission, and the Director of
the Division of Licensing and Regulation of the Atomic Inergy
Commission is directed to issue to Saxton a provisional construction
permit in the form attached to the Notice of Hearing issued by the
Commission. :

B. This authorizution is provisional to the extent that an authori-
zation to operate the facility will not be issued by the Commission
unless a final hazards summary report is filed by Saxton and until
the Commission has found that the final design provides reasonable
assurance that the health and safety of the public will not be en-
dangered by operation of the facility.
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C. Exceptions, if any, and briefs in support thereof, imust be filed
by February 10, 1960; briefs in opposition thereto shall be filed
February 12, 1960; and if the Commission makes no review on it
own motion, and no exceptions are filed, this decision shall, in ac
cordance with the Commission’s Rules of Practice, become final on
February 11, 1960.

Savuen W, Jensci,
Presiding Officer.




Docker No. H0-20

IN THE MATTER OF YANKEE ATOMIC ELECTRIC
COMPANY

/\ suedd /’I! ///‘IIII/‘.// 20, 1960

Orver DeNyine PerrrioN 1o INTERVENE
AND GraNTING Liastrrep Parrticiearion

On the 4th day of February 1960, a petition to intervene in the
above entitled proceeding was filed by Elliott Earl, Manchester.
Conn., for himself as a customer of the Hartford Llectric Light
Company, and as President and Managing Director of the Institute
for Nuclear Serology of Manchester, Conn. The petition also al
leged that if intervention by Elliott Earl were not permitted in
the proceeding, then request was made for limited appearance in
the proceeding to permit him to file a statement of position pursy
ant to Section 2.731 of the Commission’s Rules of Practice.

In the petition to intervene, Elliott ISarl alleged that the pres
surized water reactor of Yankee Atomic Electric Company (Yan
kee), which is nearing completion at Rowe. Mass., will be utilized.
in part, for the sale of power to the Hartford Electric Light
Company, of which latter company Elliott Iarl is a custoner.
The petition to intervene also alleged that Elliott Iarl was res
dent and Managing Divector of the Institute for Nuclear Serology
of Manchester, Conn., and that he has been following with precisc
are and study certain aspects of nuclear developmental problems
and their management in the public interest, common defense, and
security, and as specifically related to nuclear waste management.

On February 19, 1960, Yankee filed a notice of opposition to the
request by Elliott Earl for permission to intervene on the general
grounds that the interest of such petitioner would not be affected
by the disposition of issues specified in the Notice of Hearing issued
by the Atomic Energy Commission on January 27, 1960.  Yankee
moved in the alternative, however, to grant the request by Elliott
[arl for limited appearance in the proceeding. The Staff of the
Commission filed an answer to the petition substantially similar to
that filed by Yankee. In addition the Staff made a motion to strike
certain material attached to the request or petition to intervene on
the ground that it is irrelevant, immaterial and constitutes adver-
tising matter, The motion is denied for the reason that the attached
material is related to the presentation of qualifications submitted by
Elliott Earl, and as heremafter determined, is insuflicient founda-
tion for the petition.

In reference to the allegations in the petition to intervene (hat
Elliott Earl is a customer of the Hartford Electric Light Company
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it has not been established that a customer of a customer! is auto
matically entitled to participate in proceedings involving the initial
customer, and there has been no showing that the interests of Elliott
Earl, in reference to the service from or the rates of, Hartford Elec
tric Light Company are not alveady adequately protected by the
regulatory authorities having jurisdiction over the customer com
panies involved. Elliott Earl has not alleged that his service from
or the rates of the Hartford Electrie Light Company would be
adversely affected by any action proposed to be undertaken by Yan
kee Atomic Electric Company. '

Elliott Earl, however, has shown himself to be concerned with
nuclear power considerations, and thus is one among many persons
who are similarly situated. That concern, however, does not appear
to be sufficiently substantial, nor supported by any special technical
competence, ana thus the decision to be rendered by the Commission
in this proceeding will not affect in any material way the interest
of Elliott Earl in this proceeding. 1t may be, however, that in view
of the general interest had by Elliott Earl in nuclear power matters,
a statement of position filed by him would add matters entitled to
consideration in this proceeding, and accordingly provision is here
made for him to snbmit his statement either at the outset of the
hearing, or at the conclusion thereof,

The Presiding Officer finds:

1. Good cause has not been established by Eliott Karl to permit
his intervention in this proceeding either for himself, as a customer
of the Hartford lectrie Light Company. or as President and Man
aging Director of the Institute for Nuclear Serology.

2. It may be that a statement of position filed by Elliott idarl in
this proceeding may contribute matters entitled to consideratoin re
gpecting the issues involved in this proceeding.

The Presiding Oflicer orders:

A. The request or petition to intervene in this proceeding filed by
Elliott IKarl on the 4th day of February 1960, is denied.

B. The request filed by Elliott ISarl for a limited appearance in
this proceeding in accordance with Rule 2,731 of the Commission’s
Rules of Practice 18 granted.

Sayuen W, JeNscrr,
Presiding Officer.
1 The Yankee Atomie Power Company project contemplates the sale of power to Its

sponsoring companies, of which Hartford Electrie Light Company is one, in proportion
to the latter's stock interest, which is 9.5 percent.

- -




Byrropucer MATERIAL LIcENse No. 4-G10-"

IN THE MATTER OF X-RAY ENGINEERING COMPANY

Lssued February 29, 1960

OrpER GRANTING REQUEST FOR AMENDMENT 0F LLICENSE BY SUBSTITU-
TION OF KQUIPMENT, AND DENYING REQUEST FOR AMENDMENT OF
Orper Wiicrr SuspENDED CERTAIN L1CENSED OPERATIONS

On February 8, 1960, X-Ray Engineering Company, with offices at
Burlingame, Calif., filed a joint request, first for an amendment of
its Byproduet Material License No. 4-616-3, to permit the substitu
tion of the “Gamma Ray Projector” manufactured by Technical
Operations, Inc., Model No. 489, Style 470, wherever the existing
license, as amended, refers to Isotope Specialties Company. Inc.,
cameras Model No. LSS-2D, or LSS-3A. In support of this portion
of the motion, X-Ray represented that {he cameras issued or manu-
factured by Isotope Specialties Company, Inc., have not proven saf
isfactory when used in the field, and that the projector manufactured
by Technical Operations, Inc., is satisfactory. X-Ray further rep
resented that it does not believe that it is safe to continue to use any
remote control camera as that manufactured by Isotope Specialties,
Inc.. in view of the great possibility of danger in its use.

On February 11. 1960, the Staff filed an answer to this part of the
motion for amendment of license and indicated that it would not
oppose this substitution of equipment, since the Staff stated the
motion related merely to equipment to perform work already au-
thorized, and conferred no new privilege upon X-Ray Engineering
Company. The Stait further stated that it understood that it had
been informed that Style 470 of the gamma ray projector manufac-
tured by Technical Operations, Inc. was no Jonger available, and
had been replaced by that manufactured as Model .\-424-1. In view
of this change, the Staff suggested that X-Ray be permitted to use
either model of the 489 series of cameras.

By the motion filed on February 6, 1960, X-Ray also requested an
amendment of the order issued by the Commission on October 16.
1954, as further amended by Commission Order dated October 28,
1959 to now permit X-Ray to render radiographic service in the
State of Hawaii in order to accommodate a single transaction under
a contract between X-Ray and one of its largest customers. In the
motion, X-Ray prescribed specific conditions which, in its opinion,
would exact compliance by X-Ray with all of the rules and regula-
tions of the Commission in reference to the conduct of industrial
inspection (radiographic services) using atomic byproduct materials.
The Staff of the Commission, in its answer, opposed the granting of
X-Ray’s motion, and stated that for the reasons given at the hearing
which had been convened to consider alleged violations by X-Ray
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of its license, the Staff urged that the public interest requires ter
mination of the X-Ray Engineering Company license.

On February 19, 1960, the Stafl filed its Proposed Findings and
Conclusions and brief in support thereof recommending cancella-
tion of X-Ray's license for alleged violations which are deseribed as
wilful.

[t appears that the operations by X Ray under its license have
been considered by the Commission in reference to the violations
alleged in Commission orders, At the present time. the operations
by N-Ray are limited to the State of California where the mujor
portion of X-Ray's activities are conducted. In support of the mo
tion to enlarge operations to include the State of Hawaii, NX-Ray
has represented that it desires to accomuodate one of its largest cus
tomers, and that a substantial volume of NX-Ray's business depends
upon this customer.

The Presiding Oflicer finds:

1. The Byproduct Material License No. 1-616-3 issued by the Com
mission to X-Ray Engineering Company should be amended to per
mit the use by X-Ray of either model of 489 series of Gamma Ray
Projector manufactured by Technical Operations, Ine. i substitu
tion for models No, LSS 2D or LSS 3A cameras issued by Isotopes
Specialties Company. Ine. A ‘ . .

2. Adequate basis has not been established by X-Ray for modi
deation of the Commission’s Orvder of October 16, 1959, as amended
on October 28, 19549, which Imited N-Ray’s operations to the State
of California.

3. In view of the nature and extent of the alleged violations set
forth by the Commission, the pendency of the consideration thereof,
and the answers respecting thereto, the existing order of the Com
mission dated October 16, 1959, as amended on October 25, 1959, re-
specting the scope of X-Rayv's operations should not be modified or
changed.

The Presiding Ofticer orders: ‘ :

A. The Byproduct Material License No. 4-616-3 1ssued to X-Ray
Engineering Company is amended to permit the use by X-Ray of
either model of 489 series, Gamma Ray Projector manufactured by
Tec'mical Operations, Inc. in substitution for models No. LSS-2D
or LSS-3A cameras issued by Isotopes Specialties Company, Ine.

B. The motion by NX-Ray Engineering Company for modification
of the Commission Ovders issued October 16, 1959, as amended, by
Order of October 28, 1959, is denied.

Samuen W, Jenscir,
Presiding Officer.




Docker No. H50-155

IN THE MATTER OF CONSUMERS POWER COMPANY

Issued March 28, 1960

ORDER For INTERY ENTION AND LiMItep 1)4\1('['1(‘11’.\'1'10‘\'

On March 25, 1960, the State of Michigan, by Paul Adams, its
Attorney General and Jerome Maslowski, Assistant Attorney Gen
eral, filed a petition to intervene in the above entitled matter and
alleged that the State of Michigan, under its police power, is charged
with the duty of protecting the health and welfare of the people of
Michigan, and that its Attorney General should be permitted to in-
tervene herein in order to assist in performing these services. There
is no allegation in the petition that either the construction or opera-
tion of the proposed nuclear reactor will be harmful to the health
or detrimental to the interests of the people of the State. The peti
tion requests participation in the proceeding to the extent the State
believes it necessary to be fully informed of all aspects of the pro-
posed construction and thus perform its obligation to protect the
health and interests of the people of the State.

On March 25, 1960, the Water Resources Commission of the State
of Michigan filed a petition seeking a limited participation in the
proceeding for the purpose of presenting its statement concerning
certain specified waste disposal problems. The petition further al-
leged that information was needed from Consumers Power Company
for consideration before a recommendation could be made that a sat-
isfactory solution had been developed for these waste disposal
problems.

The Presiding Oficer finds:

1. The filing of the foregoing petitions on March 25, 1960 does not
permit an interval of reasonable time to exist before the date of the
hearing of March 29, prescribed by the Conmmission, within which
the Applicant or the Staff may express views concerning those
petitions.

2. The State of Michigan, by its Attorneys General and the Water
tesources Commission of the State of Michigan arve entitled prima
facie, as representatives of public organizations created by constitu-
tion and statute, to pzu‘tici}):ue in this proceeding.

The Presiding Ofticer orders :

A. The State of Michigan, by its Attorney General, Paul Adams,
and Jerome Maslowski, Assistant Attorney General, is permitted to
intervene and become a formal intervener in this proceeding, and the
Water Resources Commission of the State of Michigan is permitted
to enter a limited appearance in this })1‘0('('(‘(“11;{, both permissions
in accordance with the petitions heretofore filed.

S00

CONSUMERS POWER COMPANY 301

B. Consumers Power Company and the Staff may express their
views or objections on the date this proceeding convenes, to the in
tervention by the State of Michigan, as heretofore provided, and
to the limited participation by the Water Resources Commission, and
if objections are presented. reconsideration will be given to this
Order for the aforesaid intervention and limited participation,

SasturL W, JENsoH,
/’/’! S ‘l/"//l/ (theer




Byrrobver MATERIAL LICENSE No. 4-616-3

IN THE MATTER OF X-RAY ENGINEERING COMPANY

[ssued ,-1/7)*/'/ 1, 1960

Onroer GraxTING REceier ixro Evipexce or ApbrrioNan KX
AND GranTING xrension oF Tive vor Fioixa Prorvosep IFiNpiNes

On March 2i, 1960, X-Ray Engineering Company, Burlingame.
Calif.. filed a Motion verified on March 18, 1960, to amplify the rec
ord to include additional exhibits and for an extension of time, and
until April 4, 1960 within which to submit proposed findings and
conclusions as provided at the hearings held in this matter on De
cember 2, 3. and 4, 1959.  On March 30, 1960. the Staff filed its answer
to this motion stating no objection to the receipt of the additional
oxhibits, but opposing the extension of time for submittal of the
proposed findings and conclusions.

In its Motion, X-Ray stated that both it and the Staff had. since
the conclusion of the hearings. reviewed a considerable volme of
documents and correspondence which had occurred in the years 1957
and 1958, and as a result, X-Ray desired to have added to the record
cortain letters and documents which reflected the preparation of spe
cific safety manuals which may be effective for only Hmited desic
nated periods of time, or, as to one proposed manual, X-Ray con
tends that it never became effective. While the Staff does not con
cede the interpretations X-Ray places upon the correspondence, the
Staff doc- not object to the admission of the specified portions thereof.
and the documents designated. The Staff further states that all of
the correspondence during this period might be admitted into the
record, but the Stafl adds that in its opinion it would not he preju
dicial to its position to exclude the balance of the correspondence not
designated by X-Ray.

The Stail objects to the 17-day extension of time for submittal of
proposed findings and conclusions on the ground that X-Ray ha-
already had ample time for this preparation. N-Ray alleged that
most of its preparation time has been utilized in the search for
additional documents and correspondence needed in order to ade
quately present its position in this proceeding.

The Presiding Officer finds:

1. Good cause has been shown for the admission into evidence of
the additional correspondence and documents specified in the motion
filed by X-Ray on March 21, 1960. and further, good cause has heen
shown for an extension of time until April 4, 1960 for the filing by
X-Ray of its proposed findings and conclusions hased upon the rec-
ord herein,
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The Presiding Oflicer orders:

A. The correspondence and documents designated as Fxhibits A
lhrnl_lg:h .A\L ill«‘lll.\i\'t‘. as l]n‘.-(‘l'ihm] in the .\l.nllnn li]wl by N R;l\‘
Engineering Compuny on Mareh 21, 1960, are received in evidence
in this proceeding.

B. N-Ray Engmeering Company may file its proposed findings

and conclusions on or betore \l‘“l : LUl

SAaamuen W. JeNsci,
/,/( \l.l[(.]u/ "/I';’ Gy




Docker No. H0-144

IN THE MATTER OF CAROLINAS VIRGINIY NUCLEAR
POWER ASSOCIATES. INC.

/vx'.\"// r/ 2 1 /'/'l‘/ /,' /,’///’/

APPEARANCES :

George D. Gibson, Esq., and George C. Freeman, Jr., Esq., Hunton, Williams
Gay, Powell & Gibson, for Applicant— Cuarolinas Virginia Nuclear Power Asso
ciates, Inc, -

Maurice Arclrad, Esg., for the Staff of Atomic Energy Commission

[NTERMEDIATE DrcisioN

Carolinas Virginia Nuclear Power Associates, Inc'. (('\'1\1’.\‘) q
non-profit corporation organized under the laws of North (“:n'olmil.
with principal offices at Charlotte, filed an application on July 9.
1959, with the Commission seeking a construction permit and license
to construct and operate a utilization facility pursuant to the provi
sions of Section 104(b) and 185 of the Atomic Energy Act, as
amended.  The application by CVNPA was filed in accordance with
its contract exeented in January 1959 pursuant to the Power Demon-
stration Reactor Program ! which is undertaken by the Commission
in aid of the development of vavious types of nuclear reactor facili-
ties which would be feasible for the generation and distribution of
olectricity.  In addition to the construction permit and operating
license, CVNPA requests aspecial nuclear material license and by
product material license for the contemplated operation, The Com
mission, on January 14, 1960, issued its Notice providing for a
heavine which was held on February 23, 1960. This notice was
]nthShml in the Feprrarn ‘l(]‘,(:ls'l‘l-‘.l{ (Vol. 25, l".R.'!’:l;_rf‘, 522) as
part of the public notice given of the proceeding. The issues spec
fied for hearing were:

I. Whether there is suflicient information to provide reasonable
assurance that a utilization facility of the general type proposed in
the application can be constructed and operated at the location
specified therein without endangering the health and safety of the
public; -

9. Whether there is reasonable assurance that the technical infor-
mietion omitted from and required to complete the application will
Le supplieas

1 (VNPA is sponsored by four established clectrie utility companies :‘l,‘ur«:]inn Power &
Light Company, Duke Power Company, South Carolina Electric & Gas ( orpany, and
Virginia Electric and Power Co.  None of the foregoing utilities nor CVNPA is suhject
to foreign control. The Power Demonstration Reactor program provides in this fnstance
for the reimbursement to CVNPA for its research and development expenses up to approxi
mately $15,000,000, Any excess research and development expenses, and all other cou
struetion costs and all other contractual indebtedness of CVNPA are to be paid by it and
are severally guaranteed by the sponsoring companies,
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3. Whether the applicant is technically qualified to design and
construct the - p()sms facility;

t. Whether - ¢ applicant is financially qualified to engage in the
proposed activities in accordance with Commission regulations;

5. Whether the issuance of a construction permit will be inimical
to the common defense and security or to the health and safety of
the public.

The application by CVNPA, as amended.® describes its project as
essentially a thermal neutron, heterogencous reactor, utilizing verti
eal pressure tubes, and fueled with shightly enriched uranium dioxide
clad in zircaloy. The reactor would employ heavy water as coolant
and moderator. This nuclear facility 1s designed to produce ap-
proximately 17 net megawatts of electric power in the conventional
stean electric generating plant located adjacent to the proposed
facility. The thermal power capacity of the facility is approxi-
mately 60 megawatts. While the proposed reactor is similar in
many ways to a pressurized water reactor of proven design. its use
of heavy water as a coolant and moderator and of pressure tubes
make it a novel type of reactor.

The nuclear plant will be built on property leased from South
Carolina Eleetrie & Gas Company. near Parr, S.("., and adjacent to
that company’s existing hydro and steam electric generating facili
ties located there. The steam produced by the miclear plant will be
purchased by South Carolina Electric & Gas Company for use in
the steam electric generating plant to generate electricity.

The Community of Parr is in a remote, sparsely populated section
of South Carolina. Popuwation density within the 5-mile radius is
15 persons per square mile. The nearest city of any size is Columbia,
which is 25 miles to the southeast. CVNPA will prohibit all resi-
dence within an area with a minimum radius of one-half mile from
the nuclear plant and this area constitutes what has been deseribed
as the exclusion area for the reactor project. CVNPA will promul-
gate safety regulations applicable to all persons within this area,
all as permitted by its lease agreement with South Carolina Electric
& Gas Company. There are no through roads within the exclusion
arvea. The railroad traffic on the single track passing through it and
automobile traflic on the nearby secondary highway could be con-
trolled in an emergency. There is no boat traflic and no recrea-
tional activity on the stretch of the Broad River adjacent to the site.

The nuclear plant will be located near the Broad River. It will
be built on a grade 63 feet in elevation above the normal level of the
adjacent hydro pond, and thus free from the danger of floods. It
will be separated from the river by the hill crest and any surface
run-off from it could be initially away from the river. The perme-
ability of the subsoil at the site is extremely low and would offer
more than average resistance to subterranean infiltration of surface
liquids, consequently there is almost no chance that any radioactive
liquids which might escape during a severe accident would seep into

2 8ix amendments were filed by CVNPA on July 17, 1959, August 6 and 24, 1959, Octo-
ber 23, 1959, December 16, 1959, and January 5, 1960. "TChe record in this p.-ua'm(-dl'mz
included the application and all amendments with the exception of two groups of several
pages, each from Amendment No. 4 which were classified a8 Restricted Data. The first
group of pages was superseded by Amendment No, 5, and the second group of pages was
8till a part of the application, but CVNPA introduced an unclassified version at the hearing.
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the river. The activity level of any light water liquid wastes emptied
into the river will be monitored and will be below the levels specified
in Title 10. Code of Federal Regulations, Part 20, n‘\clmh.ng those
listed in the amendments proposed thereto by the Commission ol
May 27, 1959 (24 F.R. 3537). The possibility of accidental con
tamination of the river is very remote, and, even if it should occur.
it can be diluted by discharges from Parr Dam of sufficient magni.
tude to protect the public. The Ciry of Columbia, the first user ol
river water downstream, is 25 miles away. .

Information concerning the geology, hydrology, seismology and
toposraphy of the area together with preliminary mtnrm:l'tu.m on
nofeorology indicates that the site 1s excellent from a safety stand
oint. CVNPA has set up many instruments fni' various mt(jlm TO

i servations ¢ site rage a continuing
ogical observations at the Sll(“.lllvlf}‘ls Icll;_t;hl« (\I\]\]v\'\l)\ 11“15 be
program of observation and analysis. —In this, £:4 - e
assistance of expert meteorologists of Lm:khvm] 5}13'(‘1':1 t Corpora
tion. In addition, CVNPA has retained Nuclear Science and Fngi
neering Corporation to assist it in the study CVNPA 1s r_n_n(ln«‘_lmi_'
of the natural radioactivity of the area with the cooperation of the
South Carolina Water Pollution Control Authority. .

As stated. the reactor may be considered as a heavy water cooled
and moderated, pressure tube type reactor. This type is a variation
of, but possesses some similarities to the pressurized light water type
of reactor such as the Shippingport, Pa., and tlie submarine reactors.
The general engineering technology of such ])1‘(‘55\11-1xu<1 light “”“‘"
veactors is well developed, and their operating characteristics ar
well known. A large part of this engineering technology and expe
rience is directly applicable to the reactor proposed to be constructed
by CVNPA. This technology is particularly helpful in rv_]:nmu to
the pumps, valves, fittings, and other parts of the pressurized sys
tems of the proposed reactor. .

Although there are no heavy water moderated. pressure tube type
reactors in operation at present. several arve under ‘(-ant)rm-hnn n
the United States and Canada. In particular, the CVNPA reactor
is similar in power level, and in a number of design “oncepts to the
Plutonium Recyele Test Reactor which 1s now nearing completion
at Hanford, Washington, and which should be in operation several
vears before the scheduled completion of the CVNPA nuclear plant.
The experience of these projects relating to the use of heavy water
and of zircaloy pressure tubes should be of assistance n the con
struction and operation of this nuclear plant. .

The reactor fuel will consist of slightly enriched pellets of uraniun
dioxide. These pellets will be inserted into zivealoy fuel rods, each
§ feet long and one-half inch in outside diameter. Nineteen of these
fuel rods will be closely arranged to form a fuel element. Fach
fuel element will be positioned vertically within a leg of zirealoy
U-tube. The reactor will contain 42 U-tubes in all. The U-tubes
will contain heavy water as a coolant, which will be under a normal
pressure of 1,500 psi. _ ' 1

At rated capacity operation the heavy water will enter the U-tube

at 505° F. After leaving the U-tube® it will pass to a boiler where

3 At 556° F.
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its heat energy will be transferred to Light water, converting the
light water to steam. ‘The steam will pass through an oil-fired
superheater to the adjacent steam electric generating plant, where 1t
will be used to generate electricity. The coolant, meanwhile, will
return to the U-tubes, beginning its cycle anew. .\ series of thermal
baflles will reduce the temperature of the U-tabe walls to less than
3007 F. during normal operation.

The reactor also will be moderated with heavy water, which will
be contained in a single vertical tank 10 feet 3 mches o dineter
and 11 feet in height. The lower two-thirds of the U-tubes will b
nnmersed in the moderator.  The moderator will be at atmospherie
pressure.  During normal operation the average temperature of the
moderator will be 150° I, but some boiling of the moderator imme-
diately adjacent to the tube walls may occur. The effects of this
boiling on reactor reactivity and kineties have not been quantitatively
determined. If investigations planned for the research and develop
ment program indicate that this boiling would be detrimental to a
safe level of reactivity and to the kinetics, suitable adjustiments can
be made to eliminate the boiling,

The reactor will be controlled and shut down by the insertion of
32 control rods.  Iach rod will be individually dr'ven at exact speeds
to be determined during the research and development program.
They will be arranged for gravity “scram.” T'he reactor will be
designed to shut down automatically if certain abnormal conditions
occur, including a high neutron flux in the reactor, rapid rise in
reactor power, low main pressure coolant system pressure, low main
primary coolant system flow, and electric power failure. A special
shut-down cooling system will help remove decay heat from the
pressure tubes and cool the primary coolant gystem, after the reactor
lias been shut down.

