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PREFACE

This report covers the work of the Atomic Power Development
Associates for the period August 1, 1954 to January 31, 1955. Two
previous research and development rtports have been issued by the
project; the first, Report DCDE-100, reviewed a prior report made -
to the Commission on December 195! and described the objectivu,
the problems, and the progress made by the Project to December 1,
1953; the second, Report DCDE- 101, covered the Project's activities
for the period December 1, 1953, toI.July 31'."“195’4

“The prel'ant report ia drnded into 12 general sections, with the
material herein bemg reported along APDA organizntion lines,

In addition to the work reported here, a considerable portion of
the APDA Working Group's time has been spent in a consolidation
of available information into a reactor design capable of immediate
construction. The design that has evolved has been described in
another report for consideration by the member companiel of APDA,
and others, as a basis for a reactor construction project, Neither -
the nature nor the details of that report are discussed here,




: ADMINISTRA TION

'l‘he name of the Project has been changed to "Atomic Power Develop-

‘ment Associates," and the number of usociatcs is being increased to a
total of 33 companies.

A budget and v’:’o'rk program fox; 1955 was prepared and approved.
This budget, totaling $3,815,000, has been arranged to cover the cost
of work on a long-range, high.performance reactor, as well as to main-

tain the position of being prepared to build the best possible experimental
reactor in the near future,

PHYSICS

Day-to-day problems involving shielding design, criticality studies,
activation calculations, radiation heating analysis, and reactor control
were studied. Projects that are more long-range in nature), including .

safety studies, multigroup reactor calculations, and complete reactor
shield design were started.

A fast reactor control and safety meeting was held in Detroit. Dr.
H, A, Bethe presided at this meeting, and about 45 engineers and scientists

interested in this pliase of fast reactor technology attended. A report of
the presentations and discussions will be issued,

MATERIALS

Preliminary irradiation tests have been run on certain of the fuel
element alloys of interest to the project. The results indicated that a
programmatic research investigation to determine optimum methods of
melting, coating, and fabricating these alloys would be necessary and

that other alloy syotemo should be investigated. Such a program has
been established.

A significant amount of work has been completed in evaluating con-
tainer and cladding materials in molten sodium and NaK. Fusion

bonding of metals at point contact in sodium and NaK environments
also has been studied. y
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FUEL ELEMENTS

Deslgns of composite, sodium-bonded elements have been produced
and analyzed, and development work on the fabrication of fuel pieces has
progressed, ‘'Encouraging results have been experienced on the integrally-

cast type of fuel elements, circular pin-type elements, and in plate-type
elementa.

As part of the fuel fabrication development, effort has been aimed at
obtaining techniques for producing fuel‘'pieces with fine—grained. randomly-
oriented, metallographic structure, Heat treatment has been studied as a

means of obtaining these conditiona for certain alloys of uranium; results
to date are encouraging.

One reactor core arrangement under study utilizes a lazger number of

smaller elements. In general, the smaller size eases some of the difficult
fabrication problems,

BLANKET DESIGN

A breeder blanket has evolved which appears to satisfy most of the
basic design requirements. This design is acceptable as a neutron reflec.
tor and absorber. it can-transfer all of the heat generated within it to
flowing coolant without undue obstruction to this fluid flow and without
producing unacceptably high-temperature areas; its structural strength
appears great enough to aliow it to remain in the reactor without failure
of any of its parts for periods measured in years, Furthermore, its
fertile material is in a form that appears best for aqueous reprocessing.
This {inal consideration is important at present but may be less re-
stricting as alternate processing techniques are developed.

- MECHANICAL DESIGN OF REACTOR VESSEL

Reactor vessel outline drawings have been made for a design with
coolant series-down-flow through the core section of the reactor and
parallel-up-flow in the blanket, Preliminary work has started on the
design of a reactor vessel for coolant parallel-up-flow through both
core and blanket sections. Several methods of supporting, holding,
positioning, and aligning fuel and blanket elements have been investigated.

MECHANICAL amnumq EQUIPMENT

Two arrangements of fuel ldadlng and unloading equipment have been
designed and studied from the standpoint of cost reduction and over-all

Tl
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simplification, In evaluating the two denigm referred to as the two-plug
and single-plug concepts, such items as engineering complexity and de.
pendence on or interference with other systems were considered. Asa
‘result of these comparisons, the single.plug concept has been nlccted for
further study, The single-plug arrangement will be cheaper to build and
offers more in the way of uimplicity and reliability.

Buic engineering studies of the remainder of the fuel-element
transfer system have reached the point where similar detailed concep-
tual studies are necessary. As these studies are made, detail dealgm
of components for the balance of the system may be ltarted

INSTRUMENTATION AND CONTROLS

Studies have been carried out on both a hydraulic control actuator
and an electro-mechanical control actuator, A model of the hydraulic
actuator has been deaigned and is under construction, Tests, which
will begin soon, have been designed to ltudy the operation of sucha
control drive employing liquid sodium as an actuating fluid,

Control element designs have been made and are now being
evaluated; in each design concept, an attempt is made to achieve the
ultimate in simplicity and safe operation,

An analysis has been made of the transient coolant-flow distri-

bution in a reactor during a scram, From this analysis, scram speeds
have been determined '

LIQUID METAL AND STEAM-POWER SYSTEMS

Liquid metal and .tenm.power systems have been revised to reflect
current design considerations. Preliminary drafts of intermediate heat
exchanger speciﬁcatiom. valve specifications, and steam generator units
‘have been completed. A full-length, once-through, liquid metal heated
boiler test has been designed and is being constructed, This test will
provide performance data under normal operating conditions and under
‘transient conditions. Preliminary testing will be done to determine the
uverity of the NaK-water reaction in th!s type of a unit,

FUEL PROCESSING

Preliminary engineering design and evaluation studies were made
for three types of reprocessing plants: aqueous reprocessing, fluoride
volatility reproceuing. and pyrometdlurgical reprocessing. The results
show pyrometallurgical reproceuing to be mout promising. B
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A more extensive theoretical study, based on data from Argonne
National Laboratory, was made on the specific pyrometallurgical process.
that appears to be the most feasible, Plans are now being made to perform
tests and studies to demonstrate process feuibility. S T

A conceptual delign of a fuel diuuembly and shipping facility has
been made, :

SITE AND SAFETY

A tentative site on which to place a reactor power plant was chosen
and various layouts of the arrangement of structures on the site were

made, Reactor safety, site safety, and site development studiel are in
progress,

In considering the health physics instrumentation problems, a survey
and evaluation of present commercial instruments has been made, This
is the first step in the health physics study program,

TEST FACILITY

A decision was made in July, 1954, to construct a test facility
that will be a full-scale prototype of the final design and layott of the
reactor and one sodium loop. This non-radioactive unit is considered
necessary for testing final components, coordinated assemblies, and
for training personnel for the reactor plant.

Space at the Delray Station of The Detroit Edison Company has
been obtained as the site for this facility; clearing thia space is
in progress, and service Iacilities are being provided, Tenutive
. layouts of the equipment have been made, and the design of the tem-

perature control system is under way, It is expected that the hcility
will be in operation in the summer of 1956, '

!
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ADMINISTRATION

ORGANIZATION

The name of the Project was ‘changed from ""The Dow Chemicnl-
Detroit Edison and Associates Atomic Power Development Project"
to "Atomic Power Development Associates." This change was made.
in October, 1954 when the Dow Chemical Company requested Atomic
Energy Commission approval to withdraw from the Project. Con-

currently, the Project requested approvnl to ndd the fonowing nine
companies to the group:

Elgctricv Power Systems

-Boston Edison Compmy

The Connecticut Light and Power Company
New England Gas and E_lectric Corporation
Central Hudson Gas and Electric Corporation
Long Island Lighting Company

New York State Electric and Gas Corporation
Wisconsin Power and Light Company

' Enginee ring O‘gga_nizations |

Commonwealth Associates, Inc
Jackson and Moreland

The interngl orgmiutxon of the Project is still governed by the
"Memorandum of Understanding" dated Feb. 1, 1954 That memo-
randum sets up the objectives and general organization of the Project.
and outlines the relationship betweca the Project Companies, Recog-
nizing the magnitude of the effort confronting the Project and the need
to proceed rapidly on as broad a front as possible, a apecial committee
was set up to study the reorganization of the Project on a basis that
would be commensurate with the work required, It has been concluded,
that for the future, work can be carried on with greater effectiveness
by a more formal organization. the reforc. a decision has been made to
form a non-profit membership corporation under New York 1law.