The reactor possesses a fast acting negative doppler coeflicient.
This coeflicient together with the other characteristics of the reactor
shows that it will possess adequate inherent stability against acei-
dental insertions of reactivity of any magnitude likely to occur. It
is expected that the pressure control system will maintain the re
quired primary coolant system pressure during steady-state opera
tion, limit pressure fluctuations caused by thermal expansion and
contraction of the primary coolant during power plant load tran-
sients, and prevent the pressure in the primary coolant system from
exceeding the maximum allowable pressure. ;

Two independent systems will eliminate or reduce potential haz-
ards from a loss of coolant accident. First, an emergency water
injection system would supply a continuous flow of light water to
the pressure tubes, which should prevent fuel melting. Second, the
vapor container water spray system would condense any steam that
might form and reduce the pressure, significantly reducing the
escape of fission )l)rmlncts to the atmosphere. ‘

The applicant has studied a number of accident situations which
might be encountered: for example, various means of introducing
excess reactivity, malfunctions of various items of equipment, and
rupture of the primary coolant system. The accidents discussed b
CVNPA represented those which appear to have a credible possi-
bility of oceurring in this facility. In general, the likelihood of
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these accidents is sufficiently low and the consequences sufficiently
small that no undue hazards to the public would result from the
operation of the reactor. The upper limit of potential hazard to
the general public from accidents occurring in this facility is char-
acterized by the “maximum credible accident” discussed in the appli-
cation and testimony.

In the “maximum credible accident,” CVNPA assumed that a
primary coolant pipe was severed completely and abruptly, releasing
the coolant rapidly to the contaimmnent building. It was also as-
cumed that neither the emergency swater injection system nor the
water spray system functioned.  Under these conditions it was
assumed that the fuel would melt releasing fission products to the
building. and, because of the concurrent steam pressure in the build-
ing, to some extent to the outside atmosphere.

Radiological doses were caleulated for this accident on the basis
of the further conservative assumptions that the containment build-
ing does not rupture but leaks at its design rate; that the leaked
material is released at ground level; that a severe temperature inver-
sion exists: and that exposed persons are unprotected and remain
on the radionctive cloud centerline for the entive period of exposure.
Doses in roentgen or rem for persons standing at a point on the site
boundary nearest the reactor (14 mile) are:

Exposure Time (hours

1 b
Direct radiation to whole body:
From containment sphere o i 0.1 0.
From cloud - Shad e 0.0 0.0%
Lifetime dose due to inhalation of nuclides affecting the
following organs:
Bone . ... .. .o R - 1.0 3.2

26 T

Thyroid .- L ae e e

In considering these numerical results it should be recalled that
the likelihood of an accident of this magnitude occurring I8 ex
tremely low and that there are a number of conservative factors in
the assumptions used in these caleulations.  The magnitude of the
exposure doses ealeulated does serve, however, to indicate the upper
limit of public hazard which could be expected to result from opera
tion of this facility. The magnitude of doses caleulated in this most
cevere case indicafes that in some remote circumstances people who
are near the site may have to be evacuated. The dose rates are sufli
ciently low to permit ampie time for any required evacuation to be
accomplished before cxessive exposure doses would accumulate.

All the major water systems and all pressurized parts of the main
coolant system will be located within a vapor container. The con-
tainer wili be a cylindrical reinforced concrete structure, lined with
steel sheets, It will have a steel hemispherical dome covered on the
outside and lined on the inside with concrete. The specified design
pressure is 14 psig and the specified maximum leakage rate will be
0.1 percent of the contained volume per day. This design will assure
that the container would not be breached in case of the “maximum
credible aceident.” Personnel will not be admitted inside the con-
tainer during reactor operation.

Waste disposal facilities will be provided to receive and process
all liquid and solid wastes from the nuclear plant. Any gaseous
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wastes will be stored for a suitable decay period in equipment that
can retain up to 60 days' production. After bemne diluted with air
the decayed gases will be discharged to the atmosphere from a st ack
at activity levels in accordance with Commission safety regulations
being constantly monitored in the process. ‘The discharge will oc e
only during suitable weather conditions.  No unusual features ane
proposed or anticipated in any of the waste disposal systems o
procedures. The methods proposed should afford proper protection
1«)’1"[)\‘1->«_mm-l within the exclusion area and the general public. l

Ihe zircaloy pressure tubes in the reactor require further study
and investigation in order to complete the evaluation of the safety
aspects of their use.  Operating experience of PRTR and other
reactors now being built and CVNPA's outlined research and de
velopment programs should supply the needed mmformation on the
effects of corrosion on zirealoy and the effects of irradiation on the
structural integrity of the material. The reactor will be constructed
so that the pressure tubes can be removed easily for periodic inspec
tion and, if necessary, for replacement. Data now available indiate
that zirealoy tubes can be used safely in the reactor with an vx]wvl‘wl
lifetime of at least several years. In the research and development
program that will continue during the first 5 vears of operation of
the nuclear plant, the U-tubes will be inspected periodically to verify
and to extend these data. : .

The final design of the veactor has not been completed; but cri-
teria for its major components have been developed in considerable
detail in the evidence produced in this proceeding. Present analyses
and calenlations from these preliminary design 7):11':”11(-101'4 indicate
that no particularly unfavorable safety characteristics will arise
from the nuclear, thermal, or hydraulic features of the reactor "l‘lw
research and development program now being conducted by CVNDPA
supplemented by the experience of similar reactors operafing enrlier
than the reactor, affords reasonable assurance that the |n‘v~c:nl'\‘ un
resolved safety questions concerning its unproved features can he
answered and thus assure that the renctor can Lo satisfactorily
designed and safely operated. The final design criferia will evolve
from the full-scale critical experiments which will begin in the
spring of 1960, After all of the engineering d-tails of the nuclear
plant have been settled, CVNPA will submit additional information
to the Commission as an amendment to its License \ppliw‘l!i(‘m in
the form of a final hazards summary report. : :

As will be provided hereine {ter, in view of the untested character
of certain components. and new design problems involved in this
nuclear reactor, conditions will be attached to this construction |wr‘v
mit requiring proof by tests of the adequacy and safety of the
pressure U-tubes, the specially designed use of heavy water and the
zircaloy clad fuel elements before this construction permit may be
converted to an operating license. This evidence will be additional
to that presented as the basis for opinions that the completed pmin:%
has been constructed in accordance with the specifications of this
construction permit and will provide reasonable assurance that the
health and safety of the public will not be endangered by its (‘)])(‘l"l-
tion. The Commission’s Chief of the Hazards Evaluation Branch of
Division of Licensing and Regulation testified in part, as follows

($28102—02-—-21
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“The difference . . . between this reactor and, let us call ity conven-
tional pressurized water reactor, lies not so much in the use of light
water 1n one case, or heavy water in the other, as on the particular
design proposed here of containing the coolant in a high pressure.
small volume system separate from the water moderator, in a sepa
rate lower pressure system.”

The first issue specified for consideration in this proceeding i
whether there is reasonable assurance that a utilization facility of the
general type proposed can be constructed and operated at the pro-
posed site without endangering the health and safety of the public.
There appears to be some inconsistency between the sufliciency of
evidence for requirements of a general type of pressurized water
reactor facility and the recognition that CVNDP.NX proposes to con
struct a pressurized water reactor with several novel features. A
Staff witness stated that if the proposed pressure U-tubes, the special
designed uses of heavy water, and the zircaloy cladding were re
moved from this project, of course, the reactor would not be wha
C'VNTPA proposed.*

Therefore, it appears required that since some novel and “first of
its class” features are involved in the CVNPA project, the finding-
on the issue of health and safety are limited to characteristics of
standard pressurized water reactor, similar to Shippingport, ete.
Since experience cannot be a guide as to these newer elements and
design of the CVNPA }")rojm't, the construction permit must be pro
visional, until tests can be performed to produce evidence concerning
the novel design and new components of this reactor project. The
record does establish that, by virtue of the research and develop
ment program to be undertaken, the technical information now absent
from the application will be supplied and thus complete the appli
cation,

The estimated total cost of the project is approximately $43,000.000.
The Commission, under its contract with CVNPA, has agreed to
reimb rse CVNPA for research and development costs up to a maxi
mum of $13,725,000 and to waive use charges on heavy water and
special nuclear material up to $1,350,000. CVNPA will pay all
remaining costs, which are presently estimated at approximately
$28,000,000. At present, CVNPA's total receipts are from contrl
butions from the sponsoring companies. Although CVNPA will
receive some operating revenue from the sale of steam to South
Carolina Electric & Gas Company, the greater part of its receipts

4 The witness further testified, respecting a conventional pressurized water reactor of a
general type, and the CVNPA project, in part, as follows :

“1 must admit it is ditlicult to put this (CVNPA) reactor into a class, into any class,
of reactors which have thus far been operated. There have been no operating precedents
for this type of reactor in this power range or level. There have been a number of loops
and other experimental facilities on a small scale, but nothing in the way of a reactor of
this type. As indicated here, it (CVNPA) can be characterized as a heavy water pressurs
tube variation of a general pressurized water type. But that is distinetly a variation, and
it is not strictly a pressurized water type, in the sense that we have had those reactors
in the past, let us say, as a Shippingport is or some others . .. I would call it a pressurized
heavy water . . . if one eliminates those features . . . mentioned, then we don’'t have the
Carolinas-Virginia type of reactor anymore. It is completely different—so, I am afraid
actually what we are dealing with here is a new type of reactor. This is the first of it«
class, first of its type. There will be four or five others, at least five others now in con
struetion which will be of this class . . . ove does not necessarily have to define a type
in terms of a previons type in order to make the {‘ud{:uwm that it is safe enough to O{wrntn
That is, one can define a new type of reactor, if he is sufficiently confident in his judgment
and the research, some of which has been indicated here, proceeds with satisfactory results,
ng:ii 3 ?nnl evaluation can be made that this project can proceed safely. . ." (Parentheses
added.
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will always be contributions from the sponsoring companies. The
sponsoring companies have contracted with each other and CVNPA,
for the benetit of each, the Commission and all contractual creditors,
to guarantee severally in the following proportions the pavment of
all contractual indebtedness of CVNPA.
Carolina Power & Light Company 2008
Duke Power Company . S
South Carolina Electric & Gas Company
Virginia Electric and Power Cowmpany

All requisite corporate and regulatory authority has been granted
the sponsoring companies to enter into this contract, The resources
and credit of the sponsoring companies are adequate to enable them
to meet their obligations to CVNPA., CVNPA appears to have
adequate insurance against all non-nuclear accidents, and at the
appropriate time will take out all insurance against nuclear risks
that the law and the Commission require.

CVNPA has contracted with Westinghonse Electrie Clorporation
( Westinghouse) for the performance of the necessary research and
development program. Utilizing the results of this program, Stone
& Webster Engineering Corporation (Stone & Webster) and West
inghouse will collaborate on the detailed engineering design of the
nuclear plant and will supervise its subsequent construction.  Both
Westinghouse and Stone & Websier have had extensive experience
in these fields of the nuclear industry.

On December 14, 1959, the Advisory Committee on Reactor Safe
cuards reported to the Commission on the reactor, in part, as follows:

“The Committee notes that complete evaluation of the effect on safety of
certain design details of the CVTR is not possible at this stage, but depends
on the outcome of various development and testing progriaims deseribed by
the applicant. The question of Zircaloy embrittlement under irradiation,
and its corrosion characteristics, for example, will be finally evaluated at a
later stage, when studies now under way have been completed.

“The Committee concludes that a reactor of this general type with con
tainment as proposed by the Associates for the Parr location may be con-
structed with reasonable assurance that it can be operated at the site s»
lected without undue risk to the health and safety of the publie”

The Committee further stated in its letter dated February 1, 1960

“It has been brought to the attention of the Advisory Committee on Re-
actor Safeguards that a portion (the southernmost 46 acres) of Hampton
Island is to be removed from the exclusion arvea of the Carolinas Virginia
Tube Reactor in order to provide right of way for a bridge to be built by
the State of South Carolina.

“Since the location of the road over which the bridge is to be built was
known to the Committee at the time of issuance of its previous advice on
this site (reference letter dated December 14, 1050), and moreover the ex-
clusion radius of the CVTR is not affected, the Committee agrees that this
change will not materially affect the health and safety of the publie.”

The letter from the ACRS of December 14, 1959, antedated Appli-
cant’s Amendments Nos. 5 and 6. However, these amendments were
forwarded to the Committee prior to their letter of February 1, 1960.
Witnesses for the Applicant and the Staff testified that these amend-
ments did not make any changes that would decrease the safety of
the facility. In view of that testimony, and the fact that these two
amendments had actually been submitted to ACRS before their last
communication, it appears that their statutory review has been ren-
dered. At the instant hearing on February 26, 1960, provision was
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made for further communications from the ACRS respecting these
two amendments. None has been received and, in view of the Stafl
interpretation of the effect of these amendments, it is concluded that
ACRS is of the same opinion and its prior opinion respeeting this
proposed reactor is unchanged.

In addition to the foregoing findings and conclusions. upon the
basis of the record of evidence including exhibits, and the proposed
findings and conclusions submitted by the participants herein, it is
further found and concluded that:

1. Carolinas Virginia Nuclear Power Associates, Ine., a non-profit
corporation with principal offices at Charlotte, N.C.. is a qualified
applicant to receive a construction permit provided by the Atomic
Energy Act, as amended.

9. The nuclear reactor project proposed to be constructed by
CVNPA is a utilization facility within the meaning of Section
104(h) of the Atomic Energy Act, as amended.

3. There is sufficient information to provide reasonable assurance
that the utilization facility of the general type proposed in the
application, as amended, by CVNPA can be construeted at the Joea
tion specified therein without endangering and will proy ide adeqguate
profection to the health and safety of the public.

4. There is reasonable assurance that the techuical information
omitted from and required to complete the application, including
particularly that related to the special designed use of heavy water.
the U-pressure tubes, and their use of zircaloy. w i1l be supplied.

5. CVNPA, Westinghouse, and Stone & Webster, collectively, ave
technically qualified to design and construct the proposed utiliza
tion facility.

6. CVNPA is financially qualified to engage in the proposed
activities in accordance with the Atomic Energy Act. as amended,
and the rules and regulations of the Commission.

7. The issuance of the proposed construction permit to CVNPA.
substantially in the form attached to the Notice of Hearing issned
herein. as modified by the order hereinafter made, will not be mimi
eal to the common defense and security or to the health and =afety
of the publie.

Wherefore. It 18 Oroeren, subject to veview by the Commission
upon its motion or upor appeal after exceptions, if any are filed:

A. The Director of the Division of Licensing and Regulation of
the Atomic Energy Commission is divected to issue a provisional
construetion permit substantially in the form attached to the Notice
of Hearing issued herein by the Commission, as modified by this
Order.

B. This authorization is provisional subject to the condition that
an authorization to operate the facility will not be issued by the
Commission until evidence has been adduced by CVNPA concerning
the tests performed of all designs and components of this proposed
atilization facility, including, among others, specially designed use
of heavy water, the U-pressure tubes, and the use of zircaloy clad-
ding of the fuel elements, and a basis has thereby been established
as to all components when operated as a unit, that there is adequate
protection to the health and safety of the public as required by the
Atomic Energy Act, as amended, and by the rules and regulations
of the Commission.

D1
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(. Exceptions, if any, and briefs in support thereof must be filed
by May 3, 1960; briefs in opposition thereto <hall be tiled on May 5,
1960, and if the Commission does not initiate a review on its own
motion. and no exceptions are filed, this decision shall, in accordance
with the Commission’s Rules of Practice become tinal on May 4, 1960,

SAMUEL W, JENSCH,
Presiding Officer.




Docker No. 5H0-130

IN THE MATTER OF NORTHERN STATES POWER
COMPANY

Lssued April 21, 1960

APPEARANCES !
Donald II. Nelson, Esq., for Northern States Power Company.
Gerald Charnoff, Esq., tor the Staff of Atomic Energy Commission.

INTERMEDIATE DECISTON

Noithern States Power Company (NSP), a corporation organized
under the laws of the State of Minnesota, with principal oflices af
Minneapolis, filed an application on April 3, 1959, for a construction
permit and operating license, in conformity with its contract with
the Atomic Energy Commission, to construct a 203 megawatt (ther-
mal) utilization facility to be used for research and development in
accordance with Sections 104(b) and 185 of the Atomic Energy Act,
as amended. The NSP contract was executed as a part of the Power
Demonstration Reactor Program,! initiated by the Atomic Iinergy
Commission in aid of the development of various types of nuclear
reactor facilities which would be feasible for the generation and
distr ‘bution of electricity. Associated with NSP in the construction
of ths proposed facility, which has been designated the Pathfinder
plant, is a non-profit corporation, known as Central Utilities Atomic
Power Associates, which is presently composed of nine midwestern
electric utilities 2 in addition to NSP which will contribute a por-
tion of the research and development costs to an extent of $3,650,000.
NSIP has executed @ contract with Allis-Chalmers Manufacturing
Company, Milwaukee, Wis,, for it to design and construct the pro-
posed facility which will have an electrical capacity of 62,000 MW.

The Pathfinder facility will be connected to the NSP generating
plant located near Sioux Falls, S. Dak. The Pathfinder plant site
1s on the Big Sioux River, downstream from, and about 3.5 miles
northeast of the City of Sioux Falls, S. Dak., a city of approximately
65,000 population. The plant site has an area of 1,170 acres and is
wholly owned by NSP. The closest dwelling to the reactor will be
0.47 mile away. The present population within a 2-mile radius 1s

1 The Power Demonstration Reactor Program provides, as of the date of the application,
among other matters, that NSP will be reimbursed in connection with rescarch and develop-
ment costs in an amount not to exceed $8,310,000, and in addition, the Commission will
assume costs related to this project, but concerning activities undertaken at certain Com-
mission facilities, The use charges for source and special nuclear material will also he
waived hy the Commission for this project, which charges may not exceed $1,800,000.

2 The original organization was composed of 10 utilitics in addition to NSP; one, the
total of assets of Mlusissix)pl Valley Publie Service Company, has recently been acquired
by NSP. The nine remaining companies in addition to NSP are: Central Electrie and Gas
Company, Interstate Power Company, Iowa Power & Light Company, Iowa Southern
Utilities Company, Madison Gas and Iilectric Company, Northwestern Public Service Com-
pany, Otter Tail Power Company, St. Joseph Light & Power Company, and Wisconsin
Public Service Corporation.
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112 persons. Two railroads cross the site within a 15-mile radius of
the plant and two public roads touch the site with an mterstate high-
way projected north of the site at a distance of 0.6 mile from the
plant.

The type of facility proposed to be constructed by NSP is a boil
ing water reactor, of a design similar to the Borax series of renctors,
such as EBWR and VBWR. The feasible operation and safety of
this general type of reactor have been demonstrated through an ex-
tensive period of successful operation. In power level, the Path
finder facility is larger than the Elk River, Minn,, reactor, but is
smaller than that at Dresden, I1l. Three new features have been in
corporated in the Pathfinder facility which introduce new design
and operating concepts in boiling water reactors not heretofore un-
dertaken; (1) the proposal that novel and relatively unproven fuel
elements be utilized in the boiling region of the core: (2) the pro-
posal that a superheater be incorporated as an integral part of the
basic reactor core, and that novel fuel elements he utilized in this
region, and (3) the proposal that variable rate of primary coolant
recirculation be utilized for controlling the power level of the core.

On January 7. 1960, the Commission issued its Notice providing
for a hearing which was held on February 15 and 16, 1960 (1°.R. Vol.
o5, Page 254). Appearances were entered on behalf of NSP and
the Staff. No persons sought to intervene or to otherwise partici
pate in the proceeding. After the conclusion of the hearing pro
posed findings and conclusions were filed by NSP on March 21. by
the Staff on April 1, and a reply by NSP on April 4, 1960.

The ]’:nhﬁm%m‘ plant is designed for a gross electrical power out-
put of 66,000 KW. Tt will normally operate at full power. The net
electrical capacity will be 62,000 KW. A direct-cycle, heterogeneous,
boiling water reactor with an integral nucelar superheater will be
used. operating at a thermal power level of 203 MW. Light water
will be used as coolant and moderated. Slightly enriched uranium
dioxide elad with aluminum alloy is planned as the boiler fuel. A
zivconium alloy clad material is considered as an alternate to the
aluminum cladding and can be used if the research and development
is not successful with respect to the aluminum ecladding. Highly
enriched uranium dioxide dispersed in stainless steel cermet, clad in
stainless steel will be used as fuel in the superheater. Reactor water
is pumped through the boiler core, for control purposes and to per-
mit a high power output. The steam conditions at the throttle are
expected to be 525 psig and 825° . with a flow of 619,000 Ihs/hr at
a power level of 66 MW,

The reactor core will be contained within a cylindrical pressure
vessel 11 feet 6 inches in diameter and with an overall height of
31 feet 6 inches. The lower head will include a 4-foot diameter
cylindrical water inlet section. The pressure vessel will be fabri-
cated of 3-inch thick composite plate consisting of SA-212 Grade B
carbon steel clad on the inside with type 304), stainless steel one-
quarter inch thick to provide adequate corrosion protection. The
cladding will be integrally bonded to the carbon steel backing mate-
rial by a nickel interface layer. The reactor core will approximate
a right cylinder having a mean diameter of 74 inches and a height
of 72 inches. It will consist of the central superheater core sur-
rounded by the boiler core.
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The boiler core will consist of 96 boiler fuel element assenmiblies.
Slightly enriched nranium dioxide in the form of sintered cylindrical
pellets ‘will be nsed as fuel. In the presently planned design, the
pellets will be hermetically sealed in X-S001 aluminum alloy tubes
18 inches jong. The fuel tubes will be arranged in bundles. Each
boiler fuel element assembly will consist of four bundles welded end-
to-end and contained in a 5.218-inch square aluminum box.

The superheater core will consist of 423 tubular fuel elements.
Each fuel element will be composed of two concentric fuel tubes, a
central burnable poison pin. spacers. and a handling knob. The fuel
tubes will be 7 feet long with an active fuel section of 6 feet. The
fuel will be highly enriched uraninm dioxide—stainless steel cermet
tubes sandwiched in type 3041, or 316 stainless steel cladding. The
fuel tubes and poison pin will be welded together at the top witl
proper spacing of tubes and proper orificing to the annuli. The fuel
element will be supported in a double-walled stainless steel support
tube, which is welded to and supported on the bottom of the core
by the superheater support plate. These support tubes also serve
as thermal and physical barriers between the steam flowing down
ward through the annuli in the fuel elements and the water mod
erator cireulating upward outside the tubes. The space between the
two walls of the support tube is filled with stagnant steam during
normal operation, and heat transfer from the superheated steam to
the water moderator is thereby minimized,

Twenty control rods will be located in the core, sixteen i the
boiler core and four in the superheater core. ‘The rods will be fab-
ricated from 14-inch thick stainless steel containing 2 percent boron
by weight. The cross section of each control rod will be in the form
of a 10-inch cruciform. The rods will have extensions which will be
latched to the control rod drives. The rods will be moved within
control rod guide tubes, which are a part of the core structure,
These guide tubes will have a hollow cruciform cross section and will
be fabricated of Zircaloy-2 in the boiler region and stainless steel
in the superheater region.

A central control station will be provided from which all control
actuations required f.  normal power operation will be made.  Local
instruments will be provided to permit on-the-spot observation of the
performance of the various components. During a normal startup,
the turbine will be brought up to speed locally. When the turbine
is up to speed, its control will be assumed by the central control
room.

To insure safe operation of the plant, the control and instrumen-
tation system will monitor various reactor and plant conditions, and
will warn the operator, or scram the reactor when necessary, if cer-
tain limits of activity or power are exceeded. An automatic seram
will be initiated if the conditions of operation, such as short reactor
period or a power level about 115 percent of normal, threaten the
safety of the plant or personnel. An alarm will be sounded when-
ever a conddition that is only potentially dangerous exists, warning
the operator to correct the condition. The temperature and void co-
efficients of reactivity of the Pathfinder reactor will be negative in
value, which is consistent with those of previous boiling water re-
actors.
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As stated, the proposed facility 1s a boiling water reactor having
several new features and unique characteristics with which there has
been no previous experience in any other reactor of a size coraparable
to that proposed by NSP. These are the use of aluminum alloy as a
cladding for fuel in the boiler core, the use of cermet fuel of the
type proposed to be used and the superheater core, and the variable
rate of primary coolant recirculation proposed to be used for con
trotling the power level of the core,

The phenomena which determine the characteristic performence
of & boiling water reactor with integral nuclear superheat arve well
recognized, but no reactor has thus far been operated with an in
tegral built-in superheater. NSP has analyzed the nuclear, hydraulie,
and thermal aspects of such a system in steady-state of ciation. 1t
is currently engaged in studying the phenomena of this novel systein
which are of significance from the standpoint of safety. I prin
ciple, there appears to be no reason why a nuclear superheater covld
not be safely incorporated as a part of a nuclear core: however, its
incorporation as an integral part of the core introduces problems
which must be dealt with by further analysis and by an appropriate
research and development program.