The operation of Atomic Power Development Associuates is
directed by a Management and an Executive Committee. Members of
these committees are presidents and vice presidents of aeveral of the
associated companies, Reporting to them are the Legal. Economic,
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Finance, Technical, and Public Information Committees, a.ll of which are
similarly composed of top executivea ftom the associates, The responsi-
bility for day-to-day management of the Project is vested in the Project
Manager. Figure 1 shows the relationship between the comrmttees. the
Project Manager, and the. Working Group.

PERSONNEL

~ The total number of 'péraf;ann?l in the APDA ‘Working Group is 54. This
figure is broken down as follows:
Admini stratg’vé '_:z';nd Clertcal 11
Technical i ' 40
Physics
fucl & Blanket Elements
‘Mechanical Handling & Design
__':Materiala
:_;:_,Contrnl & Instrumentation
Liquid Metal & Steam Power
':'-:'Fuel Separations
‘Test Facility
Site & Safety

‘Economics

Engineers in Training | g 3

TOTAL 54

This breakdown does not include conaultants. suhcontractor peuonnel,
or the members of the managcment. technical, and advisory committees;
however, it does include one person who is attending the Oak Ridge School
of Reactor Technology, two people who are working at Argonne National
Laboratory under an Industrial Training and Assistance Agreement, one
person stationed at Brookhaven National Laboratory who is on loan to' the
Babcock & Wilcox Compa,ny to assist in the feasibility study of the Liquid

Metal Fuel Reactor, and one person who is attending the University of
Michigan,
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PROJECT AGREEMENT WITH THE AEC

The agreément between the AEC and the Project. dated April 14,
1954, extends through January 31, 1955, and may be extended by mutual
consent of both parties, A two-month extension of the agreement was -
erunged in Jmutry. 1955, ‘Before. the end of that relatively short
extension, which terminates on ‘March 31, 1955, the Associates plan to
form the non-proﬁt membernhip corporation mentioned above,

TECHNICAL PROGRAM

Except for the facimy to permit te:ting of full-sca.le reactor com~
ponents, there is no intention of starting a. Project research and develop-
‘ment facility. The research and development program for the fast
breeder reactor design has been implemented by plecing contracts with
carefully selected companies, including some of the. Project Company
facilities., These APDA-supported programs are. coordinated by the
engineers in the Working Group who also make design studies and who
follow pertinent research work being done under AEC sponmrehip.

Table I presents the reletiomhipe end acﬁvltiel of the Project uloelatee
and the Project contractors. -~ - S

The main'objectiire of APDA, as stated in the Memorandum of
Understanding, is the development of atomic fuels to compete commera-
‘cially with conventional fuels, To achieve this objective, research
and development is necessary to complete a basic design for a high
periormance nuclear heat power reactor; analyses are required to
determine whether such a reactor can be commerciauy compeutive'

omponents which might be required for such a reactor must be built
and tested, The broad goal set early in 1954 was to be ina po;ition to
undertake a detailed design of a rather high performance fast reactor
by early 1956, This first reactor might not be economic but would be
an important etep in that directiou. with full expectation that later
and improved versions would become competitive eonrces oi power,

In order to provide tome ot ‘the &ata required in several technical
and engineering areas to ‘advance the development of the uquid metal
cooled, fast nentron. breeder reactor under etudy, a progum estimated
to cost sz 600,000 for 1954 was evolved, Of this amount, it was propoeed
that $2,300,000 would be borne by the associated companies, the remain-
ing $300,000 repreuenﬁng work to be done for the Project by the
Commission within the scope of the eateblhhed Commiu!en programs,
Approxlmetely $1,900,000 was spent by the Associates for the 1954
program, the immediate goal of which may be stated as the determination
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of the engineering {euihility and conceptual deeign of a reactor of

the type under study by, reaolving certain major. problemn. euch as the:
,_development of a eetlefectory fuel elemeut, the development of a repid
‘economic system for processing lrredmted fuel and blanket - eub- -