Current information indicates that cermet fuel of the type pro
posed to be used in the Pathfinder superheater probably can e used
safely. Iowever, the useful life of the fuel under Pathlinder condi
tions and the effects of radiation and high temperatures on the cermet
fuel are not fully known. There also remains some doubt as to the
consequences which might accompany or follow failures, including
meltdowns of the superheater fuel elements,

The performance and capabilities of the superheater have been
caleulated. Verification or determinatic « of important nuclear char
acteristics of both the superheater and boiler cores will be made m
experiments in the Allis-Chalmers critical facility.  These exper)
ments, however, will not provide any data with regard to the effects
of radiation and temperature on the superheater fuel.  Should use
of the nuclear superheater not be feasible for the first core Toading,
the alternative of operating without it vemains.  With zero super
heat, approximately 63 percent rated gencrator output would be
realized. At this point the moisture content is estimated at 16 to
18 percent which is undesirable for extended operation because 1
decreases the life expectancy of the exhaust end blades. The plant
could be operated for a few years without a superheater loading by
operating the boiler core at reduced power. The Pathfinder reactor
can be redesigned, constructed, and operated safely as an ordinary
water reactor without a nuclear superheater, should further data fail
to support the present conclusion that operation of the reactor with
the nuclear superheater can be undertaken without undue hazard to
the public and the on-site employees.

In most boiling water reactors today the fuel elements have been clad
with zirealoy-2 or stainless steel. For the Pathfinder plant, NSP
proposes to use an element composed of wranium dioxide clad with
ar. aluminum alloy.  Such elements have been used only to a very
limited extent, and more experience is required before such elements
san be confidently accepted for routine operation in power reactors.
NSP has proposed a research and development program to be car-
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ried out on these elements, including testing of prototype elements
in a reactor environment similar to that expected in the power re-
actor, before initial operation of the Pathfinder plant. Such a re-
search and development program is necessary, and the proposed
program appears to be reasonably calculated to establish the safe
use of such cladding. Allis-Chalmers has been investigating alumi
num alloys since 1957. An aluminum alloy was used as cladding
for Borax fuel elements, but has not been used in a large power
reactor. Aluminum has certain inherent limitations relative to cor-
rosion resistance and strength, bnt a design that recognizes and
accommodates these limitations appears obtainable. Should the de-
velopment program fail to justify the choice of aluminum alloy by
the time it is necessary to specify the first core for Pathfinder, it i
technically possible to substitute zircaloy-2 as the fuel cladding ma-
terial.  Such a fuel element is being designed as an alternate and
will be used if necessary. Zircaloy-2 clad fuel elements are being
used in both EBWR and the Dresden Nuclear Power Station. Only
minor modification of the Pathfinder plant would be required to use
Zircaloy clad fuel. There has been substantial experience with this
cladding material, and such material would constitute an acceptable
alternate choice, although if zirealoy is to be used, a specific pro
posal including the particular design will need to be submitted to
the Commission for consideration and for approval.

NSP has proposed a program whereby reactivity in the reactor
may be varied by changing the flow rate of recirculated water
through the boiler portion of the core. The details of this plan

sed to be developed more fully, but NSP has a testing program
under way reasonably caleulated to lead to information upon which
to base the design for such a control plan. A feasible alternative,
the use of control rods, is possible should recirculation control prove
unacceptable. The present design of the Pathfinder project provides
for control of the reactor up to 75 percent power by manual adjust-
ment of the control rods. Above 75 percent power, the reactor is
proposed to be controlled by controi rods or adjustment of the re
circulation flow rate.

A change in the flow rate effects a temporary readjnustment of the
volume of steam bubbles in the boiler eore. This changes the mod-
erator density and, therefore, the reactivity. TIf an increase in power
is desired, the coolant flow rate is increased in a controlled manner.
The reverse process is effected by decreasing the flow. A research
and development program associated with this feature of the reactor
is in progress. Indications are that control of recirculation in the
proposed power range is feasible. As an alternative, if those indi-
ations are not substantiated, automatic control in the power range
in the conventional manner can be accomplished with only minor
modifications in the control circuitry, or manual control over the
entire power range can be used.

Gaseous wastes generated in the reactor water, and ventilation air
that might carry radioactive materials, will be passed through filters
before being exhausted through the stack. The activity of the stack
effluent will be held below specified limits hy dilution, filtration, or
hold up, as necessary, to comply with AEC regulations, 10 C.F.R.,
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Part 20.  All water leaving the site will be demineralized and will
be monitored to insure that * does not exceed the nonoccupational
maximum permissible concentration levels, and corrosive water will
be neutralized. Areas of the site in which water is at radiation
levels above those specified by AEC regulations, for nonrestricted
areas will be restricted, and solid wastes will be disposed of by ship
ment to offsite approved disposal areas.

Decontaminstion nozzles will be provided on various components
where internal contamination can ‘n- expected to he required. A
decontamination room will be provided where equipment which can
he moved will be decontaminated. Personnel will be suitably pro-
tected by protective clothing, monitoring, and decontamination
facilities. The shield and fuel storage pools will be provided with
filters and demineralizers to clean the water. Although it would be
difficult. the design of the proposed facility will permit the installa-
tion of appropriate in-core instrumentation in cores subsequent to
the first one {for which general in-core instrumentation plans have
been deseribed).

The maximum design accident considered by the NSP assumes
that a recirculating water line of the reactor system at the base of
the core is severed completely and abruptly so as to release the
coolant rapidly to the containment building. The chain of events
which might follow a rapid loss of coolant ave: (1) melting of fuel,
(2) release of fission products to the containment structure, (3)
leakage of fission products to the atmosphere, (4) transport and
diffusion of fission products in the atmosphere, and (5) exposure
of persons to the cloud of fission products.

The athfinder control and instrumentation system will include
<ifety cirenits and interlocks that will shut down the reactor when-
ever safe limits of operation arve exceeded, or whenever conditions
such as equipment or instrument failures exist that could make con-
tained operations potentially dangerous. ‘The consequences of the
postulated maximum design accident are more severe than those
believed to be possible from any credible accident. 'The reactor
building is designed to contain radioactivity resulting from such a
maximum design accident. In event of such an accident there would
be sudden loss of coolant. Water and flashing stean would be
released into the reactor building. The core would eventually melt,
and fission products would be released into the reactor building.
The reactor building design specifications are such that it will leak
no more than 1 percent of the contained volume per 24 hours at a
differential pressure of 78 psig, the design pressure for the building.
It is expected that actual leakage rate will be less than 0.1 percent
per day upon completion of construction. A spray system to further
reduce exposure can be installed at any time. No metal-water
reaction is expected. .

Without taking credit for a number of coi ervative factors such
as meandering wind direction, the likelihood of a more restrictive
Jeukage rate than is specified for the design of the containment ves-
sel, and ti:e advantages of the incorporation of a water spray syster,
the postulated maximum design accident for the proposed facility
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wonld result in the following maximum doses to persons exposed
to the radioactive cloud for one hour:

Tasre or LireriMe Doses

\r Or remj
Location of recipient
Nite houndary nearest edge of Siouz
ahaut Yy mile) Falls (3.5 miles)
['hvroid 2750 140
Bone Dose (Sr?) 45 2

Becanse of the magnitude of the caleulated doses, consideration
should be given by NSP to feasible design modifications which
might reduce the potential hazards. Such design modifications
might include reduction of the leakage specification for the con-
tainment vessel and the incorporation of a water spray system which
would lower the consequences of any accident by quick reduction
of building pressures and by washing down a portion of the fission
products.  NSP has specified a leakage rate of 1 percent per 24
hours at a differential pressure of 78 psi for the containment vessel.
However, the applicant has testified that it expects to obtain a leak-
age rate of less than 0.1 percent per day and that upon completion
of construetion, if the leakage rate is 1 percent, the leakage rate
could be reduced.

The suitability of the Pathfinder facility site must be considered
both in its relation . the Clity of Sioux Falls, the center of which
15 0.0 miles southwesterly from the site, and its location on the south
bank of the Sioux River. The water supply of Sioux Falls is ob-
tained from a ficld of shallow wells about 4 miles west of the Path-
finder site. The well field, however, is upstream from the proposed
atomic plant, and the bottom of the field aquifer is at a higher
elevation than the maxinmmum artesian head in the vicinity of the
atomic plant.  Contamination of the artesian basin at the plant site
should be prevented by the plant design and the internal pressure
of the artesian aquifer. ‘There are no public water supplies taken
from the Big Sioux River® below the proposed atomie plant, and
cenerally it is believed that the Big Sioux River will not be gen-
erally used as a recreational stream. but even if it should be any
adioactivity contained in materials released to the stream will be
at a safe level.

From a meteorological standpoint, the area of the plant site ex-
periences extremes of heat and cold.  Winds from every direction
occur in every month. Inversions at the site are common, and the
valley tends to channel air drift.  Wind roses have been prepared
and arve part of a meteorologist’s report prepared for NS> and have
been submitted with the safeguards report. The design of the
Pathfinder plant will be predicated upon the assumption that it can
withstand the effects of the worst flood known to have occurred in
the last 100 years. arthquakes in this area are slight, but will be
considered in the design. NSP plans to make arrangements to
control the traflic on the railroads and the highways which cross
or are located near the plant site in the event of an unforeseen

3 NSP represents that the Big Sioux is used for irrigation, stock watering, recreational
fishing and occasional swimming, It is satd that the magnitude of these uses varies from
vear to year, and sometimes depends upon the stream flow which in some years is so low
that most of these uses are not feasible,
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accident.  Such arrangements would probably mvelve the loecal
railroad and highway authorities and the highway police.

A program of monitoring background radiation at six stations,
four of them roughly at a 50-mile radins around the site, one at the
site, and one at Sioux Falls, was started in the spring of 1950, This
1= a comprehensive program and includes analysis of fall-out,
streams and water supplies, wild life, vegetation and milk.  The
program will be continued after the plant is in cperation,

The public and state officials of South Duakota and neighborimg
states have been fully informed of the plans for this plant. The
State of South Dakota will require a permit before waste 1= disposed
into a stream. It is the intent of the applicant to secure such a
permit. : o ‘

The site is considered to be an acceptable one for a facility, of the
ceneral type and power level of the proposed Pathfinder facility.
The general containment concept for this facility, as may be modi
fied by data derived from the research and development program,
appears to be adequate. _ :

In a letter dated December 14, 1959, the AECs Advizory Com
mittee on Rexctor Safegnards stated, in part, as follows.

“The applicant has research and design work in progress on these prob
lemns which must be resolved before operation as proposed.  Part of this
development includes partial power range operation and testing in the re
actor before full-scale operation.

“The applicaut proposes stepwise approach to full power amd to vh‘_wun
superheat.  Operation with reduced superhent or without superheater fuel,
with zirealoy fuel cladding instead of aluminum or without using the spe
cinl control features has been suggested as feasible by the applicant, and
proposed in case of need.

“The Committee concludes that the approach suggested as above by t‘lu‘
applicant will enable construction of the reactor proposed ot ifs site with
reasonable assurance that it can be operated without undoe hazarvds to the
health and safety of the public”

As heretofore noted. the Pathfinder facility is generally described
as u boiling water reactor, but it is proposed to incorporate several
new features and unique characteristies which have not been proven
out * in any other reactor facility. For the purposes of an operating
license, both NSP and the Staff ave agreed that further analysis and
research and development explorations must be - onducted before a
judgment can be made that the superheater, the alwminum cladding,
and the recireulation rate of the primary coolant can be safely in
corporated into this particular reactor.  In addition, the Commis-
sion's HHEB Chief testified that by omitting all the novel and un-
proven features, the Pathfinder facility could be constructed and

4 By way of further detail in addition to the problems respecting the utilization of the
superheater, the Chief of the Commission’s Hazards Evaluation Branch (HILB) of the
Division of Licensing and Regulation, testified. i part, as follows: “NSI’ . . . proposes
to nse an element (for fuel) composed of uranin o dioxide elad with wo aluminim alloy
Such elements have heen used only to a very limite * extent and there needs to be developed
substantially more experience before such clements ¢ovn be confidentinlly accepted for rou
tine operation in power reactors . .. such a research pnd development program I8 NEeCOeRRATY
and . . . the proposed program is a reasonable one. (Parentheses added.)  further, in
connection with the superheater the witness added : “'I'he nuclear guperheater is in essence
a portion of the reactor which is cooled by the steam generated in the boiling seetion of
the reactor . . . there exists lttle knowledge of the proposed fuel element eapabilities.
(for these superheater elements). ... in our opinion, however, prototype elements similar
to those to be used in the superbeater stould also be tested under environmental condi.
tions of temperature, pressure and radiation compurable to those likely to be encountered
in the reactor (Parentheses added) ™
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operated as a straight boiling water reactor,® but certain conven-
tional features for even this type of plant warrant further investi-
gation.® The witness further testified that there were also some
problems of extrapolating from a test reactor to a reactor of the
size of the Pathfinder facility, even though it was somewhat smaller
than the Dresden facility. The witness added that: “There will be
the same questions for the Pathfinder plant, but the extrapolation
is much less” and the Dresden data will be helpful in this considera-
tion. An important qualification to the consideration given to the
Pathfinder facility with its novel features is amplified by the HEB
Chief as follows:
“The initial operation of the reactor will have to be under specified and
limited conditions until we prove out the beliefs that we have formed as

to the reliability of components (even) by the tests which were earlier
performed.” (Parentheses added.)

And again:

“Yes, T think that there should be a research and development program
carried forward, and that that should be a condition of proceeding with the
project.”

The determination of the existence of reasonable assurance that the
utilization facility can be constructed and operated at the proposed
site without undue risk to the health and safety of the public is thus
limited by the present record to the conventional type of boiling
water reactor.” The Atomic Inergy Act requires the finding, in
accordance with Section 182, that there has been provided . . . ade-
quate protection to the health and safety of the public,” and the
C'ommuission, in consideration of the entire Act :m(? its regulations,
has announced the principle:

“There can be no doubt that publie safety is the first, last, and perma
nent consideration in any decision on the issuance of a construction permit
or a license to operate a nucleav facility.” In the Matter of Power Reactor
Development Corporation, Docket No. F-16.

The several novel features to be incorporated in the Pathfinder
facility appear not only to require performance of tests in a research
and development program, but also may well require testing in the
reactor itself, after its construction.® The requirements of the Act
and the regulations of the Commission warrant the provisional char-
acter of this construction permit so that data will be developed upon
a record of all aspects of the novel features. It can be, and is,

5 The testimony, at one part, was: ‘. .. if we arcn't able to reach the adjustments of
mfpt{ in these novel features, then presumably they would be left out, and we wonld he
left then with a plant which we could accept, as to containment and site.”

6 The Commission's witness testified: ‘“The following are particular features on which
further cifort must be expended before the operating license stage review: (1) Attention
should be given to provision for n{)proprlnto in-core instrumentation in cores subsequent
to the first one (for which goneral in-core instrumentation plans have been deseribed) and
(2) certain concoPts of waste disposal as described in the hazards report may not have
been satisfactory in the proposed retention ]umd and decay storage pit and posed problems
of accidental release of waste material which would require further study ... the approach
now suggested . . . seems to be reasonable. . ."”

7 Again, the HEB Chief stated: ‘“In any event, . . . (NSP) . .. has shown, and we
concur that the Pathfinder reactor can be designed, constructed and operated as a straight
boiling reactor without a nuclear superheater should data fail to support a conclusion that
operation of the reactor with the nuclear superheater can be undertaken without undue
hazard to the public and the on-site employees.”” (Parentheses added.)

8 The Commission’'s HEB witness also testified: ‘It is recognized that despite such a
test program there will remain the necessity for some of the performance testing of the
elements to be accomplished in the reactor itself during initial operations. Iailure could
occur there despite successful preoperational testing."
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found, however, that all technical data of the kind related to a
conventional boiling water reactor, without the three foregoing
aspects, will be forthcoming in order to complete the application.
To this extent, the requirements of Section 50.35 of the Commission’s
regulations are satisfied. Respecting the three major novel features,
if the research and development program does not confirm the opin-
ions as to their use, these features will be omitted and satisfactory
substitutes are suggested. As to these latter, further hearings will
permit a consideration of such alternatives, and based upon other
experience of the use of the suggested substitutes, although not in
the particular design apparently needed for the Pathfinder project,
there is reasonable assurance that technical data needed to complete
the application, upon the assumption that substitutas can be used,
will be forthcoming. .

While NSP has not previously constructed nor operated an atomie
reactor facility, it has constructed and operates a utility system in
the four-state area of Minnesota, Wisconsin, North and South
Dakota, having a gross generating capability of 1,695,000 KW. NSP
has contracted with Allis-Chalmers Manufacturing Company to con-
struet the nuelear utilization facility plant and to place it in opera-
tion. utilizing NSI personnel in the operating phases of this respon
sibility. Most of the plant operating personnel will be men presently
emploved by NSP and experienced in steam plant operation. A
schedule of training for these men has been developed.  'rogress
under the training schedule is being closely supervised, and to this
time, is satisfactory.

Allis-Chalmers has had experience in the construction of nuclear
facilities. Tts atomic energy division designs and builds nuclear
reactors and related equpment. This division has undertaken the
design and construction of six research and materials testing reactors
and three power reactors and has completed preliminary design and
studies of four additional research reactors. Of these, two research
and testing reactors are in operation and three are in the latter
stages of construction. NSP and its contractor, .\His(‘l.mhnvrc
Manufacturing Company, collectively are technically qualified to
design, construct, and operate the proposed facility.

The estimated eapital cost of the Pathfinder plant is $22,660,000,
of which £870.000 is for overhead costs of NSP, but the actual cost
of the project may be 10 percent to 15 percent higher than the cur-
rent estimate. Total operating revenues in 1959 for NSP amounted
to $170.352,969.  Operating revenue deductions, including income
taxes, totaled $138,421,995. leaving a net operating income of
€31,951.974. Interest and other income deductions totaled $7,026.529.
The addition of other income items produced a net income of
$25,055.832. The Company has a ratio of bonds to net plant being
44.9 percent and has a base for stockholders® equity of 47.9 percent
of total assets. The estimated cost to NSP of 10,082,028 required
to construct the Pathfinder plant will not place an undue burden on
that Company. Even if the contribution anticipated from CUAPA
were disregarded, and if NS were required to expend £22,660,000
to finance the construction of the proposed project, NSP is finan-
cially qualified to construct the proposed reactor. Ixcess operating
costs of the plant, estimated at $1,200,000 during the first 5 years of
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operation, will be absorbed by NSP in operating expense as they
ocenr, as will all fuel costs.  In addition, Allis-Chalmers Manufac-
furing Company is finaneially qualified to absorb the additional
costs of the Pathfinder plant in the event that the estimated costs
of construction should be low by 215 to 3 million dollars. At De
cember 31, 1955, Allis-Chalmers Manufacturing Company had total
assets amounting o K469 millinn Its long-term debt was 92 mil-
lion. Its current assets totaled 8333 million. and its eurrent labili
ties amounted to 869 million.  During 1935, its earnines acounted
to approximutely %20 million.

In addition to the foregoing findingz and conclusions, upon the
basis of the record of evidence including exhibits, and the proposed
findings and conclusions submitted by the participants herein, it is
further found and concluded that :

I. Northern States Power Company. a Minnesota corporation with
principal offices at Minneapolis, is a qualitied applicant to receive a
construction  permit  provided by the Ntomie Fnergy Aet, as
amended.

The nueclear reactor project proposed to be constructed by NSP
is o utilization facility within the meaning of Section 104(b) of the
‘\tumiw Inergy Act. as amended.

. There is suflicient information available to provide reasonable
nssurance that the utilization facility of the general type pmpnsml
in the application. a< amended. by NS can be constructed and
operated at the loeation specified therein \\'illmnl endangering and
will provide adequate protection to. the health and safety of the
public.

There i1s reasonable assurance that, in accordance with (1)
research and development programs outlined in the evidence, (2) the
fests proposed to be undertaken of the components, and (3) the
availabilicy of proven features to be incorporated in the reactor
should necessity therefore require, the technical information omitted
from the application will be supplied, including particularly that
related to fuel elements to be utilized in the boiler region of the core,
the nuclear superheater and its fuel elements proposed to be incor
porated as an integral part of the basie reactor core, and the con
trols of the variable rate of primary coolant recirculation.

5. NSP and Allis-Chalimers Manufacturing Company, collectively
are technically qualified to design, construct, and operate the pro
pnwd utilization facility.

6. NSP is financially qualified. and as supplemented by contribu-
tions from associated electric utilities is able to engage in the activi-
ties proposed in its application in accordance with the Atomic En-
ergy Act, as amended. and the Rules and Regulations of the Com-
mission.

7. The issuance of the proposed construction permit to NSP, sub-
stantially in the form attached to the Notice of IHearing issued
herein, as modified by the Order hereinafter made, will not be
inimical to the common defense and security or to the health and
safety of the publie.

Waererore, 11 18 Oroerep, subject to review by the Commission
upon its motion, or upon appeal after o\coptnm\. if any, are filed:

A. The Director of the Division of Licensing and Regulation of
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the Atomic Energy Commission is directed to issue a provisional
construction permit substantially in the form attached to the Notice
of Hearing issued herein by the Commission, as moditied by this
Hr‘«h*l‘.

This authorization is provisional subject to the condition that an
authorization to operate the facility will not be issued by the Com
mission until its proposed research and development program has
been completed and evidence has been adduced by NSP and it has
heen l'l-mn( by the Commission, that the NSI' proposed nuclear
utilization facility, including among other components which must
be proven ‘l\‘\"‘]'l.ll e }r,\‘ tests herein desceribed, the novel features
respecting the fuel elements in the boiler region of the core, the
mcorporation of a superheater with unproven types of fuel elements
as an integral part of the basic rveactor cove, and the proposal that
a varviable rate of [n‘iln:n“\ coolant recirculation be utilized for con
trolling the power level of the core. has been constructed and can be
operated with adequate protection to and without endangering the
health and safety of the public in accordance with the requirements
of the Atomic Energy Act. as amended, and by the Rules and Regu
’:l(i“lh of the Commission.

l’\up(iuu\. if any, and briefs in support thereof must be filed
by \I ay 11, 1960; brie fs in umm-\lu»n thereto shall be filed on May
13, 1960, and if lhv( ommission does not initiate a review on its own
motion, and no exceptions are filed, this decision shall, in accordance
with the Commi=sion's Rules of Practice, become final on May 12,
1960, .

SAMURL Y. JENSClT,
DPresiding Officer,

628162 62 22




Docker No. 50-29

IN THE MATTER OF YANKEE ATOMIC ELECTRIC
COMPANY

Tssued April 22, 1960

APPEARANCES @

Donald G. Allen, Esq., John W. Cochran, Esq., and Allen 0. Eaton, Esq., for
Yankee Ator:ic Electric Company.

Gerald Charnoff, Esq., for the Staff of Atomic Energy Commission.

INTERMEDIATE DECISION

Yankee Atomic Electric Company, Boston, Mass., (Yankee), has
filed Amendments No. 14, 15, and 16 to its application for a con-
struction permit and operating license for a pressurized light water
reactor constituting a utilization facility contemplated by Section
104(b) of the Atomic Energy Act, as amended. Amendment No. 15
requested that the Construction Permit No. CPPR-5 previously
issued to Yankee on November 4, 1957 be amended to thereby pro-
vide for approval at this time of all technical specifications of this
nuclear facility and in addition, to amend the permit by deletion of
the following paragraph:

“This permit is provisional to the extent that a license authorizing opera-
tion of the reactor will not be issued by the Commission unless Yankee has
submitted to the Commission (by proposed amendment to the application)
the complete, Final Hazards Summary Report (portions of which may be
submitted and evaluated from time to time) and the Commission has found
that the final design provides reasonable assurance that the health and
safety of the public will not be endangered by operation of the reactor in
accordance with the specified procedures.”

Amendment No. 15 transmitted 42 pages of revised technical in-
formation which was represented to constitute, with the previous
filings, Yankee's Final Hazards Summary Report. Yankee stated
that this report reflected the final design of the reactor, and Yankee
has designated those portions thereof which it submits as technical
specifications to be included in the aforesaid construction perinit and
in any superseding operating license.