;uembhes, and the. development of a design. eultable for locetton m a
'popnlated area,

The major technical pregrame that were budgeted for 1954 are:

‘1, Experimental and analytlcal research and development
of fuel elemente. including’ fuel materials,

2. Development of a low cost fuel and blanket reprocening
.ayetem. -

3. .Develop_meet‘of»reliable controls for a fast reeet'or‘.

4, Deexgn and development of fuel and blankeét handling
equipment,

=
{ B

5. ,Deuign and development of the reactor proper,

The reeulte of theee ntudxes are reported herein and in Report
DCDE-101. :

During the year. ‘the Commission raised the poseibility of buxldlng
a reactor at an early’ date. In addition to the work. teported here, a
coneiderable portlon of the Working Group's time and, to a lesser
extent. of the Project contractors' time has been spent ina consoli-
detlou of information into a fast breeder reactor-electnc plant
design that is capable of immediate construction. This caused an-
acceleration of the technical program end hae brought the Projeet to
the point where it is in the poaition to efiect a detailed detlgn of a-
rether high-performance reactor at any time. - The deaign that hn
evolved has been deecrxbed in’ another report for. nouexderation by the
Auoelatee. and othera. as a basis for a reactor qonetructlon project.
Neither the nature nor detmle of that report are discueeed here.

1955 BUDGET AND OBJECTIVES

A hudget and work program for ‘1955 was prepared and. approved.
This budget. totalmg $3, 815,000, has been prepared to cover the cost.
of work ona 1ong-renge. high-periormance reactor, as well asto meintain
-the poution of being pre pared to build the best poe sible expe rimental reactor
in the near future, ‘The contemplated program was developed with the
realization that to meet both these. objeetivee. the tempo of the work
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would have to be stepped up considerably over that maintained during

1954. Theactivities planned include the continuation of the Working

Group, the contimution of research and development contracts now in effect,
the initistion of a number of new reueatch and development contucts, and

the beginning of a test tactlity to permit full-scale mock-up and the testing
of reactor components,

A sﬁ.ﬁ;iﬁuy of the 1955 budget fangmz

Controls $ 350,000
Mechanical Handling 350,000
Site and Health Physics 95,000
Liquid Metal and Steam-Power System 195,000
Economics ) 45,000
Reactor - Structural 115,000
Fuel Element 520,000
Materials 330,000
Physics 280,000
Advance Design 130,000
Fuel Processing 400,000
Administration 305.000 .
$3,115,000

Test Facility 700,000
B $3,815,000

The objectives of the 1955 pioghmmay be summarized as
{follows:
‘1. Establish designs for the principal items of mechanical equipment.

2. Make commitments to purchase prototypes of some of the princi.
pal components,

3. Have a component test facility well under way for tuting the
prototypea.

‘4, Establish one or more fuel zlementl c:plhle of at least inter~
mediate performance and adaptable to remote fuhrication.

s, Establish a° promhing. if tenutive. solution of the ptoceuing
prohlem. ‘

6. Arrange the activities of the Wor\dng Group %0 that the necessary

emphuia can be given to an actual experimenttl breeder ructor
vproject at any tima.
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PHYSICS AND NUCLEAR ENGINEERING
MULTIGROUP CALCULATIONS

A series of criticality calculations have been performed to uniat in
the selection of an engineering design ot a fast breeder reactor, Five-

group diffusion theory equations for 9phericnl geometry were used in the
calculations, Results are given in Table II,

The general features of the denigﬁ are:

a. Fissionable and fertile material are in tbe Iarm of an alloy,
either U-Cr or U.Zr, ~ O

b. The coolant is sodium,

c. The structural material is stainless steel, "y
d. The core is approximately cylindrical in shape’ and is
surrounded by a breeding blanket.