The Commission, on January 27, 1960, issued its Notice providing
for hearings which were held on March 3 and 4, 1960 (Vol. 2¢ F.R.
Page 820). Appearances! were entered on behalf of Yankee and
the Staff of the Commission.

1 By Order entered on February 26, 1960, Elliott Earl, of Windsor, Conn., who alleged
himself to be a customer of a company which planned to purchase electricity from Yankee,
and who also stated that he was President of the Institute for Nuclear Serology, which
is interested in nuclear and atomic subjects generally, was denied permission to intervene
as a party in the proceeding but was permitted to enter a limited appearance in the pro-
ceeding as provided by the Rules of the Commission. Elliott Earl did not appear at the
hearings nor flle any statement of his views or position in the proceeding within the time
provided for proposed findings and conclusions. No other persons sought to intervene or
otherwise to participate in the proceeding.
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Yankee submitted proposed findings and conclusions on March 22,
1960; the Stafl filed comments and similar proposals on Apnl 1,
1960.

In the Notice of Hearing issued by the Commission, the following
particular issues were specified for consideration:

1. Whether Yankee has submitted all technical information re
quired by the Act and the Commission’s regulations to establish the
final design of the reactor; :

2. Whether the technical specifications proposed by Yankee pur
suant to Seetion 50.36(b) of the Commission’s regulati-ns shall be
deemed to be the technical specifications of Construction Permit
CPPR-5 and the superseding operating heense, when and if such
nln'l‘:lti)l‘_{' license is ;:l'.‘llllm]!

3. Whether the processes to be performed, the operating proced-
ures, the final design of the facility and equipment, the proposed use
of the facility, and the technical specifications collectively provide
reasonable assurance that the health and safety of the public will
not be endangered by the proposed operation of the factlity: and

4. Whether Construction Permit CPPR-5 shall he amended in
whole or in part and under what conditions, if any, by granting
ALEC approval with respect to (a) the applicant’s final design of
the fueility and equipment, (b) the applicant’s proposed technical
specifications, or (¢) the proposed operating procedures,

In addition, the Commission set forth in the Notice that if the
request for amendment made by Yankee were granted in the en
tirety, the sole remaining issues to be considered at the subsequent
hearing with respect to conversion of the Constraction Permit
CPPR-5 to an operating license would be:

1. Whether construction of the facility has been completed in com-
pliance with the terms and conditions under Construction Permit
CPPR-5;

2. Whether Yankee is technically and financially qualified to en-
gage in the proposed activities in accordance with Commission
regulations;

3. Whether Yankee has furnished proof of financial protection in
accordance with Commission regulations; and
& Whether the issuance of an operating license to Yankee will be
imimical to the common defense and security.

The Notice of Hearing referred specifically to Amendments 14,
15, and 16 to Yankee's application. The evidence at the hearing was
extended to include a consideration of Amendments 17 and 18. A
further Amendment No. 19 was tiled too late for either review by
the Advisory Committee on Reactor Safeguards or by the Staff of
the Commission.

The issue of financial ability of Yankee was determined and found
adequate at an earlier hearing held April 9, 1959.2 While there
appears to be some difference of opinion respecting the finality of
any determinations of the question of safety in this proceeding,

2 Intermediate Declsion dated May 19, 1959,
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Yankee recognized at the hearing that safety issues® are present,
and at issue, in any licensing proceeding whether mvolving a con
struction permit, or at any later stage of the operating heensing
proceedings.

The facility being constructed * by Yankee is a pressurized light
water moderated and cooled reactor designed to produce 134,000
Kilowatts of electrical energy and is located at Rowe, Mass.  Amend-
ment No. 11 to its license application dated September 15, 1909,
included material identified as the Final Hazards Sunimary Report,
which superseded a prehminary report filed April 12, 1959, Amend
ment No. 1o, dated October 2, 1959, also involved in the instant
proceeding, supplied certain operating and maintenance instruction,
and also supphed the technieal specifications which Yankee desires
to have approved and meorporated in the const ruction permit, and
ultimately imcorporated inany superseding operating license. Amend
ment No. 16, dated December 4, 1939, submitted some revisions in
the technical specitications, but this submittal has again been rey 1sed.

Yankee was incorporated as a Massachusetts utility company 1
1954, Its stockholders are eleven New England Electrie utility com
panies ® who will purchase the entire clectrical output of the plant
ur - its completion.  Total capital costs of the project are esti
maed at $57,000,000 of which approximately $50,000,000 1s ap-

plicable to plant construction costs and the balance to the st of the
initial core, working capital and other corporate expenses.  The
foregoing estimate is exclusive of an additional 85,000,000 of costs
associated with the preliminary research and development program,

3 The Notice of Hearing stated that if Yankee's request in the instant proceeding is
granted in its entirety, then the remaining issues would be as thercin listed, excluding
any reference to safety considerations,  The President of Yankee testified regarding the

finality of major sa v questions in the instant proceeding as follows: “We have asked
in the present proceed

lings to have our lll'n\'l.\innnl.1'nll~(l'u<'(inl| permit converted into a
definitive construction permit by approval of the final design of the plant, including all
safety considerations and the technical specitications . .

Ll Ll * *

. - .

“Our hope is that all major safety matters will be reviewed and disposed of at this time
in order to simplify the issues in the final hearing on issuance of an operating license!
(Emphasis added.)

The Staff stated that ... “the health and safety issue will again arise . . . in connection
with the conversion to the operating license’” and to that extent the Staff apparently con
tends thit Yankee's request, as set forth in the Notice of Hearing can not he granted in
its entirety. The Staff added that it believed that the “larger issues’ of health and safety
could be determined at this hearing. Amendment Nos. 17, 18, and 19, filed by Yankee art
not within the list of Amendments specified in the Commission’s Notice of Hearing. While
witnesses characterized Amendment No. 19 as involving only minor design changes (Yankes
submitted 40 pages of revised technieal information) it can not be determined on this
record whether there are major issues of safety involved in that amendment which affect
the other reactor components, or the technical speeifications deseribed herein.

f Yankee estimated that its facility was SO percent to 90 percent completed at the time
of the hearing. _

6 Amendment No. 17 is deseribed by Yankee as constituting editorial changes in the
Tinal Hazards Summary Report and Amendments 18 and 19 involve design changes.

¢ S§ee the following table:

Percent of

Sponsoring compeny stack cwnership

New England Power Company (Subsidiary of New Bugland Electrie

Sy8tem) oo e oL aa oo s 80.0
The Connecticut Light & Power Company : Al
Boston BEdison Company .. ... S 0.0
Contral Maine Power Company . . 9.5
The Hartford Ilectric Light Company i : 0.5
Western Massachusetts Electrie Company : e : 7.0
Public Service Company of New Hampshire . Ghaa e 7.0
Montaup Electric Company (Subsidiary of astern  Utilities  As

L L o s 4.5
New Bedford Gas & Edison Light Company | 2.5
Cambridge Blectrie Light Company | - 5 e e 2.0

(Subsidiaries of New England Gas and Electric Association)
Central Vermont Public Service Corporation oo on 3.5
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which has been carried out with Commission finaneial assistance
qn«lm' the Power Demonstration Reactor Program pursuant to AEC
Contract No. AT(30-3)-333 dated June 4, 1956, Yankee's financing
program, which was considered in a prior proceeding in this docket,
contemplates a stoek investment of 20,000,000 by the sponsoring
utilities and senior financing by the sale of £20,000,000 of first mort
gage bonds and 817.000.000 of bank borrowings. The basie stock
investment has now been completed and enrrent construction costs
are being financed by periodie drawdowns of funds pursuant to com
mitments with senior investors. The applicant reports that its orig
nal estimate of costs appears to be adequate and may be underrun.
Construetion is well advanced and is scheduled to be complete so as
to permit loading of the initial core by August 1, 1960, with a possi
bility that this date may be anticipated by as much as a month.

The Yankee plant is located on the Decrfield River in northwest
ern Massachusetts just south of the Vermont border and approxi
mately 10 airline miles east of North Adams, the nearest major
]mpul:lll«f!l center.  The site was coleeted. among other reasons, be
canse of its proximity fo existing transmission facilities, which inter-
connect with the main New Fngland transmission grid, and because
of the availability of adequate cooling water from Sherman Pond,
which serves an existing hvdro-electric generating station.  The
Deerfield River forms a valley in the surronnding Berkshive Hills
which rise to a height of approximately 1,000 feet on either side of
the plant site. The surrounding area is predominantly rural and
sparsely populated.  In the immediate vicinity of the sife is an ex
clusion aren of approximately 2,000 acres owned by Yankee and its
aflilinte. New England Power Company. A secondary highway
passes the site on the opposite side of the river approximately 1,000
feet from the plant at it nearest point. The topography. meteorol
ogy, hydrography, geology. and seismology of the site are deseribed
in detail in the license application and appear to be generally favor-
able for the proposed operation. ;

As stated. the plant will consist of a pressurized water reactor for
the production of steam and a turbine generator of conventional de-
sign for the production of viectricity. The reactor itself and all
associated components of the primary main coolant system will be
enclosed in a steel containment vessel which will be sealed at all
times when the reactor is critieal. The control room is located in
the turbine building adjacent to the containment vesiel.  There is
suflicient shielding between the containment vessel and the control
room to permit prolonged operation of the control room in the event
of the worst credible release of radioactivity to the containment
vessel. : .

The primary coolant system is a closed circuit that is kept under
pressure to prevent boiling in the reactor. Water from the primary
system is then led through steam generators where steam is created
in the secondary system to supply the turbine generator. Water
from the primary system is treated in the waste disposal system for
further use or ultimate disposal. Residual wastes will be disposed
of,m accordance with Commission regulations.

The core of the reactor consists of 25,142 stainless steel clad fuel
rods, approximately 714 feet in length and 0.34 inches in outside
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diameter, The nuclear fuel consists of sintered uranium dioxide
enriched in the fissionable isotope U-235 to 3.4 wt. percent. Indi-
vidual fuel rods are assembled into groups of 304 or 305 to form 76
fuel assemblies. The fuel assemblies are designed to permit insertion
of 24 moveable control rods and 8 fixed shim rods. Individual
drives for each control rod are mounted on the reactor vessel head
and operate on a magnetic jack principle. If a scram signal is
initiated, or if the electrical supply to the contrel rod drives is cut
off for any othor reason, the magnetic coils of the drives will be
de-energized and the control rods will drop into the core by gravity
to shut down the reactor. The control rods are fabricated from an
alloy of silver cadmium and indium and ave nickel-plated to reduce
corrosion. The control rods are designed to have a neutron absorp-
tion worth adequate to shut down the reactor at all times during
operation and will be supplemented by a boric acid system designed
to provide additional control to keep the cold, clean reactor sub-
critical during extended shutdowns. ,

The main coolant system consists of four identical loops of 20
and 24 inch-stainless steel piping leading from the canned motor-
type circulating pumps to the reactor vessel and thence to the steam
generators. The primary system is expected to operate at pressures
ranging from 1,800 psi to 2,300 psi and at temperatures in the range
of 495° F. to 535° Corresponding steam conditions in the sec-
ondary system will be 475° F. at 525 psi. Pressure in the primary
system will be controlled by an electrically heated pressurizer de
signed to control transients caused by an increase or decrease in
power demands. The primary plant has 17 auxiliary systems, In-
cluding the pressure control and relief system, charging and volume
control system, chemical shutdown system, purification system, com-
ponent cooling sys'em, corrosion control system, sampling system.
radioactive disposal system, shutdown cooling system, vent and drain
system, safety injection system, reactor control system, nuclear in-
strumentation and reactor projection system, radietion monttoring
system, vapor container atmosphere control system, decontamination
system, and fuel handling system. For the most purt, these sys-
toms are conventional in design and pose no safety or engineering
problems in connection with a nuclear power plant.

The radioactive waste disposal system was the subject of a pre-
liminary report from the Advisory Committee on Reactor Safe-
guards dated October 21, 1958, and appears adequate to contain and
treat all radioactive wastes from the plant so that they can ulti-
mately be disposed of safely and in accordance with the Commis-
sion’s regulations. The instrumentation included in the reactor
control system appears to provide all necessary information to the
reactor operator for the safe control of the reactor. In addition to
the control instrumentation, the applicant proposes to include in-core
instrumentation in the form of flux wires and thermocouples which
will be used to obtain additional information as to flux and heat
distribution within the core. The radiation monitoring system 1n-
cludes instruments to provide continuous information as to the level
of radioactivity at the exit of the main plant stack and at other
critical points in the plant, with visual and audible alarms in the
event of activity in excess of predetermined levels.

'
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The technology of pressurized water reactors is well established
throngh successful operation of varions Commission-owned experi
mental facilities. These include the naval propulsion reactors u od
to power the Nautilus and other atomie submarines, the Army Pack
age Power Reactor, and, of particular relevance to the Yankee re
actor, the pressurized water reactor now in operation at the Ship
pingport power plant. The pr neipal innovations in the Yankee
reactor relate to core design.  As compared with the Shippingport
core, these innovations consist of the use of uranium dioxide nstead
of metal uranium, the use of a uniformly enriched core mstead of
a seed-and-blanket arrangement, and the use of boric ucid as a
supplementary control feature. These matters have been the subject
of extensive investigation through the Commission-financed research
and development program, and the design of the initial core has
been based on the results of this program.

From the point of view of safety, the important characteristics of
a pressurized water reactor are the normally negative temperature
and power coeflicients, which tend to limit neutron multiplication as
temperatures in the fuel and moderator increase. Calculated results
and eritical experiments conducted as a part of the Yankee research
and development program confirm the strongly negative chatacter
of the coeflicients of reactivity in the reactor. Caleulations indicat
ing that these negative reactivity coeflicients will not be affected
appreciably by the buildup of platonium will be verified in the
Yankee power reactor at startup, after 2,000 hours of operation, and
at succeeding intervals during core life. The effects of plutonium
buildup on these coeflicients have been stated to be small enough to
permit these measurements? to be made with safety during the
course of operation “ the Yankee reactor. It is expected that the
measurement at successive 2,000-hour intervals will indicate trends
which are taking place long before any of these would significantly
affect safe operation of the reactor.

The initial Yankee core has been designed to insure a capability
of 392 MW thermal, or 110 MW electrical, in the expectation that
the actual capability of the core will probably he commensurate with
the design capacity of the plant of 485 MW thermal or 136 MW
eleetrical. A similar inerease in actual core capability has been a
common experience in other reactors, and if available here will con-
tribute to a lower cost per kilowatt hour for the Yankee plant. The
availability of this added capability will be (l(-t(-rmin(*(s when the
results of tests are available }mm operation at 302 MW thermal.

The controlling factors of this added capability are the hot chan-
nel factors, which stase the relationship between average tempera-
ture conditions and maximum temperature conditions in the core.

7 In its October 21, 1058 letter, ACRS stated in reviewing Amendment No. 7 filed hy
Yankee: “The Committee recommends that Yankee be asked to provide a description of
the specific experiments which will be made to determine the effects of plutonium buildup
on prompt and over-all temperature coeficlents. It suggests that controlled transient
experiments, with known sinusoldal or steps changed in reactivity, may be a convenlent
means of measuring these coefficients.” In the February 1, 1960 letter, ACRS referred to
no other data in this regard than Amendment No. 7. Tt {8 not known If Yankee has out
lined the experiments requested by ACRS. Whether or not submitted to ACRS, Yankee
testified at this hearing, apparently without presently accepting the measurement sugges-
tion of ACRS, that **. .. the exact method of making the tests will be determined to some
extent after maklnf these tests durinf the startup period.” Since ACRS requested a
review of the specific experiments which appear now to await formulation until after
initial startup, it may be that the statutory review by ACRS must include these plans
when they are known.
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The hot channel factors used in designing the core are believed to
embody a high degree of conservatism, which can be determined by
means of the in-core instrumentation provided for in the reactor
design. Safe operation of the reactor at power levels in excess of
392 MW thermal, but not exceeding 4585 MW thermal, can be
achieved if operating results at 392 MW thermal derionstrate that
thermal conditions in the hottest channel and other operating con-
ditions at the increased power level will be within the operating
limitations incorporated in the technical specifications set forth in
the proposed technical specifications.  Accordingly, the Applicant
has proposed, and the Advisory Committee on Reactor Safeguards
and the Iazards Evaluation Branch have endorsed, a program
which will require a minimun of 500 hours of operation at 300
MWT in order that the necessary experimental information can be
obtained and evaluated by the Commission bhefore operation at
higher levels of power may be authorized.

The final Hazards Summary ‘Report mcludes detailed operating
instructions which set out the procedures to be followed and the
various tests to be made during initial startup of the reactor and
during normal operation. Additional operating instructions cover
in detail the procedures to be followed under emergency conditions
which might arise from malfunctioning of equipment or as a result
of a prior operator error. In addition, operating instructions are
provided for maintenance and refueling of the rveactor. The Ad
visory Cemmittee on Reactor Safeguards and the Hazards Fvalua
tion Branch have indicated their approval of the scope and content
of the proposed operating procedures,

The hazards evaluation section of the final Hazards Summary
Report analyzes a series of possible accidents that might occur in
ases predicated on an assumed failure or malfunctioning of equip
ment, in eases involving operator error. and in cases compounded
by both causes. The maximum credible accident is identified as
arvising from a major loss of coolant accident which might result
from a complete rupture of one of the 20-inch main coolant lines.
The anticipated sequence of events following such 2 break would be
loss of the main coolant. by flashing into the vapor container, fol
lowed by a shut-down of the reactor upon loss of moderator. Op
eration of the safety injection system, either automatically or manu
allv. would re-cover the core with water. terminate the accident, and
handle removal of decay heat without damage to the fuel elements
and without any significant release of fission products to the vapor
container.

If it is further assumed that the safety irfjection system failed to
operate, either automatically or manually, a melt-down of the fuel
elements could ensue, with a release of fission products to the vapor
container. but with no return to criticality of the melted-down core.
Calculations which assume extreme values for the amount of result-
ing radioactivity in the vapor container and for possible leakage of
air-borne particles from the vapor container, indicate that the pos-
sible exposure to the public at the nearest boundary of the exclusion
avea would be within certain tolerances, not believed to be harmful
by Yankee, and could be avoided or minimized by the emergency
procedures provided for in the operating instructions. Although the
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sequential compounding of failures assumed in the foregoing se
-ll!h’."u'\‘ Hf events ~ }lt‘“!‘\l'(i !l.\ ‘ll“;\l‘l’ :lhul Hs contractors to go
hevond the bounds of credibility, the analysis of the foregoing
“hypothetical”™ aceident indicates that no serious risk to the public
health and safety would ensne.  The conclusions of the Hazards
Fvaluation Branch of the Commission are in accord with the analy
1= presented by Yankee.

The technieal >|““'”i<':llinll-‘ of the reactor submitted by Yankee
are jllluii\hlwl into five main sections dealing with the site. design
specifications, performance specifications, initial stertup, and oper
':Ikllg ])l'm‘whl_l't\ and restrictions,  The purpose of the technical
specifications 1s to state explictly the characteristios of the reactor
and the operating conditions assumed by the Conunission in evaluat
ne the safety of the facility and to determine that they will provide
adequate protection for the health and safety of the public.  Yankee
has suggested that by incorporating the techniceal specifications i a
definitive construction” permit, or in a stubsequent operating lieense
iy departure from the design characteristics or operating proced
ures approved by the Commission will require prior authorization
by means of a license amendment.  As a result, Yankee contends
that any such change will be subject, as perhaps serinl amendments
are later filed, one by one, to priov review by the Commission, and
Yiankee concludes that approval of the change must he predicated
on a reconsideration of the fundamental safety issues involved.®

Although a construetion permit does not authorize operation, a
full review to the extent possible, of the safety of a reactor neces
sarily assumes a specific set of operating procedures and safety
restrictions, consistent with the design of the facility and intended
use, as known at the time of considering the technical specifications,
As noresult, the technieal specifications to be incorporated in a con
struction permit should generally include provisions designed to
imdicate the operating procedures and restrictions assumed in ap
proving the then known design features of the reactor. A corollary
of this ]n‘m‘ml\ll‘v appears to be that, if the desien of the facility I
substantially changed after the review of technical specifications, at
the construction permit stage, further consideration of safety must
be given to the final specifieations after the desion is made final.
In the instant proceeding involving Yankee, a further proceedine
will be required prior to issuance of an operating license, at which
time the question of safety will again be reviewed and will he based
upon the final design of the facility reflected by the completed con-
struction, and upon the final inspection thereof. (See Commission
decision dated May 9, 1959, Westinghouse Electric Corporation,
Docket No. 50-22.)" It follows that the technical specifications
presently authorized for incorporation in the construction permit
8 This approach was rejected by the Commission as unsatisfactory in the Valleeltos BWR
proceeding wherein some 40 separate amendments were filed.  (See In the Matter of

General Electric Company, Docket No. 50-18.)  For the Vallecitos reactor, the Comins
sion ultimately provided a procedure to obviate many detailed submittals of changes, and
““[illi\]ge l;lxﬂgll"re\'is«‘(! tprn()ml;l;*u rt«-lsn-ll u'ponin different basls, the objective was to avoid
ne cseparate considerations when it appears probable the any ) d ]

Hko)',\: O AnAs R fonataration: I 1 ible that many amendments nre
9 The Commission has been explicit In fts statement that the finding must be made in
an operating leense proceeding: . . . that the facility has been completed in aceordance
vgith the application and construction permit.” The following 18 to be noted: *. . . the
Commission expects an applicant for a final operating leense .. . to present on the reeord
full and complete substantial and material evidence . . . that the faellity . . . has heen
constructed ., " (Westinghouse Llectric Corporation, Docket No. 50-22 June 19, 1959 )
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will be subject to revision in the light of the record in that subse-
quent proceeding, and the order entered herein will expressly so
provide.

An important aspect of the safety consideration appears to relate
to this design change, reflected by Amendments 18 and 19 to
Yankee's appiication proposed to be made at this stage of the con-
struction program.

As a result of the review of the final Hazards Summary Report
by the AEC Hazards Evaluation Branch, it became apparent that
the design of the plant would not permit continued operation with
minor leakage from the primary system to the secondary system at
a time when fission products are present in the primary system as a
result of failures in frel element cladding. A design change to per-
mit safe operation under such conditions was indicated in Amend-
ment No. 18 1Y to the license applic. tion, dated January 13, 1960,
and was covered in detail by Amendment No. 191" dated February
24, 1960. However, the detailed amendment covering this change
has not been reviewed by the Advisory Commitiee on Reactor Safe-
guards or by the Hazards Evaluation Branch of the Conunission.

Accordingly. Amendments No. 18 and 19 cannot be considered 1n
the record in this proceeding as a part of the finul design of the
reactor for the purposes of this proceeding. The filing by Yankee
of these two amendments necessarily precludes the design presented
in this proceeding from being considered as the final design of the
facility.

In addition, an approval of the presently considered specifications
for the present design, through Amendment No. 15, which is not a
final design of the facility, may not remove the advisability of the
submission of data by Yankee concerning developmental operation
of the reactor after eriticality. There are many novel changes in
Yankee's pressurized water reactor. The evidence is that caleula-
tions have been made that all novel components will operate satis-
factorily as a unit. Until these novel features substantially affecting
the safety of the reactor experience from which complete extra-
polations can be made, it may be advisable to provide that a step
wise approach to power be undertaken and that data regarding each
step be submitted to the Commission for its information and re-
view.!?  Yankee has proposed an approach to 392 MW (thermal)

10 Amendment No. 18 consists of one page and states that: “Design changes are being
developed which will permit contivued operation of the plant even with leakage from the
primary to the secondary system. ... These changes will modify present design as follows :
(1) Radiation monitoriug will be provided in the discharge from the air ejector system,
(2) sufficient air dilution of the air ejector discharge will be provided to bring gaseous
effluent activity concentration within acceptable limits, (3) the direet connection from
the secondary blowdown system . . . will be eliminated and in its place a connection will
be made . . . to the condenser circulating water discharge system, . . ."

11 Amendment No. 19 included 40 pages of revisions to technical information for Yankees'
Final Hazards Summary Report to refleet the three categories of changes generally de-
geribed in Amendment No. 18, The changes reflected by Amendment No. 19 are stated
to also include: “. . . a drawing showing the latest control rod design ard a revised
startup procedure covering the initial testing and operation of the control rod drives."

12 This step approval of operations may also be desirable (and can be considered at the
operating license proceeding), ameng other features, for the problem of plutonium buileup
and its effect on kinetic characteristies of the reactor, ACRS first suggested the construc-
tion of a part core for critical experiments in order to measure the effects, Yankee
thereafter concluded as it stated: ‘. . . that such experiments could better be made in
the actual reactor because of the extrapolations required both in size and temperature and
in pressure in translating the results of critical experiments to the actual reactor.” Both
the Staff and ACRS agreed to this approach, and Yankee will devise the necessary experi-
ments after initlal eriticality. Yankee testified, however, regarding the plutonium buildup :
“,, . it is only a minor factor, if any, as a function of power level as distinct from a
function of coefficient of reactivity.” 8o it is not directly a power sensitive factor
and there is no reason to believe that there will be any problem in this case,
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power and the submission of all data councerning operations prior
thereto so that the Commission may specifically consider the advisa
bility of authorizing an increase in power. ‘These suggestions are
particularly appropriate in licensing nroceedings for operating
authority.

For example, the problem of nucleate bot'ing at the surfaces of
the fuel elements was deseribed and the resuits of the vesearch and
development were indicated.  The Chief of the Hazards Evaluation
Branch of the Commission testified:

“There are no suitable instruments by which the heginning or existence
of nucleate boiling in a reactor core can be directly determined. Yankee
therefore intends to use in-core devices to measure neutron flux distributions
at preselected locations in the core and to measure coolant temperatures at
the outlet of coolant channel/s, From experimental observations obtained
with these devices during power operation, one should be able to reliably
predict which regions of the core may sustain nucleate boiling at higher
power levels.”

Particuiarly, as to safety aspects, the Hazards Evaluation Chief
] .
illl'll‘(].

“The safety of operation at power levels higher than those previous(ly)
reached will depend on experimental information obtained from these in
core instruments oad from general observations ot the reactor behavior and
performance at lower levels of power.  We believe the conservatively cal
culated marging of safety with respeet to the extent of nucleate bhoiling
which might occur are sufiicient to give assurance of safe operation under
hydraulic and thermal conditions which will exist at power levels up to 302
MWT . . . power lovels substantially above MWL can be predicted with u
great deal more contidence when experimental data from operation up
to that power level hiave been obtained.”

In considering the effect of plutonium buildup, the Chief of the
IHazards Iovaluation DBranch indicated that theoretical caleulations
were not suflicient but actual measurements were needed, in this
langnage :

‘As the Yankee reactor is initially operated with fresh low enrichment
fuel, the U-235 content is consumed and plutonium is generated from the
U-238 present. Toward the end of fuel life, there is a substantial amount
of plutonium present . . . this shift in composition conceivably could lead
to significantly different characteristics of the reactor. Yankee presented
caleulations which indicated that the effect of plutonium buildup on nuclear
parameters would not seriously affect reactor stability or other safety fea-
tures, even at the end of core life.

“These calculations appear to be quite dependable, at least in so far as
their prediction of general trends to he expected.  Towever, it i recognized
that theoretical calculations can not predict the cventual reactor character-
istics with certar ly; actual measurcments of some sort ore necessary.
Consequently, Yankee has proposed that the power coeflicient of reactivity
and the moderator temperature coetlicient, the two parameters of chief con-
cern, will be measured at each 2,000 full-power hour interval over the life
of the first core. We believe this will be a safe means and the most de-
pendable, of determining th: significant effects of plutonium buildup.

The details of procedure to be used in the determination of the coeflicients
at the intervals indicated have not been acorked out during preliminary
measurements in the reactor experimental program.” (IEmphasis added.)

The same Staff witness also cautioned that the components of the
control rods and drive mechanisms warranted periodic inspection to
ascertain if resistance to corrosion was being exhibited, since, as he
testified: “. . . extensive experience with such components has not
Leen accumulated . . .”
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This foregoing evidence certainly indieates that data from ex
perience will constitute a basis for the required final evaluation of
safety for the Yankee reactor. A present inference from the data so
far presented is that complete extrapolation cannot be made fron
previous experiments, and to that extent, actual reactor operations
wili be needed to secure data whici is concluded to be necessary for
confident predictions of reactor behavior. It further appears that
any data from any source different from that contemplated for any
one of these novel features, i.c.. of the use of boric acid control.
nuclear boiling, plutonium buildup, or possibly the corrosive con
ditions or control rods or drive mechanisms, might require revision
of many of the technical specifications presented in this reactor. The
latest data possible affecting any of these features should be that
utilized for considering the final technical specifications for actnal
operations. It is, therefore, concluded that while the technical
specifications concerning this reactor design of the facility and
known data of expected operations of the Yankee reactor are ade
quate, the numerons questions that exist and which concern the
novel features of this reactor require that no more be done than
that the modified technical specificaiions in this proceeding he con
ditionally approved. After completion of construction, by that tine.
any data from any experience for these features as related to the
then final design that may be available, should be presented, not
necessarily to modify the technical specifications. but to confirn the
tentative approval and also to determine the form and step wise
approach to power that may be necessary to provide adequate pro
tection to the health and safety of the public. In a proceeding for
operating license authority, an earlier approval of technical specifi
ciations should not be construed to preciude or obviate the presenta
tion of any data from whatever source that may be of value
considering the adequacy of the health and safety aspects of a pro
posed reactor operaticn.

Yankee argues for approval of technical specifications. at this
time, in this proceeding, regardless of the eflect of its Amendments
Nos. 18 and 19 <o that operation and initial loading of the reactor
will not be delayed by a proceeding for licensing operating authority.
Yankee points out that it will sustain a moaetary loss from an
inactive mvestment if delay oceurs. In the Commonwealtle Idison
Company proceeding, Docket No. 50-10, E)rm ision was made to avoid
claimed delay and loss by an interim orvder to permit initial loading
and operations to criticality at a low level of power. Commonwealth
accepted that order and when the construction of its reactor was
completed, use was immediately made of its facility by =uch initial
loadings, during the pendency of the licensing proceeding. 1t may
be that Yankee would find that a similar procedure would be useful
and this phase may be considered in its proceeding seeking licensing
operating authority. - _

These conclusions are not inconsistant with the ALC regulations
and the provisions of the Yankee construction permit authorizing
and encouraging Yankee to submit fron: time to time portions of the
“final design™ for evaluation. Yanke» has shown a commendable
effort in seeking to make final, to the extent practicable, operating
specifications and features of the final design. IHowever, on this
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record, no finding can be made either that (1) the design is final.
becanse of the substantinl questions presented by Amendments 17,
18, and 19, or (2) that “the final design provides reasonable assur
mee that the health and safety of the pu}'vlw witl not be endangered
;r'\ "!N‘l'fl’iull u(' the reactor in accordance with the »;»o‘-"':-wi pro ol
ires. . For these reasons, the request by Yankee for deletion of the
paragraph quoted on page one of this decision cannot be cranted
However, the procedures of the Commission, contained i its reeula
tion= and developed by order and decision (partieularly in the Com
monwealth Fdison proceeding, supra) aflord a means for assuring

the planmed loading, starvtup. testing. and operating schedule of
Y ankee can be earried out provided the requived information is
‘Hs“]‘\ -ll[xl)li('«l.

In addition to the fnl‘v:_fuin;j Iilnlil\g~ and conclusions, Hpon the
basis of the record of evidence including exhibits and the proposed
findings and conclusions submitted by the participants herein, it s
further found and coneluded that:

. Yankee Atomie Electrie Company. Boston, Mass,, 1s the holder
of Construction Permit No. CPPR 5 pertaining to a utilization
facility provided hy Section 10t(h) of the Atomiec Energy Act, as
amended, and which permit was issued .on November 4, 1957, and
has been amended on February 27. 14583, October 28, 1958, July 7.
1959, and September 11, 1959, ‘

2. Yankee has requested approval of all technical specifieations
for the present design of it= utilization facthity, and has further re
quested incorporation of such specifications in the construction per
mit and in any superseding operating lcense,

3. Yankee has not submitted all of the teehnieal information
available for consideration in this record as required by the Ao
Energy Act, as amended, and the Commission's reculations to estab
li<h the final desien of the reactor,

Lo The modified technical specitications considered in this pro
ceeding pursuant to Section H50.36(h) of the Conmission’s regula
tions can be given only conditional approval due to the incomplete
ness of the design of the facility as <shown in this record, as the
technieal specifications of Construction Permit CPPR 5 and for any
superseding operating lcense,

S Upon the basis of the presently incomplete desigr of the facil
1Ly, i appears, however, that the processes to he [)vl'fnl'lnwl. the
operating procedures, the present design of the facility and equip
ment, the proposed use of the facility and the present form of the
technieal specttications, collectively provide, on the limited bhasis
presented, reasonable assurance to that extent that the health and
safety of the public will not be endangered by the proposed opera
tion of the facility.

6. Final approval of Yuankee's technical specifications, and pro
posed operating procedures must await the presentation of evidence
of the final design of the utilization facility as reflected by its com
pleted construction, as well as the presentation of any other data
available concerning the novel features of this reactor,

7. Consideration should be given in the proceeding for an oper
ating license for an interim ovder to permit initial loading and

i
1
i

hat
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attainment of criticality at a low power level pending full considera
tion of all data adduced for the scope of the operating license,

8. Construction Permit No. CPPR-5 should be amended to pro-
vide that conditional approval limited by the incomplete nature of
the present design 15 given to the modified technical specifications
and presently proposed operating procedures for Yankee's reactor
utilization facility.

Witererore, 11 18 Oroerep, subject to review by the Commission
upon its own motion, or upon appeal after exceptions, if any, are
filed :

A. The technical specifications as submitted by Yankee Atomic
Electric Company, and as modified by proposals submitted by the
Stadl are conditionally approved as adequate for the protection of
the health and safety of the public based upon the design of the
utilization facility as reflected by the application and amendments
inclusive of No. 16 thereof, but not inclusive of Amendments 17, 1%,
nor 19 filed by Yankee for its application.

B. Final approval is not extended to the proposed technicul speci
fications and proposed operating procedures reflected in this record.

C. At the contemplated hearing to be convened concerning the
issunnce of an operating license. consideration shall be given to the
issuance of an interim order prior to the final order in that pro
ceeding to thereby specify ¢ nditions for the initial loading and
attainment of eriticality to a low level of power.

D. Exceptions, if any, and briefs in support thercof. shall be filed
by May 16. 1960, and briefs in opposition thereto shall be filed by
May 18, 1960, and if the Commission makes no review on its owi
motion, and if no exceptions are filed, this decision shall, in accord
ance with the Commission’s Rules of Practice, become final on May
17, 1960,

Sayvurrn W. JnNsci,
['I'l’.\'/'lll'li{/ () 7;/‘"' /4

&(f

Docxer No. 2713

IN THE MATTER OF COASTWISE MARINE DISPOSAL
COMPANY

Orper Perarrrine INTERVENTION BY Crry or Lose Beaen
AND DESIGNATING TiME AND Prace ror HEARING

(n .\J)!‘l! 21, 1960, the City of Long Beach, Calif., filed 1t pet
i that
it had not been informed of the original request made to this Com
mission by Robert Boswell for a license to undertake certain tiy
1§n-~ Hn'lx':lflq'!‘ ;l!l!in'nl'i/.«'ll l;.\ X!w (omm ~-}tni. to be H!s-i"rf then H
]mH'__' Beach, and further. that the City of I,H‘r;’ Beach had \
interest, separate from that of the Commission and Boswell. in the
operations undertaken to date and for the future by saic
The ('iv_\ further alleged that Doswell. on September 4, 1059, sought
a business license to engage in processing of radioactive waste, ‘}:uf
the City alleged that the officers of the City did not. at that time.

tion to intervene in the above captioned proceeding and alleged o

hecome fll”A\ aware of the nature of the business l"“‘l”"“"‘ to he
conducted. The City alleges that the loeation of the business oper
ated }:‘\' Boswell is unsafe from the ~{;|H'l]n|:|r7 of the health of
persons in the community and is in violation of the City's zoning
provisions,

By a separate petition, City requested that these proceedings be
convened within the City of Long Beach for the convenience of
many persons who might be heard, and furthermore, the City alleged
that there were other loecations in lLos .\ll::o'll’~‘ County \\!II‘}'(‘ apera
tions by Boswell could be conducted without danger to health of
imhabitants of that arvea.

The Staff of the Commission, o1 April 29, 1960, filed a combined
answer to the foregoing petitions and entered no objection to the
petition by the City to mtervene, provided the issues of the proceed
ing would not he thereby enlarged by such intervention. The Staff
did object to a consideration of the scope of municipal regulation
as set forth in the City's petition on the ground that it was not
directly related to the present issues in the proceeding, and also
objected to any transfer of the location of the hearing from the
Federal conrthouse in Los Angeles to other facilities in the City of
Long Beach. .

The Presiding Officer finds:

1. Good canse has been shown to permit intervention by the City
of Long Beach in this rl'()H'W“HL’ without any addition to or en-
largement requested by the City of the issues specified for considera-
tion by the Commission,
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2, Suflicient grounds have not been established to warrant an
transfer of the place of the hearing in this cause from the presentl:
designated loeation.

The Presiding Officer orders:

A. The City of Long Beach, Calif., is permitted to intervene and
become a party to this proceeding in accordance with the Rules o
Practice of the Commission, without any addition (o or enlargemen:
requested by the City of the issues specified for consideration by
the Commission.

B. The application by the City of Long DBeach to transfer th
location of the hearing 1s denied.

. This hearing shall convene at 10:00 X, M. on the 9th day of

May 1960 in Courtroom No. 9 of the United States District Court
house, 312 North Spring Street, Los Angeles, Calif.

Samuen W. Jexscir,
['/H .\/‘4//’[:1/ / /Y/Y‘I.r, r.

BYrropvor MATERIAL LICENSES No, 416805 2B3%9 axn No. 4 507411

IN THE MATIER OF ADVANCE INDUSTRIAL N RBAY
LABORATORIES, A DIVISION OF AR ERAMIE INSPEC
TION., INCORPORATED, RESPONDENTE, AND ADVANCE
INDUSTRIAL N-RAY LABORATORIES [N ARPLT
CANT

Issued May 2. 1500

Orper Exrespina Tevrorany LiceNse

On April 28, 1960, Advance Industrinl X-Ray Laboratories; Ine.
filed a requesi for an extension of the teniporary lleense heretofore
i=sued by the Commission, following hearvings held on September 16
and 17, 1059, on the application filed by Advance. In the request
for extension, Advance stated: “An additional two weeks will be
necessary to fully prepare and finalize the said application ¢
On May 2, 1960, Advance transmitted a telegram to the Presiding
Officer requesting an extension of time as previously submitted by
the foregoing letter dated April 28. On May 2, the Stafl of the
Commission stated that the April 28 letter did not technically com
ply with Condition 3 of the Commission’s Orvder, but the Stafl had
no objection to the letter being considered as a nmiotion for the ex
tension of the existing license, nor to the granting of the motion.

The Presiding Ofticer orders:

A. An extension of time is granted and the term of the license
issued to Advance is extended from May 2, 1960, to May 16, 1960,

Saymuen W, .Tr.\'svu.
Presiding Officer.
341
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Docker No. 50-150

IN THE MATTER OF CONSUMERS POWER COMPANY

Issued May 6, 1960

AVPEARANCES :

George F. Trowbridge, Esq., of Marks & Trowbridge, and Harold P. Graves
Iisq., for Consumers Power Company. ;

Jerome Maslowski, Esq., Assistant Attorney General of Michizan, for State
of Michigan, and with Ralph W. Purdy for Water Resources Commission of
Michigan.

Troy B. Conner, Jr., Esq., for Staff of the Commission,

Donald Edward Van Farowe, for Michigan Department of Health.

INTERMEDIATE DECISTON

Consumers Power Company (Consumers) a publie utility operat
ing company, organized under the laws of the State of Maine, but
engaged in buginess solely in the State of Michigan and with prin-
cipal offices at Jackson, Mich., filed an application on January 18,
1960, for a construction permit and an operating license for a nu-
clear utilization facility provided by Sections 10t(b) and 185 of
the Atomic Energy Act, as amended. The arplication was filed in
response to the Power Demenstration Program ' announced by the
Commission in aid of endeavors to develop and construet nuclear
reactors capable of producing significant quantities of electrical
energy. The utilization facility sought to be construeted by Con-
sumers is a direct, single eycle forced cirenlation boiling water re-
actor with an initinl nominal capacity of 50,000 kw electrical (with
corresponding thermal power of 156 MW) and an ultimate designed
capacity of 75,000 kw eleetrical (with corresponding thermal power
of 210 MW).

On February 19, 1960, the Commission issued its Notice providing
for a public hearing which was held on March 19, 1960 to consider
the issuance of a construction permit for the utilization facility
sought to be constructed by Consumers, This Notice was published
in the Freoerar Reaister (25 FR 1699).

By order entered at the hearing, intervention was granted of the
petition by the State of Michigan. Limited appearances, only, were
requested by and granted to the Water Resources Commission of the
State of Michigan and the Michigan State Department of Iealth.

1 As of the date of the hearing, contracts had not heen executed by the Atomic Energy
Commission and Consumers, and its contractor for design of the nuclear facility ; but nego-
tintlons were under way contemplating that General Electric Company would ! reim-
bursed for costs to a speclfied 1imit In carrying out a research and development . Jgram
and Consumers would be reimbursed in a lesser amount for its research and development
work. In addition, Consumers sceks a waiver from the Commission of charges for the
use of nuclear fuel. Consumers does not request any funds from the Commission in con-
nection with the construction of the Big Rock Plant,
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In addition to appearances on behalf of Consumers and the Staff
of the Commission appearances were eniered by the State of Mich
gan by its Assistant Attorney General and by the two Michigan
Commissions by representatives thereof. No other persons sought to
intervene or to otherwise participate in the proceeding. On April 1,
1060, Consumers submitted proposed findings and conclusions, and
the Stafl submitted similar proposals on April S, which were ac
cepted by Consumers on April 13, 1960, On this latter date, the
State of Michigan filed a statement of its position, substantially to
the effect that it and its agencies entered no objection to the issuance
of the construction permit, but reservinge the right to make state
ments or cominents respecting any operating license, which i ex
pected to be considered at a later time. The State of Michigan
added: . . . we expect the Applicant to comply with all applicable
state lnws and it has indicated to us that it desires to do so.”

On April 22, 1960, Consumers filed a further statement velative to
the position aszerted by the State of Michican. repeating its assur
“. . . that the Company iutends to cooperate fully with all
interested State agencies in the course of construction and operation
of the Big Rock Plant.”

The Notice of Hearing issued by the Commission limited the con
sideration solely to the construetion permit requested by Consumers.
and speeified the issues to be considered as follows:

I. Whether the Applicant has submitted suflicient information to
provide reasonable assurance that a utilization facility of the general
tvpe proposed in the application can be constructed and operated at
the proposed site without undue risk to the health and safety of
the public;

2. Whether there is reasonable assurance that the technical infor
mation omitted from and required to complete the application will
be supplied;

3. Whether the Applicant is technically qualified to design and
construet the proposed facility;

4. Whether, vursuant to Section 50.40(h) of the AEC’s regula-
tions, the Applicant is financially qualified to engage in the proposed
activities; and

5. Whether construction of the reactor will be inimical to the
common defense and security or to the health and safety of the
public.

The nuclear power reactor proposed by Consumers would be
located at Big Rock Point, in Charlevoix County, Mich., between the
towns of Charlevoix and Petosky on the northern shore of the lower
peninsula of Michigan. The site is about 4 miles northeast of
Charlevoix, which has a population of 2,700, and 11 miles west of
Petosky, which has a population of 6,500. The site consists of ap-
proximately 600 acres and provides a minimum exclusion radius of
about a half a mile. Access to the site is available by U. S. Michi-
gan Route 31 and the Chesapeake & Ohio Railroad which pass near
the site region at a distance of 14 to 1 mile.

The design of the nuclear system will be based on known tech-
nology which has been acquired in the development of plants such
as the Dresden Nuclear Power Station, EBWR at Argonne National
Laboratories, and VBWR at the Vallecitos Atomic Laboratory. In

ances:
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this direct cycle forced cireulation boiling water reactor, the energy
is to be removed from the reactor core by the light water coolant
and the resulting steam-water mixture flows to the steam drum and
from there the steam flows directly to the turbine control valves
Water from the steam drum is returned to the reactor vessel by re
actor coolant recirculating pumps. The steam flows through a con
ventional turbine cycle with a condenser, feed pumps, and extraction
feed water heaters. Feed water is returned to the steam drum. A\
light water moderated and cooled reactor core is to be contained in 1
single reactor vessel, The fuel will consist of slightly enriched
uranium oxide pellets encased in stainless steel tubing. The ind:-
vidual fuel rods are to be grouped into fuel assemblies. The en
trance to each assembly is provided with an orifice which gives a
means of adjusting the pattern of flow and steam generation within
the reactor core.  The assemblies are positioned vertically in the
core.  Control rods enter the bottom of the reactor core and are
operated by a hydraulie system located beneath the reactor vessel,
The control rods are used to control start up and to shut down the
reactor, to control power, and to shape the neutron flux pattern.

The reactor building consists of a spherical steel containment ves
sel and a reinforced concrete structure therein. This building will
house the nuclear steam supply system and auxiliavies, and facilitios
for storage and handling of new and spent nuclear fuel. The spher|
cal reactor conti.inment enclosure will be designed to withstand inter
nal pressure of 27 psig and will be tested pneumatically at 1.25 of
design pressure. The desion pressure exceeds the 24 psig peak pres-
sure that would result from the postulated “maximum credible acei-
dent™ as most recently calculated by Consumers. Missile protection to
the containment enclosure is provided by concrete shielding which
shields the reactor tank. 'The reactor vessel containing the core will
be approximately 32 feet long and 9 feet in diameter. Base ma
terial of the vessel will be ASTM ‘A302 Grade B firchox and he
clad with stainless steel {ype 304, The vessel will be designed, built
and tested in accordance with the ASME Boiler and Pressure Vessel
Code. The operating pressure of the vessel will be 1,500 pounds per
square inch absolute. Access to the vessel internals and core will he
through a removable head closure whick will also contain ports, In
addition to the core, the vessel will house the control rods and con-
trol rod drives as well as the required instrumentation.

The reactor vessel will also contain the nozzles for the risers to
the drum, inlet nozzles from the recirculation pumps and nozzles
for the core spray and poison systems. A thermal shield is provided
within the vessel which prevents exposure of the vessel walls to ex-
cess fast neutron flux levels.

The single steam drum is provided to separate the steam generated
in the reactor from the steam and water mixture. It also provides
adequate storage capacity to accommodate surges between the reactor
vessel and the drum during transient conditions and assures a posi-
tive supply to the recirculating pumps. It is located high enough
fo maintain natural circulation in case the recirculating pumps are
inoperative. The drum will be a carbon steel or alloy steel pressure
vessel with stainless steel cladding on all internal surfaces, and will
be provided with moisture separators and driers and will be designed
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and constructed in accordance with the ASME Botler and Pressure
Vessel Code.

The reactor core occupies approximately the volume of a right
circular evlinder 7535 inches high and 61.8 inches in diameter. [t
contains 120 square fuel assemblies and 32 control elements in a
square array. The fuel assemblies ave made up of 64 fuel rods in o
square array positioned by spacers in the center and tie plates at the
ends and having an active fuel length of 72 inches. Provision is
made in design for variations in rod length rising from manufae
turing variations or relative thermal expansion.

Eachi fuel assembly is surrounded by a fuel channel which adds
to the stiffness of the assembly, guides the control elements and
separates the ¢oolant in the fuel chambers from that flowing around
the control elements. This permits individual orvificing of each fuel
assembly. The frel rods consist of stainless steel tubinge containing
fuel pellets of sintered nranium oxide 0.318 inch in diameter. The
tubineg has an outside diameter of 0.372 inch and a wall thickness
of 0.024 inch. The ends of the tubing are plugged with stainless
steel fittings which lock the rod in the spacers or tie plates. These
fuel assemblies and fuel elements arve designed for the higher power
densities expected to be obtained in the Big Rock Point reactor.
The higher power densities are gained by the use of smaller dimmeter
rods which results in larger heat transfer surfaces and makes pos-
sible higher heat flux in the reactor without encroaching on normal
fuel element burnout limitations.

The turbine building which houses the power extraction equipment
I5 in many respecis a conventional turbine facility. The position of
the turbine with respect to the containment building is such that,
in the event of a turbine failure, no missles generated would move
in the direction of the enclosure. 'T'he turbine foundation is to be
constructed sufliciently large and strong to support a shield wall, if
shielding should prove advisable in the future. All auxibiary equip-
ment which has significant radiation levels will be provided with
shielding and m many cases with remotely controlled equipment.
Special precautions will be taken in the ventilation of the building
ad all ventilation air is to be discharged through the monitored and
controlled off gas discharge stack.

The 240-foot waste discharge stack will be used to carry all poten-
tially radioactive gases from the piant to the atmosphere. Continu-
ous monitoring will be provided on the stack and the design of the
plant will include suflicient short-term decay facilities co that the
significant quantities of short-lived activation product gases will be
reduced to insignificant quantities (less than 100 microcuries per
second) prior to release to the stack. _ .

Equipment for treatment of liquid wastes by demineralization,
evaporation, or storage is to be provided in a liquid waste disposal
facility. Any release of liquid wastes will be performed by batch
control following analysis and t(reatment to the extent required by
each bateh. Tank sizes are to be adequate to insure storage capacity
for the proposed batch-type operation. Batches to be discharged
will be diluted in the discharge canal at a controlled rate to insure
that concentrations entering Lake Michigan are well within per-
missible limits.
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No solid wastes will be discharged to the environs outside the site
boundaries. Concrete vaults to be installed on the site will be used
to store radioactive wastes until they can be removed by a licensed
disposal contractor. :

In the reactor proposed to be constructed by Consuraers, as in
other boiling water reactors, the temperature, void and doppler co-
efficients of reactivity are all negative in value and hence contribute
significantly to the safety of the system as protection against power
excursions.

Thirty-two control rods are to be provided which will enter the
bottom of the reactor core and will be operated by a hydraulic
system located beneath the reactor vessel. The control rods will
enter the hottom of the core to achieve efficient fuel utilization and
power distribution in the boiling water reactor. Inserting the rod
upward into the reactor core decreases reactivity; withdrawal or
lowering the rod increases reactivity. The control rod worth is fo
be suflicient to maintain the reactor suberitical in the cold clean con-
dition and the failure of operation of any signal rod in seram
operation will not impair the ability to shut down the reactor.

The control rod drive mechanisms are to be designed using a fail-
safe philosophy such that loss of electric power or loss of air pres-
sure acts to initiate reactor shut-dowi. Normal operation of the
control rod drives will be by reactor feed water. Scram water is to
be supplied from either the reactor vessel or an accumulator to in-
sure that an emergency source is available for seram purposes in the
event of low reactor pressure. An individuai drive mechanism is
used to position each of the contrel rods. All rods are serammed
for emergency shut down.

It is expected that the control rod drive mechanism proposed will
operate satisfactorily in the reactor. It may be noted, however, that
before final approval of the design need be made. additional oper-
ating information from the Dresden Nuclear Power Station, which
has a similar system, will be aviilable as well as data from tests
now being conducted by General Electric Company. In view of the
advisability of procuring additional data in this regard, the Staff
of the Commission did not express its opinion regarding the control
rod drive system pending the results of the foregoing operating ex-
perience and tests.

Movement of the control rods for power level control purposes will
be manual, using controls in the main control room. Operation of
the control rods for safety reasons is to be initiated by a reactor
safety system consisting of two parallel safety channels. Each chan-
nel has its own separate power supply and sensing elements. Both
are of fail-safe design throughout; that is, de-energizing will cause
a trip and both must be tripped to cause a seram. In most cases, two
or more sensing element contacts for a given condition are provided
in series in each channei for greater safety. Sensors in this system
are provided to monitor the following plant conditions: high neutron
flux, high reactor pressure, low water levei in the steam drum, simul-
taneous closure of turbine stop valve and primary bypass valve, clo-
sure of turbine stop valve and primary by pass valve, closure of steam
back-up isolation valve, high enclosure pressure, short reactor period,
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low condenser vacuum, low water level in the reactor vessel and si
multaneous closure of recirculation water line valves,

In addition to scramming the reactor, scram signals from this sys
tem will also perform other important safeguard actions. Al seram
signals will close the sphere ventilation isolation valves. Seram sig
nals from either high enclosure pressure or low water level in the
reactor vessel will elose necessary 1solation valves in lines penetrating
the enclosure. Secram signals from closure of either the steam back
up sphere isolation valve or high reactor pressure will initiate emer
geney cooling by means of the emergeney condenser.

As a back-up to the control rod system, there is a manually oper-
ated emergency shut-down control system by which sodium pentabo-
rate can be injected to shut the reactor down in case of an cmergeney.

An emergency cooling systenr, shut-down cooling system and a core
spray system, are available in case of failure of the primary coolant
system.  These are capable of removing the heat from the reactor
for the duration of any emergency that may oceur.

Neutron flux measurements are to be supplied to the safety system
from an out-of-core neutron flux monitoring system. In-core flux
monitoring is to be provided for use in conjunction with the research
and development program. The Applicant has not reached o deci
sion as to whether it is necessary or not {o incorporate the in-core
flux monitoring system in the reactor safety system. It remains to
be demonstrated that the maximum power densities proposed for
this reactor can be safely achieved without the use of in-core monitor
ing acting in connection with the reactor safety system. It is con
templated that experience with the Dresden reactor and its monitor-
ing system should help to provide data helpful in this consideration.
In any event, incorporation of the in-core flux monitoring system
into the reactor safety system could be accomplished prior to opera-
tion without requiring major alterations in other features of the
plant. It is the view of the Stafl of the Commission that sufficient
m-core instrumentation should be provided to detect the oceurrence
of hazardous conditions in the core. Since the plans presented by
Consumers for in-core monitoring are not yet complete, the Staff
judgment regarding in-core instrumentation has not been formulated,

Much detail engineering work on the plant remains to be done,
Consumers proposes to supply additional technical information based
on final design of the facility in the form of a Final Mazards Sum-
mary Report approximately September 1961, The main purpose of
the program, to cover 714 years, is to develop a boiling water reactor
core capable of high power density combined with long fuel life and
low fuel fabrication cost. Three years of the program will be car-
ried out before the plant startup, and this portion of the program is
actually already underway. . ‘

The second portion of {he program will be carried out in the first
4145 years of plant operation, during which the experimental opera-
tion of the plant itself is planned.

The component parts of the research and development program
can be broadly grouped into fuel development, nuclear development
and the planning of procedures for plant performance.

The fuel development for high power density operation includes
design and fabrication process development, irradiation testing in
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the Vallecitos Boiling Water Reactor to 15,000 megawatt days per
ton and postirradiation ex». ination and full seale irradiation at the
Big Rock Point plant.

In order to obtain information useful for large power reactors. th;
demonstration of average power densities up to 60 kilowatts per liter
m limited core regions of the Big Rock Point plant will be one of
the major objectives of the research and development program.

The nuclear development phase includes stability and transient
performance studies, including improvement and application of ana.
Iytical methods, control rod isolation tests in the plant and stability
and rod change performance studies in the plant itself up to 1,500
pounds per square inch pressures. The nuclear development phase
also includes out-of-pile burn out and hydraulic stability tests and
in-pile performance studies on specially instrumented fuel elements,

Comprehensive hazards evaluation of the in-plant program will
precede actual operation of the facility. To accomplish the objec-
tives of the research and development program, the reactor will be
started up with existing known boiling water technology, and the
target operating conditions will be approached in a planned stepwise
manner, with each step contingent on the result of the previous step.

Average power densities of 45 kilowatts per liter have not yet been
demonstrated in other boiling water reactors, and the Staft of the
Commission reserved judgment as to whether the expected power
densities could be safely achieved. Witnesses for both Consumers
and the Staff, however, expressed confidence that this objective of
the program could be safely attained, through the proposed step
wise approach contemplateq in the developmental program outlined
in this proceeding. The Staff indicated that, although the initial
core is being designed for a power density of 45 kilowatts per liter,
the pressure vessel is being sized to accommodate a larger core that
can operate at power densities less than the proposed 45 kw/liter,
comparable to those for which the Dresden and Humboldt Bay re-
actors have been designed, but still capable of developing a power
level of 156 MW (thermal). According to Consumers, the advance
in technology represented in this planned operation of a core at
higher power densities is not being done without the ability to revert
back to operating limits currently established, nor without in-pile
test to prove that this high limit can be safely achieved. Tt is con-
templated that all data needed for the determination that must be
made respecting power density will be available when the operating
status of this reactor is proposed in a subsequent Liearing.

As apart of the Consumers’ safeguard evaluation program, a study
has been undertaken of a variety of normal and off-standard condi-
tions from a safegnard viewpoint. The situations studied included
abnormsl conditions arising when the reactor is operating and con-
trol is held by an operator, conditions arising as a result of equip-
ment malfunction and conditions arising as a result of operator error.
The analysis included accidents in these categories or a reasonable
combination of them. The analysis also included such incidents as
earthquakes, fire, and floods.

The maximum credible aceident which has been postulated for the
Dig Rock Point Plant is a coolant loss accident resulting from a
rupture in the primary coolant system when the reactor system con-
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tains maximum internal energy in the coolant. An analysis of the
consequences of this accident has been used as ﬂmrt of the basis fo
the design of the plant. The assumptions included failure of th
core spray system which then results i fuel meltdown.

The radiological effects of the maximum credible accident hav,
heen evaluated and the major eifects estimated are that no one in the
environment of the plant site would, it is expected, receive as rauch
as a roentgen of external exposure from the direct radiation from
the radioactive vapors in the enclosure or from the “clond™ or fall
out contamination from the leakage of radioactive vapors from the
enclosure.

In addition, it is concluded, no one in the environment of the plant
would receive more than about 10 rems internal exposure from radio
active material deposited in a critical organ. The highest calculated
dose would be to the thyroid. The thyroid dose to persons with
+ hours of unprotected exposure in very limited areas under extreme
combinations of unfavorable circumstances could amount to as much
as 240 rems. The area affected by contamination would be largely
a function of weather conditions after the accident. It is conceiv
able that the general population in a small area near the plant might
hiave to be evacuated for a short period (up to several months) as
a result of ground contamination. Only a few persons would be
involved according to current population distribution patterns. Mon
itoring and possible confiscation of crops and milk might have to be
resorted to over an area of up to about 2 square miles,

Consumers has submitted a preliminary study of the meteorological
aspects of the proposed reactor at the site specified and is continuing
its studies in this regard. Tentatively, it 1s considered that neither
meteorology nor climatology appears adverse. Consumers plans to
submit additional data on this aspect of its project from time to time,
which will be further considered at the time of the request for an
operating license. Prevailing winds are from the west and there are
no significant population centers downwind for a distance of over
10 miles. Only scattered rural residences and a few small commer-
cial facilities are found within several miles of the site. Other than
the cities of Petosky and Charlevoix, there are no nearby significant
industrial operations, except for a cement plant about 9 miles east
of the site. Typical of most of the northern portion of the southern
peninsula of Michigan, the general region of the site is an imporfant
summer vacation land; however, this summer occupancy is not an
important factor within 2 miles of the site. Consumers’ consultant
on meteorology from the University of Michigan has concluded that
the meteorology of the site region will produce no significant limi-
tation on plant design and operation. The meteorological program
to be undertaken by Consumers provides for the installation of in-
strumentation at the site and a detailed study of specific meteorolog-
ical phenomena pertinent to reactor projects.

The geology and hydrology of the site have been investigated and
it is indicated that plant site surface water drainage is directly to
Lake Michigan. This feature gives rise to a substantial safety con-
cern, and the plant will be designed to compensate for this problem.

Water for domestic use and sanitary purposes in the area 1s drawn
either from Lake Michigan or underground wells. There are 30 wells
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within 2 miles of the site and several communities have municipal
water systems using Lake Michigan as a source of water. The like
in this area is also popular for recreational purposes. Water from
Lake Michigan will be used as a source of feed water and condenser
cooling water and the used cooling water will be returned to the
Lake. Preliminary design plans of the plant includes plans for pre
venting contamination of the Lake or the underground water table,
Liquid wastes from the reactor plant are to be held in retention tank -
to permit decay of radioactivity and will be released to the Lake a
controlled rates with appropriate dilu ‘on. Monitoring of such waste
disposal will be made as well as periodic sampling of the Lake waior
at various locations. Surface run-off of accidental leakage of liquidl
wastes from any above-ground storage facility is to be controlled by
diking. Flow of subsurface water will be retarded and any radic-
activity spilled on to the ground would tend to be restrained in mo-
bility by the low perm(‘:lﬁility and ion exchange properties of the
surface soils. At no time will the level activity of intentionally dis-
charged liquids exceed permissible limits. An environmental survey
program is planned that includes periodic sampling of well water,

The ground water region encompassing the plant site is bounded
by a small creek on the east and a relatively high region of land to
the south between Lake Michigan and Lake Charlevoix. The sito
ground water drainage to Lake Michigan is through relatively i
permeable overburden which is expected to have fair to good ion
exchange properties.

The lake currents at the shore line are expected to be from east to
west most of the time with significant diffusion of any liquid effluent:
into the main portion of Lake Michigan.

With respect to the diffusion of plant effluents into the Lake water,
a program is proposed during the period prior to plant operation
to determine more precisely the effect which s:\lw currents would have
on the diffusion rates and the resulting diffusion coeflicients which
could be expected under varying conditions.

There have been no significant earthquakes in this area in historic
times. The plant design is based on Zone 1 requirements of the
Uniform Bui[lding Code which establishes factors of safety which
should be used for various areas depending on earthquake frequency.
Zone 1 assumes a low level of earthquake experience,

The investigations of the various parameters, including meteorol
ogy, geology and hydrology and the population density and indu-
trial activity of the area indicate that this location is satisfactory
and that there can be expected no undue limitations to the operating
characte  ‘ics of the plant placed on it by its surrounding environs,

It is ¢ - cluded that the design of the plant will offer adequate
protection against any hazard from radioactivity which may be
discharged into the water and that the proposed site is suitable for
location of the described reactor.

The Advisory Committee on Reactor Safeguards has reviewed the
Applicant’s Preliminary Hazards Summary Report and in its report
to the Chairman of the Atomic Energy Commiscion, dated March 14,
1960, the ACRS stated that:

“Presupposing continued, generally favorable experience with hoiling water
reactors, the Consumers Power Company proposes to condict an unusual
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four and one-half year researct and development program sponsored hy the
Atomic Energy Commission to explore the area of high power ;h_'nsl(los.
optimumn conditions for higher power density operation, longer fuel ‘X‘xﬁx :Hu!
reduced fuel fabrication costs. It is anticipated a power level of 240 MW
thermal wmay eventually be obtained. The Committee recognizes that the
detailed design and the experimental program will require additional study
liater

“It is the cvinion of the Advisory Committee on Reactor Safegurrds that
4 boiling wa‘er reactor of this general type and power levels can be con
etructed at the propased site with reasonable assurance that it may be
operated without undue risk to the health and safety of the public”

Evidence was presented concerning the experience of General
Jlectrie Company respecting design and operation of test 1}:1‘~I--:|x'
reactors, and of Bechtel Corporation respecting construction of
varions nuclear facilities, both of which organizations have been
<elected by Consumers for the project it proposes in this proceeding.
It is concluded that Consumers, in conjunction with General Electrie
Company and Bechtel Corporation, is technically qualified to design
and construet the proposed facility. A

Consumers estimates that the total cost of construction of the Big
Rock Point Plant will be $27.762.000, and the Commission's Stafl
believes the estimate to be reasonable. Consumers plans to finance
the plant as an integral part of its normal construction program
through the use of funds internally generated and from the sale of
ecurities in the same general manner as other plant additions are
financed. Consumers’ general finaneing plan is to mamtain the exist-
ing capitalization ratios between common stock, preferred stock and
debt securities within ratios which are believed to be consistent with
acceptable publie utility financing criteria.  Upon the basis of the
present ability shown by Consumers to generate funds and the pro-
posed general plans for financing, it is concluded that Consumers
has demonstrated sufficient financial qualifications to undertake the
construction permit sought in this proceeding. : ;

In connection with its application for a construction permit, Con-
sumers has requested an allocation by the Commission of 4,791.8
kilograms of contained U-235 to cover the fuel requirement of the
reactor through a 40-year operating period. ‘The financial data sub-
mitted by Consumers indicates suflicient ability of Consumers to be
financially responsible for the maximum quantity of special nuclear
material which is expected to be nutstﬂmﬂin;_: to Consumers at any
one time,

The determination of the existence of reasonable assurance that
the utilization facility can be constructed and operated at the pro-
posed site without undue risk to the health and safety of the public
15 limited by the present record to the conventional type of boiling
water reactor with a power density of 30 kilowatts per liter. Many
details of the design of Consumers’ project remain to be cmnY]c-tml.
The Staff of the Commission has expressed the view that while it
i3 believed that experiments will develop satisfactory designs, it re-
mains to be demonstrated that the maximum specific power densities
proposed can be safely achieved. and that clarification must be pro-
vided on the need for in-core instrumentation which may appear
to be necessary as performance parameters are better understood.
The adequacy of the control rmi drive mechanisms may warrant
re-examination at a later stage in the design calculations.




362 ATOMIC ENERGY COMMISSION REPORTS

In addition to all of the foregoing constituting findings and con
clusions, and based upon the entire record of this proceeding includ
ing the contentions and statements of the participants, and the pro
posed findings and conclusions which have been adopted, modified
or rejected, as shown herein, the Presiding Officer hereby further
finds :

1. Consumers Power Company. a corporation organized under the
lnws of the State of Maine, but ergaged solely in business as a utilit,
within the State of Michigan with principal oftices at Jackson, is a
qualified applicant to receive a construction permit provided by the
Atomic Energy Act, as amended,

2. The nuclear reactor project proposed to be constructed by (o
sumers is a utilization facility within the meaning of Section 104(h
of the Atomic Energy Act, as amended.

3. There is sufficient information available to provide reasonabl
assurance that the utilization facility of the general type proposed
in the application by Consumers can be constructed and operated
at the location specified without endangering, and will provide ad
(quate protection to, the health and safety of the public.

4. There is reasonable assurance that, in accordance with the re
search and development programs outlined in the evidence and th
availability of alternate proven features to be incorporated in the
reactor should necessity therefore require, the technical information
omitted from the application will be supplied.

5. Consumers, General Electric Company, and Bechtel Corpora
tion, collectively, are technically quulified to design, construet, and
operate the proposed utilization facility.

6. Consumers is financially qualified and able to engage in the
activities proposed in its application in accordance with the Atomn
Energy Act, as amended, and the Rules and Regulations of the
Commission.

7. The issuance of the construction permit in substantially the
form attached hereto will not be inimical to the common defens
and security. nor to the health and safety of the public.

Witkrerore, It 1s Oroeren, subject to review by the Commission
upon its own motion, or upon appeal after exceptions, if any, are
filed:

A. The Director of the Division of Licensing and Regulation of
the Atomic Energy Commission is directed to issue a provisional
permit substantially in the form of Annex A made a part hereof.

B. The construction permit shall be provisional to the extent that
a license authorizing operation of the facility will not be issued by
the Commission unless Consumers has submitted to the Commission
(by amendment to the application) the Final Hazards Summary
Report (portions of which may be sabmitted and evaluated from
time to time) and the Commission has found that the final design
provides reasonable assurance that the health and safety of the pub
ic will not be endangered by operation of the facility in accordance
with the S})(‘('iﬁ(‘(l procedures, :

C. The Director of the Division of Licensing and Regulation of
the Atomic Energy Commission is further directed to allocate or
arrange for the allocation to Consumers, for use in the operation
of the reactor 4.791.8 kilograms of uraninm 235 contained in uranium
in the isotopic ratios specified in Consumers' application.

CONSUMERS POWER COMPANY 308

D. Exceptions, if any, and briefs m support !iu-u--tt" must | ?
by May 27, 1960, briefs in opposition thereto shall be filed by May 30
1060, and if the Commission does not initiate a review on its own
motion, and no exceptions are filed, this decision shall, m a cordance
with the Commission’s Rules of Practice, become final on May 28

1060,

w tiled

SaMuen VY. JENSCH

/

74
ANNEX A
Docker No. d0=15
IN THE MATTER OF CONBUMERS POWER COMPAN)

CONSTRUCTION PERMI

Pursuant to the Atomic Energy Act of 1051 % N fedd  Cher i
ferred to as “the Act'™) and Title 10, CEFR, Part H0, “Licensing ol Production
ind Utilization Facilities,” the Atomie Energy Commission  (hereinatter re
forred to as “the Commission”) hereby issues a construction permit to Cou
sumers Power Company to construet a 75 megawatt (electeical) h zh power
density boiling water nuclear resctor as a utilization facility

This permit shall be deemed to contain and be subject to !fo" u-'d{!,.« 18
specified in Sections D054 and H055 of sabd regulations; is \...;.v.( lo all
applicable provisions of the Act, and rules, regulations, and orders o hie
Commission now or hereafter in effect: and is subject to the additional cot
ditions specified or incorporated below

A. The earliest date for the completion of the facility is Ialy 1, W2 I'hie
latest date for the completion of the facility is July 1, 1963

B. The site proposed for the facility is the location at Big Rock Point,

Charlevoix County, Mich,, Jdescribed in the application
(', This permit authorizes the applicant to construct the it
ance with the application and amendments thereto heretofore
proceeding without further authorization ‘ . '
[, If the appiicant desires Commission approval of any particular technical
it may request

lity in accord
filedd in this

specitication, prior to consideration of @ leense to operite,
that the Commission grant specitic approval of any technical specitication by
appropriate amendment to this permit ‘

E. This permit is provisional to the extent that a license authorizing opera
tion of the facility will not be issued by the Comnission unless Consumers
Power Company has submitted to the Commission  (by amendient to the
application) the complete Final Hazavds Summary Report (portions of which
may be submitted and evaluated from time to time) and the Compnission has
found that the final design provides reasonable assurance that the .h«-:xllln
and safety of the public will not be endangered by operation of the facility
in accordance with the specitied procedures,

. Upon the filing of any additional information n_m-l"w!l to bring ’Iu.- orig
inal application up to date, upon filing of proof of financial protection as
required by Section 170 of the Aet and the i‘nmnnxfinu‘.\- ]‘u;:\n_l:xnunx and
upon a finding by the Commission that construction of the l:n-‘:llll\' h:lg hlm-n
completed in accordance with the final design as approved by the ( omnission,
and that the facility has been constructed and will operate in conformity with
the provisions of the Aect and the Rules and Regulations of the Commission,
and in the absence of any good cause shown to the Commission why the
granting of a license would not be in accordance with the Act, the Commis
sion will issue a Class 104 license to Consumers Power Company pursuant to
Section 104(h) of the Act, which license shall expire forty years from the
date of issuance of this permit.

(i. Pursuant to Section 50.60 of the regulations in Title 10, Chapter 1, CFR,
fart 50, the Commission has allocated to Consumers Power Company for use
in the operation of the reactor 4,791.8 kilograms of uranium 255 contained in
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uranium in the isotopic ratios specified in Consumers Power Company's ap-
plication. Estimated schedules of special nuclear material transfers to 1.‘
sumers Power Company and returns to the Commission are contained i
Appendix IX of Part A of the application. Shipments by the Commission to
Consumers Power Company in accordance with said .\'mwnxiix' IX will be
conditioned upon Consumers Power Company's return to the Commission 4
material substantially in accordance with said Appendix IX. el

For THE AtoMIc ENERGY COMMISSION,

Date of Issuance:

Docker No. 50-10

IN THE MATTER OF COMMONWEALTH EDISON
COMPANY

lssued May 16, 1960

APPEARANCES @

Isham. Lincoln, and Be.le, Counselors at Law, by Arthur C. (iehr, Esq., for
Commonwealth Edison Company, and William F. Kennedy, Fsq., for General
Llectric Company.

Gerald Charnoff, Esq., for the Staff of the Atomic Energy Commission.

Harry Begley, Esq, Special Assistant Attorney General, for the Illinois
Commerce Commission. .

Spcond Svreremestan INterMepiate DECISION

Commonwealth Edison Company, Chicago, T1l. (Edison), filed a
report on April 28, 1960, of test operations and results concerning
its nuclear utilization facility generally described as the Dresden
reactor. This report was filed pursuant to the an\'isinns madc 1n
1 Supplemental Intermediate Decision issied on November 12, 1909,
which authorized test operations and limited power levels up to
315 MW (thermal). The report filed by Edisor in April was sub-
mitted as a part of the basis for its request for an operating license
to permit operation at the Dresden reactor to the full Timit of the
designed power. The Dresden reactor is the largest of its size pro-
posed to this time with an anticipated ultimate capacity of pro-
ducing an electrical output of 180,000 KW, (‘nrros-‘pnmliukz to a
reactor thermal power of approximately 630 megawatts. On / el 1,
1960, further in accordance with the aforesaid Supplemental Inter-
mediate Decision, an Order was entered providing for a public
hearing on the matters to be presented by the report which Edison
had theretofore indicated would be filed on April 28, 1960, Hear-
mgs wore held on May 4 and 6, 1960. No additional appearances
were entered than those which had appeared in the earlier hearings
held in this proceeding. Kvidence was presented by both Edison
and the Staff, and in addition, a report of tie Advisory Committee
of Reactor Safeguards was n'c(-ivmll into the record.

Following the issuance of the hasic Intermediate Decision in this
proceeding on September 26, 1959, Idison undertook the nuclear
fuel loading into the Dresden reactor and later achieved criticality !
on October 15, 1959. On November 3, when Edison was analygzing
the physics data taken in the 84 fuel assembly loading, it was dis-
covered that one of the nuclear activity control rods had no appar-
ent worth for control, and a visual inspection revealed that a poison
blade had separated from its drive mechanism and remoined in the

1 Twenty-elght (28) fuel assemblies were used.
355
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nuclear core when the drive was withdrawn. Edison stopped the
nuclear activity in the reactor core which was then dispersed, and
all 84 control rod drives were removed for inspection. A number
of the seal rings required for proper buffering action at the end of
the nueclear scram, or shut-down mechanism, were found to be
cracked, and these damaged seals were replaced, and in addition, the
pin arrangement was changed in an endeavor to avoid further pin
shearing due to any failure of buffer action. On December 12, 1959,
the nuclear core was reconstituted by fuel assembly loading, and it
was then discovered that another poison blade, which i1s a part of
the nuclear control rod drive, had also separated from its drive
mechanism, as a result of the shearing of two pins therein. At this
point, all operational activities at the Dresden reactor were sus-
pended, and the nuclear fuel dispersed in order to permit Edison
and General Electric to undertake a complete investigation of the
control rod problems. Iidison reported both of these incidents to
the Commission and invited its review of all steps undertaken to
resolve the difliculties. IEdison made a complete analysis of the
entire control rod mechanism and the defects® in prior assembly
units and arrived at changes believed to be fully corrective. Prior
to further nuclear loading of the reactor. Kdison determined the
effectiveness of the changes by extensive nonnuclear tests without
any failure or indication of wear on the pins. Thereafter, nuclear
fuel loading was made, and the tests at zero power outlined in the
hearing in this proceeding in July and September 1959 were under-
taken, followed later by further tests at various power levels, at
specified step wise increases,® in which confirmation was achieved
of the safety parameters of the reactor. and by which Edison at-
tained the presently licensed limit of 315 MW thermal.*

From the evaluation made by Edison at this 315 megawatt level,?
it has extrapolated those results to predict safe operation of this
reactor at the full designed power level, but nevertheless, dison
proposes only step wise increases to further power at scales of 60 MW
(thermal), or less, as outlined in the original hearings.

In further support of its application for authority to operate the
Dresden reactor at power levels up to 630 megawatts, Edison offered
evidence from personnel in charge of and responsible for the opera-
tion of Dresden and the conduct of the testing program. In addi-
tion to a summary of all tests and operaticns conducted since initial
loading of the reactor commenced last October, the evidence gave
particular emphasis to a review of the test results which had a
bearing on the questions noted in the Supplemental Intermediate
Decision respecting the stability, responsiveness to control and meas-
urement of heat flux distribution. The testimony also reviewed in

2 I'or instance, Edison's witness stated that the locking nut at the top and bottom of
the fuel assembly had been “disturbed” (after reshipment from GE San Jose testing labo-
ratory), and an inspection showed that the welding of those nuts was not done as effec-
tively as 1t should have been done, so the welding process was repeated.

3 The first nuclear heating of the reactor took place March 31, 1960.

4 Fdison's witness testified: ‘‘Radiation surveys during this period of testing indicated
the need of certain additional shielding against scattered neutron and gamma radiations
gpread for higher power operations in order to meet the radiation limits specified in the
preliminary hazards summary report.”

5 The Dresden reactor, at the time of the hearing, was shut down, and the rcactor head
was removed for the performance of certain gamma scan radiation tests, (o check the
flux profile of the reactor and for the addition of certain shielding and some equipment,
including a shielding plug and new core pressure drop instrumentation. This process may
take ‘. .. a matter of weeks.” This decision is rendered at this time in order not to delay
the planned program for the operation of the reactor.
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considerable detail the inspection and tests of fuel cladding, .tlw
problems encountered with the separation of control rod dx'\\\-j flm[;‘
the poison blades, and a review of operational difficulties, both
human ® and mechanical. _ o

During the initial critical testing of the reactor, control ro
worths and flux distributions were investigated for various critical
configurations of control rods. The principal purpose of this inves
tigation was to determine an optimum control rod configuration .hf
employ during the subsequent startup, nuclear heating, and power
escalation phases of operation. Previous calculations had indicated
that certain groupings of control rods were to be avoided in opera
tion. since the worth of a rod in such a configuration might become
excessive or the flux would be peaked excessively. The criticai test-
ing program at essentially zero reactor power confirmed these pre
dictions. A

It was further demonstrated in the testing program that the
reactor could be made critical by withdrawal of a symmetrical and
uniform pattern of rods with adequate observation of flux levels by
the out-of-core instruments and, in addition, with such a control rod
pattern, flux peaking problems and high worth groupings of rods
in the core would be avoided. . '

The stability tests consisted primarily of rod cycling disturbances,
steam drum pressure changes, load changes and noise measurenients
conducted over a wide range of secondary flows at 1,000 psi and up
to 815 megawatts thermal power. These tests and measurements
demonstrated that the reactor was stable in both time response and
spatial flux distribution in all modes of operation at 100U psi and
up to 50 percent rated power. All indications point to a continuing
wide margin of stability at higher power operations and it appears
highly unlikely that any reactor instabilities, other than xenon in
duced instabilities, will be observed at full power. vidence of the
spatial stability of the reactor flux distribution at half power is
demonstrated by the fact that the whole core responded readily to
changes made in any part of the core without any indication of flux
waves which could be detected on a recorder having a bi-cycle per
second band width. Although there was no evidence of transient
xenon induced instabilities at half power, it appears that such insta-
bilities may be observed at full power. The evidence was that the
behavior and methods of control of xenon induced instabilities are
well known, however. .

Numerous transient tests were conducted at various power levels
with the reactor producing mostly \)g'i.mary steam and also with dual
cycle operation in order to test stability of the system and cont rols.
Abrupt changes in steam pressure, steam flow, generator load, coolant
flow and feed water temperatures showed excellent responses of the
control system and no evidence of instability in either the reactor
core or the reactor system. o

The only variance in the tests results from predictions was the
slightly negative slope rather than the moderate positive slope ex-

6 Bidison’s witness stated: *“At Dresden, a few human errors have occurred, although
in my opinion, the performance of the operating people has been of uniformly high quality,
as good or perhaps better than I have observed at any other installation over the seventeen
vears I have been in the business of reactor operation . .. of the human errors . . . none

as resulted in hazards to plant operating personnel, plant equipment, and certainly not
to the general public . . . people do make mistakes. It is inescapable, even the good ones,

628162 6224
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pected, for the dual cycle steam ﬂowmar. System stability or safety
1s not affected by this difference in slope. The only consequence
should such a negative slope still appear at rated conditions is some
reduction in the expected range of automatic dual cycle control.

The license, in accordance with the report of the Advisory Com-
mittec on Reactor Safeguards, requires that for power operations
above 315 megawatts thermal there be at least 32 in-core ion cham-
bers operative and appropriately distributed throughout the core.
During the hearings, preceding the issuance of the Supplemental
Intermediate Decision, there were some evidence of doubt expressed
concerning the ability and reliability of this system to perform its
function of measuring the heat flux in various core regions. Tests
and calibrations of the in-core monitoring system using in-core wire
irradiations for base measurements show that of 64 ion chambers
installed, at least 56 have been operating satisfactorily since April 9,
1960.7

With respect to the status of the remaining eight ion chambers,
the testimony of an Edison witness is not in agreement ® with the
testimony of the witness from the AEC Inspection Division. This
is possibly attributable to a variance at the date as of which each
witness testified. In any case, both witnesses and the witness from
Hazards Ivaluation Branch concur that the in-core monitoring sys-
tem has been performing satisfactorily and that an adequate number
of monitors are now performing reliably. The long term depend-
ability of the in-core ion chambers being used in the Dresden Nuclear
Power Station remains to be established. Further experience as to
the dependability of the ion chambers will be gained during the
forthcoming rated power tests.

The peak heat flux measured at 315 megawatts was approximately
145,000 btu/ft*-hr. This indicates that with expected activities of
the core flux distribution, it will be possible to operate at a power
level of about 630 megawatts within the peak heat flux limitation
of 280,000 btu/ft*-hr established in the technical specifications.

All of the fuel elements in use at Dresden were reinspected in
December 1959 using newly developed inspection techniques which
permitted the detection of minute cracks in the zircaloy cladding
that did not extend all the way through the cladding. As a result
of such reinspection, about 3 percent of the fuel rods were replaced.
Tests were coudiucted at the Vallecitos Boiling Water Reactor using
Dresden prototype elements in 1958 and 1959. Of 1,200 segments
tested, three developed ruptures. None of these three fuel elements
had been reinspected by the recently developed instrument used
with the Dresden fuel. In addition, 18 segments in the Vallecitos
reactor were intentionally ruptured by drilling holes through the

7 General Electric’'s witness testified that the Dresden reactor had operated for a suffi-
cient period of time to determine all of the nuclear characteristics ¢ the reactor to 315
MW (thermal).

8 The difference is largely in the count of the number of operatiag chambers. Edison's
witness testified: ‘“In the beginning when the chambers were first installed, I think we
had trouble with one or two strings of chambers that were not reading properly and these
were replaced, . . . There are four chambers in any one string or assembly. Of the 16
assemblies, there were two not working properly in the beginning when we went to the
first power level and shut down for some shielding additions referred to earlier, these two
strings were replaced. Since then, Krosoutl_v we have four chambers that are not operating
... two that had shorted and two had opem circuits . . . the present inoperative condition
of four of the 60 chambers.”
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cladding. These tests established ®* that the fuel n}wrt\tus antisfue
torily in excess of the peak heat fluxes permitted for operation at
Dresden. The VBWR tests also demonstrated that under actual
operating conditions a boiling water reactor can tolerate a reason
able number of ruptured elements, that carryover of fission products
does not create a serious problem, and that maintenance following
shutdown is not limited by contamination.

Off-gases have been monitored and these measarvements indicate
that the radioactivity of the fission products in these gases is gen.
erally less than 100 mierocuries per second which may be eompared
to the license limitation or allowance of 700,000 microcuries per
second. These trace amounts indicate a very low level of tramp
uranium (uranium that might have been left on the outside of the
fuel element) in the system, and support the conclusion that the
integrity of the cladding of the fuel elements has been maintained.

While it appears that ruptures in fuel cladding i1s a matter of
concern with respect to all reactors, safeguards have been incorpo
rated in the Dresden design and license to prevent the release of an
undue amount of radioactivity from this source. Because of such
safeguards at Dresden, the concern with the integrity of the fue!
cladding appears at the present time to be primarily economic.

Additional shielding was installed to confine the radioactivity to
local areas in the reactor. where access is not required during reéactor
operations, and gome small amount of additional shiclding is to be
installed during the current shutdown.

In addition to the foregoing tests and changes made since the
date of first criticality of the reactor, and further in reference to
the changes made in the control rod drives, the modifications of five
control rod drives were made, and proven out by operating each of
the five control rods through 500 scram ecyeles without evidence of
recurrence of the difliculty. The corrective measures were reported
to the Commission, together with an anlysis of the safeguards
against a “stuck-rod” incident. On the basis of these reports and
subsequent  successful control rod operation, the Applicant, the
ITazards Ivaluation Branch, and the Advisory Committee on Reac-

tor Safeguards have concurred that causes of ceparation appear to

have been solved. There is also agreement that in the unlikely event
a poison blade becomes separated from the drive mechanism and
sticks in the core, and then falls out unexpectedly, no significant
hazard to the health and safe.y of the public would result.

Edison will observe check procedures designed to reveal condi-
tions which may lead to separation of a control rod from its drive
mechanism. These procedures include the performance of a pull
test on each blade to assure that each blade and its drive mechanism
is properly connected prior to the next startup of the reactor.

One of Edison’s witnesses. who is manager of the Dresden site
operations, and who has had extensive experience in the nuclear field
since 1943, with 16 years of reactor operating experience during
which he directed the startup of several reactor facilities, analyzed
the operating experience at Dresden during the test program to 315
megawatts thermal power level. Ilis analysis included a discussion
of the approximate total of 50 scrams, or automatic shutdowns, of

9 The evidence did not include reference to the characteristics of the 1,184 fuel elementa
constituting the balance of those tested at Valiccitos.




36() ATOMIC ENERGY COMMISSION REPORTS

the reactor. This witness classified the scrams into two categories:
as “spurious” and “real” scrams in reference to both equipment mal-
functions, and the human errors which were encountered. In the
instance of each scram, the safety system proved to be operable and
effectively prevented any hazard to the public and plant personnel.
Such experiences serve to demonstrate the successful operation of
the fail-safe design of the safety system and that the safety equip-
ment functions as intended to safeguard the operation personnel,
plant and the public generally. Instances in which the real 1° serams
occurred were:

December 12, 1959—Investigation revealed that the scram resulted from
tripping of one of the micro-micro ammeter safety channels with reactor
on a rising period although the period was not sufficiently fast to cause
a spurious scram. This scram was attributed to operator error.

April 13, 1960—Through error, a control rod in the reactor was not fully
inserted at the timing checks of the control drive speed,

April 17, 1960—The linkage in one of the regulating valves supplying a part
of the water for normal movement of the control rod drives broke and a
number of the control rods dvifted into the reactor toward the fully in
serted or safe condition. This causes the power level of the reactor to
decrease rapidly. Edison stated that no significant hazard was involved

While the foregoing were classified as “real” scrams, the spurious

serams included the following:

March 7, 1060—Testing was in progress and there was an unplanned place
ment of a void assembly in a water hole, making the reactivity in that
local area of the core higher than had been planned. It was stated that
no hazard was involved.

October 14, 1959—Prior to achieving criticality, there was apparently an
error in the computation of needed number of fuel assemblies. Edison's
witness stated that: *. . . geometric factors explained why the remaining
channels did not accurately predict criticality. Four fuel assemblies were
added to the core. Subsequent analysis revealed that the [our were in
deed less than one half of the number required to reach criticality. No
hazard was involved.”

In addition, Edison’s witness stated that some human errors de-
veloped certain problems whica have been recorded in log books at
the Dresden site and: “The AEC Inspection Division people who
periodically visit Dresden have access to all records, therefore, prob-
ably are aware that such difficulties do occur.” Some of these prob-
lems included (1) the movement of more than one control rod in the
reactor. at different times, due to difficulties which have arisen in
connection with the use of solenoid valves and, (2) pressure reducing
ralves in the water supply system have evidenced a number of opera-
tional difficulties. Edison's witness concluded with the statement
that: ©. . . this review of human errors and equipment failures .. . is
only fair to state again that human errors have been few and equip-
ment failures rare, considering the size and complexity of the plant.
In no instance has human error or equipment failure resulted in
cnditions hazardous to plant operating personnel, plant equipment,
or to the public.”

In each instance of the real scrams the safety system performed
its designed function, and corrective measures were taken. Iidison
stated that the occurrence of “spurious” or “nuisance” scrams was
anticipated and the number was not unexpected nor excessive, Be-
cause of the importance of avoiding unnecessary shutdowns in the

10 The word “real” is used to distinguish scrums from those arising from spurious signals.
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generation of electricity, and in view of the anticipated occurrence
of “spurious” or “nuisance” serams'! the plant design provides for
the installation of some sensoring devices in coincidence. In this
connection, it will be noted that the ACRS letter of May 18, 1050
stated : “All of these ion chambers will be connected to the scram cir-
cuit and may be paired in coincidence circuits to reduce “spurious
serams.”

Witnesses on behalf of both Edison and the Staff testified that the
(raining program of Edison personnel in station operation would
not be complete until some period of time after operation of Dresden
at rated power had been achieved. In this connection, there was evi-
dence that direction of plant operations would not be turned over by
General Electrie to Edison until such training program had been
completed to the satisfaction of both parties. In any case, counsel
for Bdison stipulated that Edison would not accept direction of
plant operations without prior written approval by the (Commission.

The Advisory Committee on Reactor Safeguards has reviewed the
reports of operations of the Dresden Nuclear Power Station up to
315 MW (thermal), or to half power and has reported as follows:

“Tt is the consensus of the Committee that the initial difficulty with the
control system appears to have been solved.  Although the possibility of
future difficulties with this system cannot be ruled out, it does not appear
likely that such difficulties, if they should occur, will create any significant
hazards ro the health and safety of the public.

“The Committee sees nothing in the reported Dresden operational experi-
ence up to half power that would preclude continuing the approach to full
power operation under cavefully planned test and operational procedures
which will assure a prompt shutdown of the reactor in the event of signifl-
cant departures from expected performance of the reactor or its control
equipment. The step-by-step procedures proposed by the Applicant are in
agreement with this concept.

“The Committee wishes to emphasize that the Dresden Power Plant opera-
tions for some time to come must be considered to be developmental in
nature. The large size of the reactor and the relatively novel aspects of
some of its control features go considerably beyond prior experience with
hoiling water reactors. IFurther operations should be conducted with this
firmly in mind, until such a time as there has been a substantial period of
satisfactory operation at full power, the Committee advises that visitor
access to the plant be restricted to those having an official reason for such
visits."”

In reference to the visitor access reference in the ACRS letter, the
record shows that during the construction period Edison permitted

11 A member of the ARC Inspection Division testified he made a series of inspections
of the Dresden reactor from October 1959 through April 1960. His testimony was largely
of two categories: (1) that inspections had been mude, '‘records . . . were reviewed as
well as other operating logs.; and (2) opinions of compliance. No detailed testimony
was g.ven of what was discovered upon the occasions of the inspections. This inspector
witness had not analyzed all of the approximat-ly, “or less than”, 50 scram incldents
which occurred to the reactor, although he did analyze the ‘“‘real’” scrams. He stated:
“1 have no plans to analyze the 50 scrains if that is what the number is.”” He further
testified that he had no specific instructions as to the scope of his inspection, and that
inspection work was largely a matter of personal judgment. He was guided, he said, by
(a) the amonnt of time he had available, (b) his opinion . . . organization's ability to
perform safely, (c) his opinfon of the adequacy of the design of the facility inspected.
The AEC Hazards Evaluation Branch witness stated be ordinarily would prefer to have
an independent audit of all reactor scrams. He testified as follows: "I would think that
for the AEC to fulfill its responsibilities and encompassed in my evaluation of what has
been taking place here, I would think it valuable for some one from the AEC to perform
an independent check on the operation, including such review of such things as the spurious
scrams. 1 have every reason to believe that the Inspection Division of the Atomic Energy
Commission is doing just this. ... I would like to have a report by a trained individual
conducting an independent audit.” He concluded by an affirmative to the question: “The
fact that vou have not received the reports or the details of these spurious scrams, Dr.
Booth, nofwithstanding the fact that you have not recelved these reports, you are atill
quite confident that this reactor carn be safely operated up through the rated power test
in a steady state operation.”
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large numbers of visitors on the site for guided tours of the non-
critical facility. This policy was changed when initial fuel loading
for criticality commenced, and since that time visitations have been
restricted to 12 to 15 per month on the average. IKdison stated that
most of the visitors since the time of initial loading have been guests
of the AEC and the State Department, but there were also invitees
of General Flectric for business reasons. KEdison, itself, included
some persons as visitors whose presence may not have been directly
related to the operations. The Manager of the Dresden Site Opera
tions stated that the number of visitors had not, in his opinion, been
large enough to disturb or interfere with operation of the plant.

Because of the novel aspects of the reactor control features, the
lack of evidence as to the long term dependability of the in-core ion
chambers, the design power level of 630 megawatts (thermal), and
the fact that the program to train Edison personnel in safe opera-
tion of the Dresden Nuclear Power Station, is not now complete and
will not be complete, until some period of time after conclusion of
the rated power tests, the Staff has proposed the issuance of an
amendment to License No. DPR-2 which would authorize the con-
duct of the rated power tests and steady-state operation at 630 mega-
waits (thermal) in accordance with technical specifications attached
to the license. The Staff has proposed that the results of the rated
power tests and the steady-state operations at full power, as well as
the status of the training program, be considered at a further public
hearing to be held after completion of the rated power tests and prior
to turnover by General Electric Company of the direction of the
station operations to Fdison. At that hearing, the Staff proposed
that consideration be given to the issuance of an operating license
for the full term of years requested by Idison. While Edison agreed
that it would not accept full responsibility for the Dresden opera-
tions, and thus release General Tlectric from that direction, until the
Commission had approved such a change in operation, Kdison stated
that it did not desire and therefore opposed a public hearing con-
cerning the rated power tests proposed to be undertaken beyond the
315 MW (thermal) level. the steady-state operations at full power,
and the training program. Edison, however, expressly emphasized
that if a hearing were deemed advisable by the Commission, Edison
would cooperate in every way in suck a proceeding and it implied
it would make its presentation in the most expeditious manner pos-
sible.

In the determination of matters of safety. all data that can be
assembled should be presented, and a public hearing permits a com-
plete review by many interested persons of all aspects that enter into
that consideration. Tt is concluded that a public hearing is required
in this proceeding respecting the foregoing items, and any other
aspects that may develop, either in the particular operations at Dres-
den. or in any respect related to such Dresden operations. In West-
inghouse Electric Company (WTR). Docket No. 50-22, the Commis-
sion stated:

“. . . before a final operating license can be issued by this Commission
all substantial and material facis pertaining to the existing status of the

facilities proposed to be licensed and the proposed operation, including par-
ticularly safety, must be developed in full upon the record.”*

*(Bd.) Sce Order Reopening Proceedings, May 6, 1059, p. 118, supra.
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The results of the rated power tests, particularly as they bear on
the dependability of the in-core ion chambers and the stability of
the reactor at full power operation, and the satisfactory commpletion
of the training program are “sibstantial and material facts pertain
ing to . .. safety” and accordingly should be developed in full upon
a record prepared in a public hearing. ,

In addition to all of the foregoing constituting findings and con
clusions, and based upon the entire record in this proceeding includ
ing all proposals and statements of the participants, which have
been adopted, modified, or rejected, as shown herein, the Presiding
Ofticer hereby further finds as follows:

1. Commonwealth Edison Company, licensee herein pursuant to
License No. DPR-2, has duly filed its report concerning tests, char-
acteristics, operations, and attainment of a power level of 315 MW
(thermal) at its Dresden nuclear utilization reactor facility i ac-
cordance and in compliance with the IFirst Supplemental Intermedi
ate Decision in this proceeding issued November 12, 1900, :

9. Due and suflicient notice has been given of the filing on April
03, 1060, of such report l»}' Edison. and a duly convened public hear
ing has been held to consider all aspects of such report and the pres-
ence or absence of any good cause concerning the grant of further
authority for operations to the fully designed power level of the
Drosden reactor and for the requested term of years. A

3 Good cause exists to grant authority to Iidison to increase ifs
power level operations of its Dresden reactor to 630 MW (thermal)
‘n accordance with the terms and conditions of the findings herein
and the order of this decision, and good cause further requires that
Idison shall not operate the Dresden reactor in excess of or at a
steady-state power level of 630 MW (thermal) without further order
of the Commission. .

4. Liconse No. DPR-2 should be further amended by deleting :
“and subject to the Order of the Commission in reference to opera-
tions of the nuclear facility at the 315 megawatt (thermal) power
level? from paragraph 2 thereof, and by deleting paragraphs 5, 6,
and 7 thereof in their entirety and substituting therefore a new
paragraph 5 to read as follows:

«5. This license shall become effective as of the date of issunance and shall
expire upon issuance of a final decision by the Connnission following a pub-
lic hearinz to be held respecting, and within 90 days after tiling of, the
report of vated power tests, required to be filed under p:nl‘u'.:r:u_lh 8.0 (2)

of this license. Said report shall also include 2 description of the status

of the program designed to train the ('mnmnn\'\'»-:\llh Jidison ]N‘l‘j‘«}lln“"ill
the direction and operation of the Dresden Nuclear Reactor Utilization

Facility. Such hearing will be held upon 15 days’ notice to the public and
no later than 90 days following the filing of the aforesaid written report
of rated power tests by Commonwealth Idison Company with the Seeretary
of the Commission.”

5. In accordance with ti ferms and provisions of the Supplemen-
tal Intermediate Decision issued November 12, 1959, and with good
cause present this decision and order herein should become immedi-
ately effective subject to: . .

A’ The review hereof and further decision by the Commission
upon exceptions hereto filed by any party within twenty days here-
after, pursuant to the Commission’s Rules of Practice, and,
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B. Such further order as the Commission may enter upon sucl
axceptions or upon its own motion within 45 days after the issuance
of this decision.

W HEREFORE, 1T 18 ORDERED, in accordance wi'h the terms and pr
visions of the Supplemental Intermediate Decision issued November
12, 1959, and further in accordance with the Rules of Practice of the
Commission :

A. Commonwealth Edison Company, Chicago, Il is granted
authority and amendment to its existing License No. DPR-2 to
authorize power operations at its Dresden nuclear reactor utiliza
tion facility to a power level of 630 MW (thermal) in accordance
with the findings and provisions of this decision and order, but shall
not operate the aforesaid Dresden facility in excess of orat a steady
atate power level of 630 MW (thermal) without further order of
the Commission,

B. This decision and order is effective immediately subject to:

1. Review hereof and further decision by the Commission upon
exceptions hereto filed by any party within twenty days or on or
berore June 6, 1960, objections, with briefs thereto, filed by June =
1960, pursuant to the Commission’s Rules of Practice.

9. Such further order as the Commission may enter upon sich
exceptions or upon its own motion at any time within 45 days, or
June 30, 1960, after the issuance of this decision.

C. The Director of the Division of Licensing and Regulation shall
forthwith issue an amendment to Edison's License DPR-2, to insert:
“qs revised August 12, 1959 after “February 6, 19597 and to inseri
“and June 17, 1959" after “May 15, 1959" and delete “and” which
appears before “May 15, 19507, and in accordance with the finding-
and conditions of this Order. to amend said License by including
specifically the amendment that:

“This License DPR-2 shall become effective as of the date of issuance
and shall expire upon issuance of a final decision by the Commission fol
lowing a public hearing to he held respecting, and within 90 days after
filing of, the report of rated power fests, required to be filed under para-
graph 3. c. (2) of this License. Said report shall include a deseription of
the status of the program designed to train the Commonwenlth Edison
Company personnel in the direction and operation of the Diresden nuclear
reactor utilization facility. Such hearing will be held upon 15 days notice
to the public and no later than 90 days following the filing of the afore-
said written report of rated power tests by Edison with the Secretary of
the Commission.

SamuerL W. JeNsci,
Presiding Officer.

Docker No

IN THE MATTER OF YANKEE ATOMIC ELECTRIC
COMBPAN)

[ssued ‘]/_:-7/ 18. 1960

Onrorr

At a session of the Atomic Energy Commission held at Washing
ton. D.C.. on the 18th day of May 1960, Commissioners John 5.
Graham. John F. Floberg. John IL. Williams and Robert .. Wilson
present, upon consideration of a motion of Yankee Atomie Electrie
Company in the above-entitled docket dated May 11, 1940, which
was cort fied to the Commission by order of the IMearing lxaminer
Jated May 16, 1960, pursuanc to Section 2.748 of the Commission’s
Rules of Practice. it 1s hereby Onrprrep that :

In the discretion of the Presiding Officer any intermediate decision
and order for the issuance if any, of a license, provisional or other
wise, in the proceeding in this docket initiated by Notice of Hearing
dated April 21, 1960, may provide that such decision and order shall
become effective immediately upon issuance, subject to (1) the re
view thercof and further decision by the Commission upon excep
tions thereto filed by any party within twenty (20) days after issu
ance of such intermediate decision, pursuant to the Commission s
Rules of Practice, and (2) such further order as the C'ommission
may enter upor: such ¢ xeeptions or upon its own motion within forty
five (45) days after the izssuance of such intermediate decision pro
wided. howerer, that in the absence of any further Commission order
pursuant to the foregoirg, the intermediate dezision of the Presiding
Officer shall become the final decision of the Commission at the end
of such 45-day period.

Aroyic KxerGy COMAMISSION,
By Woobronrn B. McCoor, Secrctary.
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BYPRODUCT MATERIAL LICENSES No. 4-1605-2B59 AxD No. 4 o441

IN THE MATTER OF ADVANCE INDUSTRIAL X-RAY LAB-

ORATORIES, A DIVISION OF AIR FRAME INSPECTION.

INCORPORATED, RESPONDENT, AND ADVANCE IN

DUSTRIAL X-RAY LABORATORIES, INC., APPLICANT

Lssued -V"f/ 20. 1960

OroEr EXTENDING TEMPORARY LICENSE

By telegram dated May 19, 1960, Advance Industrial X-Ray Lab
oratories, Inc. filed their request for an additional extension of 20
days of the temporary byproduct material license heretofore issued
l)‘.\_' the Commission following a hearing held on September 16 and
17, 1959, In the request for extension, Advance stated that addi
tional time is necessary for the Commission to examine documents
submitted by the applicant on May 13, 1960 in connection with the
securing of one-year license from the Commission. The staff of
the Commission has indicated that it has no objection to the grant
of a 30-day extension.

The Presiding Officer finds

L. Good cause has been presented by Advance for the grant of a
50-day extension of the temporary license, pending examination by
the Staff of the Commission of information submitted by Advance.

The Presiding Oflicer orders: :
A. An extension of time is granted and the term of the license
issued to Advance is extended from May 16, 1960 to June 16, 1966,

SaMurnL W, JeENscH,
Presiding Officer.
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DockET No. PP-.3*

IN THE MATTER OF CONSUMERS PUBLIC POWER DIS
TRICT POWER DEMONSTRATION REACTOR PROJECT

[ssued June 6, 1960

APPEARANCES

John A. Roscia, Esq. and William L. Clark, Esq., for North American Avia
tion, Inc.

Richard D. Wilson, Fsq. and Clarence A. Davis, Fsq, for Consumers Pub
lic Power District.

John W. Merryman, Esq., for Bechtel Corporation,

W. H. Wright, Esq., for Peter Kiewit Sons', Ine,

Maurice Arxelrad, Esq., for Staff of the Atomic Energy Commission.

INTERMEDIATE Drcision

Consumers IPublic Power District with headquarters at Colum-
bus, Nebr., (Consumers) has exccuted a contract with the Atomie
Energy Commission whereby the latter will construet and author
ize Consumers to operate a nuclear power demonstration reactor for
purposes of electric power generation. The reactor is proposed to
be located at Hallam, Nebraska, which is located approxin:ately
nineteen miles south of Lincoln. ‘The reactor is a 2{0-megawatt
(thermal) facility, (often referred to as IHHNPIEF as an abbreviation
for Hallam Nuclear Power Facility) which is codium cooled, graph-
ite moderated and uses uranium alloyed with molybdenum as a fuel.!
The Commission has proposed this reactor as a part of its an-
nounced promram to demonstrate the usefulness of nuclear facili
ties for purposes of electrical power generation. The C‘ommission
has executed separate contracts with North American Aviation, Ine.
through its Atomies International Division® (Al), and with Bech-
tel Corporation® for the construction of designated portions of the
nuclear plant. The Commission has executed a contract with Peter
Kiewit Sons’, Inc. of Omaha, for construction of the portions of the
plant not constructed by North American and Bechtel Corporation.

On March 4, 1960, the Commission issued its Notice providing for
a hearing on the safety aspects of the proposed nuclear facility,

)

* (1o Docket number later changed to 11503,

1 The orl% nal plans for HNPF included using UOg as the reactor fuel, but In the latter
part of 1958, it was decided that the initial fuel loading in the reactor would be uranium
alloyed with molybdenum as a fuel. ;

2The Atomic Energy Commissfon authorized Atomies International to proceed under
its existing general research contract for the Hallam faellity, The exact dollar amount
of the cost of the AI work for this facility is not readily discernible in this record. By an
amendment to the existing contract, known as Modlification No. 1, dated November 1058,
the Commission agreed to a fixed fee of $360,000 to AI based upon an estimated cost of
$13,687,771 for the Hallam facility. It is understood that the estimated cost is subject
to revislon. By Supplement No. 5 to Modification No. 1 additional funds {fn the amount
of $6,373,490 were provided for carrying out the work of the contract,

3 This contract I8 for architect-engineer services and provides for payment of actual
costs and a fee for services rendered.
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which was held on April 8, 1960 at Germantown, Md. The Con.
mission prescribed the following issues for consideration :

1. Whether there is information sufficient 1o provide reasonable
assurance that a nuclear reactor of the general tvpe proposed can
be constructed and operated at the proposed location within undue
risk to the health and safety of the public:

2. Whether there is reasonable assurance that technical informa
tion required to complete the safety analvsis of thic facility will b
supplied ; :

3. Whether North American Aviation, Ine.. Peter Kiewit Sons',
Ine. and Bechtel Corporation are technically qualified to carvry out
their responsibilities in the design and construction of the reactor:
and

4. Whether construction of the reactor will bhe intmical to th
common defense and security or to the health and safety of th
public. '

Appearances were made at the hearing by North American Avia
tion, Ine.. Bechtel Corporation, Peter Kiewit Sons', Ine., Consumer
Public Power Distriet,* and by the Staff of the Conmission. No
persons sought to intervene or to otherwise participate in the pro
ceeding,  Proposed findings and conclusion= were filed hy the Staf!
on April 29, 1960, and the consent to such Staff proposals by the
other participants was received on May 9, 1960, Also, on April 20,
1960, the Stafl made a motion to incorporate into the record of th
proceeding an aflidavit of clarification of testimony from a stafl
witness,  No objection was filed by any of the participants to this
procedure. ‘The aflidavit does not purport to constitute new o
additional evidence, but is limited solely to matters further explana
tory of testimony already giver. Without establishing any prece
dent for such procedure, the Soaff motion is granied to permit the
aflidavit to be made a part of chis record.

The contract between Corsumers and the Commission provides
as heretofore indicated, that the Commission will furnish an oper
able reactor.,” while Consumers will furnish a site for the reactor.
and will operate and maintain the reactor as well as furnish certain
materials, equipment, facilities, and szervices.®

The site for the IHHNPTE is in a spavsely populated part of Lan
caster County, which is in sontheastern Nebraska.,  Farms and small
communities characterize the area within zeveral miies of the site.
Consumers owns an entire mile square section upon which the re-
actor will be located, slightly southeast of the section center. The
nearest site boundary is about one-quarter mile from the reactor,
A nrailroad right-of-way passes through one edge of the site about
S00 feet from the reactor. The neavest major highway is abou -
miles to the east of the site. There are no inhabited dwellings

4In accordance with the Notice of Hearlng and Rules of Practice of the Commission,
answers were filed respecting the prescribed issues by the participants, except the Staff,
5 The Atomiec Energy Commissfon agreed to bear the cost of preconstruction research
and development in the rstablished amount of $18,000,000 and posteonstruction costs esti-
mated at $8,000,000, o «1 covering some fuel costs and extraordinary maintenanec, This
contract provides t"hm the pr:inyury ro‘s)lmrmihnily for the Hallam Nuclear Power Macility
rests with the Atoruic Energy Commission.

6 Specifieally, ‘ne Commission has= agreed to furnish to Consumers a sodium-cooled
graphite-moders ted reactor designed to produce 710,000 pounds of steam per hour at a
temperature ana pressure adequate to produce 75,000 net electric kw of power, and Con-

sumers will operate and maintain, after full power has been attained, both the turbo
generator and reactor facilities.
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within 1o mile of the reactor. The nearest population center is the
village of Hallam, population 172, about 11, miles south of the
<ite. The nearest large population centers ave Lincoln (population
115,000), 19 miles to the north, and Beatrice (population 13,000), 19
miles to the south. The population density within 10 miles of the
site 1s about 21.12 persons per square mile.

The site for the veactor facility was selected by first considering
the general area in which an additional electric power supply is
required,  Next, the site was selected upon the basis of the exist
ence of an adequate water supply. Fmally were considered the
influence of population distribution, hydrological characteristics,
climatology, and seismological characteristics <o as to minimize the
radiation exposure to the public should a radioactive inewent occur.

I'he terrain at the site is characterized by the rolling hills and
valleys typical of the Loess Sections of the Great Plains region of
the United States.  Ground elevation at the reactor facility is ap-
proximately 1,440 feet above sea level. The site 15 near the high
point of terrain which gradually recedes to the north and ecast to
form the valley of the Platte River.

Surface deainage from the inmediate area of the site i controlled
by retention dams erected for soil conservation purposes, and flows
northerly mto Salt Creek, a tributary of the Platte River. Drain
age water from the avea. insofar as s known, is not used for mdus
trial or domestic purposes for approximaiely 250 miles downstream.?
Water that enters the soil at the site would move very slowly
through a 200-foot surface layver of glacial clay to a gravel layer,
and once in the gravel layer would move laterally in a generally
east-southeast direction ot an estimated rate of only 300 feet per
vear. Thercfore, any water percolating into the soil at the site
would appear to have ample opportunity for decay and ditution
before it might be withdrawn for domestic purposes.

At Iallam there are only infrequent unfavorable atmospheric
diffusion conditions, except for the nocturnal inversions, which do
not persist for long periods. In the general area of the site, the
prevailing winds are from the northwest during the winter months
and from the southeast during the summer months, On the aver-
age, Lincoln is exposed to winds from the direetion of the reactor
site 5.5 percent of the year, Crete 4.3 percent of the year, and
Beatrice 8 percent of the year. Tornadoes occur oceasionally in
eastern Nebraska,  The IHallam area of southeast Nebraska comes
within the definition of Seismic Zone I of the Uniform Duilding
Code, which is defined as an arvea where infrequent seismic disturb-
ance may be expected to cause minor damage. The site for the
HNPF has many favorable features and is believed to be an ad-
vantageous location for a nuclear reactor.

As stated, the IINPE will be a 240 MWT (75 MWL) sodium-
cooled graphite-moderated reactor fueled with stainless steel clad
clements containing slightly enriched uranium--10 percent molyb-
denum alloy.® The reactor core consists of the fuel elements sus-

7 The State of Nehraska Department of Health belleves that there are no persons, com-
munities, or industries using any of the streams draining the reactor site for efther domes-
tic or Industrial purposes for approximately 250 miles downstream of the site.

8 The Hallam facility is represented as reflecting advanced design which produces steam
pretssur(‘. temperatures and plant efliclences exceeding those of contemporary reactor
systems.
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pended in a closely packed array of canned graphite moderator ele-
ments, scalloped at the corners so that each three adjoining ele-
ments form a channel between them which runs axially through the
core. The fuel clements and control rods are suspended in these
channels and the main sodium flow through the core is upward
through them. Tach fuel element consists of a cluster of 19 fuel
rods held vertically in a zirconium alloy process tube. Iach fuel
rod consists of the fuel material in a vo{unm enclosed in a thin
walled, stainless steel jacket. The thin gap between the fuel mate-
rial and the jacket is filled with sodium. A 14-inch layer of sodium
covers the fuel material at the top and above this is a helium volume
provided to contain fission product gases which might diffuse out of
the fuel as it becomes irradiated. -

The reactor core assembly is contained in a stainless steel reactor
vessel of welded construction. At the top, a stainless steel bellows
assembly seals the reactor vessel to the upper cavity liner to prevent
sodium vapors and the helium atmosphere from escaping, at the
same time allowing for thermal expansion and contraction of the
reactor vessel. The reactor vessel is surrounded by the thermal
shield, the function of which is to attenuate gamma and neutron
radiation and thus to prevent the concrete biological shield from
overheating. The reactor outer vessel is a carbon steel tank sur-
rounding the thermal shield and covered on the outside by thermal
insulating material. ‘The outer vessel is located in the reactor cav-
ity which is completely enclosed by a concrete biological shield with
a gas tight lining forming the secondary gas confinement barrier.
A loading face shield in the form of a dense concrete cylindrical
plug encased in steel is located dirvectly above the reactor core.

The sodium heat transfer system consists of three independent cir-
cuits each directly connected to the reactor vessel. ISach circuit
consists of a radioactive primary sodium loop which transfers
thermal energy from the core to an intermediate heat exchanger
and a nonradioactive secondary sodium loop which carries the heat
from the heat exchanger to a steam generator. This arrangement
separates the steam system from the radioactive primary system.
Three steam generators are provided, one for each of the secondary
sodium loops. ISach consists of an evaporator, moisture eliminator
and superheater. Construction is of the shell-and-tube type utilizing
duplex tubes to prevent interleakage between sodium and water or
steam. A third fluid system using helium is provided to monitor
the duplex tubes for leaks. The helium pressure is set at a pressure
intermediate of those of the sodium and steam systeins so that a
suspected leak would be evidenced by a change of pressure in the
helium system. Tests performed at MSA Research Corporation?
on a model of these steam generators demonstrated that the gas
monitoring system operated effectively.

The control rod system is provided to regulate the reactor power
level and to effect emergency setback or shutdown when required.
The rods can be operated automatically by the plant control and
protective systeni or manually by the operator at the control con-
sole. The control rods have a rate-limited motion to ensure that

9 A subsidiary of Mines Safety Appliance Company.
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excessive reactivity cannot be inserted by erroncous action. In the
event that other protective system action cannot adequately main
tain plant safety, gravity fall of the control rods into the reactor
core will provide scram action.

The reactor instrumentation can be divided into nuclear instru
mentation, sodium instrumentation, plant control system, plant pro
tective system, and radiation monitoring system. ‘The nuclear in
sirumentation ecircuits measure and indicate, or record, neutron
flux over the entire operating range of the reactor, starting from
source level. The sodium instrumentation measures and indicates,
or records, pressure flows, temperatures, and liquid levels in the
sodium systems. The plant control system operates the reactor plant
(by adjusting control rods, pump speeds, ete.) in accordance with
plant load demand either by manual, semiautomatic auctuation, or
automatically. The protective system, consisting of alarm, setback,
and seram cireuits, safeguards the reactor against malfunctions and
errors which might otherwise create hazardous conditions.  The
radiation monitoring system measures radiation levels throughout
the plant.

A helium system maintains an inert-gas atmosphere in the re-
actor, in the piping and equipment in contact with sodium, and in
the reactor cavity. A nitrogen system maintains an inert-gas at-
mosphere in the pipe and heat exchanger cells, the cold trap cells,
the carbon trap cells, the primary fill tank cell, the moderator cool-
ant pump cells, the maintenance cell, and the primary service pump
cell.” Nitrogen is also used to provide cooling for the reactor loading
face shield, primary system sodium valves, vapor traps, freeze seals,
primary cold traps, and primary plugging meters.  Circulating air
1s used to cool the secondary system sodium valves, cold traps, and
freeze traps.

A radioactive vent system is provided to control the disposal of
any gas that might be radioactive. A radioactive liquid waste sys-
tem 1s provided to safely collect, store and reduce in volume aque-
ous liquid wastes that may be radioactive.

The reactor building houses the reactor, the heat transfer system,
reactor service systems and equipment, and miscellaneous mainte-
nance and service arcas. The building design conforms to all ap-
plicable building codes.’® The building is of steel frame construc-
tion and the exterior walls are covered with insulated steel panels
joined to form a reasonably tight enclosure. The reactor building
ventilation system is designed to satisfy general heating and venti-
lation requirements and to minimize the possibility of contaminat-
ing the entire plant as a result of an incident in which radioactivity
is released to the air. The design objective with respect to the
confinement of the building atmosphere is to maintain a negative
pressure, relative to outdoor barometric pressure, to insure that
leakage of air is inward toward potential radioactive areas.

There are three general problems that are peculiar to reactor sys-
tems using sodium as a primary coolant. First, the primary cool-

10 Applicable bvilding codes do not require any particular construction as protection

against possible tornadoes, and there {s no evidence that the building proposed would not
be damaged to some extent by tornadoes. However, it {s believed that the containment

cells within the massive concrete structure in the lower part of the building would remain
intact, despite any tornadoes, and prevent the release of radioactivity to the environment.
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ant becomes highly activated with sodium-24 as it passes through
the core. This means that the entire primary sodinm system must
be heavily shielded to protect personnel operating the reactor. Sec-
ond, sodium water reactions must be gnavded against because of
their violent natur~ and the possibility that such a reaction, if it
occurred in primary sodium, could rupture the system and lead to
a large release of activated sodium and possibly fission products,
Third, sodium burns rapidly in air, and hence must be confined in
an atmosphere that prevents the possibility of fires.

The containment scheme utilized in the HNDPE is based upon the
fact that the primary and secondary sodium systems operate essen-
tially at atmospheric pressure. IHence, structures confining the so-
dium systems need be designed to withstand only a small over-
pressure which would result from heating the atmosphere in a
confined space by release of hot sodium following a major system
rupture. The cells containing the primary sodium system are sufli-
cient to withstand at least six psig internal pressure. This is esti-
mated to be double the pressure increase which would result from a
major rupture of primary sodium piping. The possibility that
water and air could enter the confinement spaces and cause sodium
water reactions or combustion of sodium with resulting greater
pressures is precluded by the fact that the cells are made air tight
by a continuous lining of steel sheet. Sodium water contact is fur-
ther prevented by the elimination of all water lines from the vicinity
of sodium systems. The massive structures of the sides and tops of
the cells provide the necessary shielding for the activated sodium.

For each primary sodium coolant loop, there is a double barricr
against the possibility of a release of sodium to the reactor building.
The first barrier is the sodinm piping; the second is the cell. Over
the reactor vessel, there is only a single barrier, the loading face
shield. This shield is a massive reinforced structure sealed about
its periphery by a continuous frozen metal seal. It is capable of
withstanding 58 prig, which is believed to be beyond any credible
pressure buildup m the primary sodium system. The reactor build-
ing serves as a final barrier against the release of activity to the
environment. As previously noted, the building will be maintained
at a slightly negative pressure by the ventilation exhaust system.
Any airborne material released inside the building will have to pass
through filters prior to exhaust through the stock. The contain-
ment capability of the confinement cavities for the primary sodium
system is adequate to contain the primary sodium in the event of
anv credible accident. The leakage rate of these cells is sufliciently
low that even in the event of an accident involving a major pipe
break and partial melting of the core, the off-site exposure wonld
not be greater than the limits specified in Part 20 of the regulations
shown in 10 C.F.R. ‘

The design of components of the secondary sodium loops has
veceived particular attention because of the possibility that a loop
could be pressurized in excess of its design pressure, if a steam gen-
erator tube should fail and allow the higher steam pressure to be
imposed on the system. Such an event could lead to rupture of a
secondary sodium loop in a hear exchanger cell.  This could cause
pressure buildup in the cell sufficien* to rupture the cell. If these
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circumstances were to result in damage to the primary loop within
the cell, primary sodium might escape to the reactor building.

This course of events is considered remote since the steam gener
ator tubes are double walled, with helinm monitor oas in the space
between them. Leaks developing in either the sodinm side or the
water side of the tubes could be detected by a change in helinm
pressure. The evidence indicates that it is diflicult to conceive of
o+ means by which simultaneous failure of beth walls of a steamn
aenerator tube could occur. Further in the event of an overpressure
tondition that could canse rupture of the secondary sodium system,
<uch a rupture would most hkely occur outside of the confinement
cells.  Thus, the containment capability would not be breeched by
this type of incident.

The HNPIE design is in most basic respects patterned after that
of its prototype, the Sodium Reactor Experiment (SRE).! a Clom
llli,\r‘i()ll»l)\\']](‘(\ reactor constructed and operated by Atomies Inter-
national as part of a program to develop a sodium graphite power
renctor.)2  This reactor has been operated since April 1957, and a
total of 2409 MWL of heat has been generated. The design, con
struction, safety featurves and operating procedures of the HNPE
are based on the SRI experience.

During a power run at the SRIS in July 1959, the reactor suffered
considerable fuel element damage.’ AT has concluded that the
damage was a result of contamination of the sodium system by
tetralin, a hydrocarbon material used as an auxiliary coolant for
certain components, Flow restrictions were caused by tetralin de-
composition products deposited on the fuel elements and the reduced
flow resulted in high local fuel cladding temperatures and resultant
failure of the cladding. As a consequence of the SRI incident, Al
made certain changes in the HNPE design involving primarily
(1) complete elimination of the tetralin auxiliary coolant and (2)
provision of means for monitoring the cover gas for fission products
and the sodinm for carbon contamination. It is the opinion of the
technical witnesses that these design modifications eliminate the
conditions responsible for the SRE difliculties without introducing
any additional hazards. Further, the HNPE design now provides
means which the witnesses believe are adequate to detect impending
trouble of a kind similar to that which preceded the SRIS fuel fail-
ure in suflicient time to prevent any serious failure of fuel in the
HNPFE.

SRE experience indicates that sodium graphite reactors in general
can be expected to be stable and easily controlled. At the present
time it is not definitely known whether the overall power coeflicient
of the Hallam reactor will be positive or negative.* The graphite
temperature coeflicient is positive, but other components contribute

11 The SRE facility cost $9,000,000 and has attained a temperature of 1,000°F which
was at that time the highest steam temperature produced from a nuclear reactor,

12 Atomics International will be responsible for the preoperational testing, startup, low
power testing, and initial full power attainment by the Hallam facility.

13 There was damage to 15 of the 43 fuel elements which had been installed.

14 The Staff witness stated: “I think we would like to know whether it is positive or
negative at the time of operation to ascertain that the reactor procedures and operating
techniques adequately consider this problem. However, at the design stage we are not
suffictently concerned about this problem to insist npon a resolution of it at this time.”
In response to a question whether there should be some testing of the reactor after it had
been constructed in order to ascertain the temperature coeflicient, this witness answered
in the affirmative.
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