¢, Control may be accomplished by varying the nuclear properties
of a ragion:locate‘d_ between the core and the side blanket,

In calculations ] through 4 and 12 through 19, the effect on critical
mass and breeding gain of varying the core size and the volume percen-
tages of uranium alloy and coolant has been invutignted The alloy in
both core and blanket is uranium-chromium. the fuel is U-238,

A plutonium-fueled reactor is con;idgtcd' in'c,alculitio:i 5;

In calculation 6, the plutonium concentration in the blanket has been
aunwed to busld up to. Z% of the a.ilov u:omo. In computing the convcuion

Control aspects’ hnve*b‘ée“néoﬁuidered in‘calculmom 1 "'“B. md"").

One scheme that has been considered for cnntmlling the retctor
{s the motion of 3-reg£on control rods that are focated ummd the core
periphery., The thue regions are a Li-6 poison region, a vold region,
and an iron reflector. region, The poison region is inserted for shut-
down and scram, while the reflector region is ;msitioned camplctalv or
partially adjacent to the core duting normal operation, “The: primuy
function of the void region is to isolate the poison from the high flux
‘region during normal operation so that efficient use of excens neutrons
‘may be nccompiiahed ‘The three uontrol positions considered are the.
poison region full-in, the reﬂecmr region full in, and m intnrmedinte
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reflector position with the \roid region a.ho adjacent tc the core.

The use of betyuium in the reflector’ reginn hu been consldered in”
calculations 10 and 11, A two.region reflector was used in calculation 10,
The inner reflector contained 25% beryllium and the outer reﬁector 25%
uranium, A one.region reflector containing 25% beryllium was used tn
calculation 11, Comparing beryllium and iron (calculations 8 and 11), it
is seen that the use of beryllium résults in a smaller critical mass but
also a substantially smaller breeding gaim Relative to iron, beryllinm
lets fewer neutrons escape to the blanket and also dcgu&u the neutron

spectrum. The latter effect tends to increue a and decruu the rehtive
number of u-asa fiuiosu. - :

In calculations | - 19, unniumschromium alloy hu beem und in
both reﬂector and blanket,

In calculations 20 and 21, a preliminary engineering design has been
considered in which a uranium-girconium alloy was used, A comparison
of the two calculations {llustrates the disadvantag. of having large amounts
of iron in the reflector region: increasing the amount of iron tends to
decrease the breeding ratio by decreasing neutron’ leakage to. the blanket

and by decreasing the number of U.238 fissions in the blanket through
the degradation of the mutron apectrum.

amcmn- KINETIC amavxoa FOR SAF,ETY swmi:_s

An evaluation of the ufcty of a given reactor requires consideration
of the pouihle behavior of the reactor and auocuted equipment under
all conceivable circumstances. Of p;rticular importmcs among these
considerations is the stability of the reactor as provided by rnctivity
decreases caused by thermal expansion of the active lattice, This
expansion opgntu independently of other control and safety devices
to prevent runaway in the event that an accidental increase in rucﬁvity
oceurs, If the reactivity is increased sufficiently to make the rnctor
prompt critical, the neutron density, and hence the ‘power level, wm
increase exponentially and very rapi«lly unless or unm the: ructivity
is reduced by thermal expansion or some other memo.

Analyses we re conducted to dcterminc whether ‘the npid expuuion
of solid fuel nlemems during a prompt critical accident can stabilize
a {ast reactor of the type under study by the Project and to determine
ccrtain chuaete rmics of the reactor during such an. imident.

~ The reactor model analyzed was a right circulu cylinder huviug .
solid luzl alloy in the form of rods continuous over the height of the core.}
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The rods were separated by coolant channels; hence, the assumption was
made that during an accident no accumulative expansion displacements
were propagated radially through the core. Further, the heat generated
during the short times under consideration was assumed to remain in the
fuel rodn. Tbe atabmr.ing mechmiam was, therefore, entircly tha
longlmdinal expansion of the fuel rods, Inertial forces and elastic de-
formations of the rod: were taken into account. Auly-u were madc for
various 1imu mm of 1ntrodaction of axceu ruuctivity.

Tha resultn whow that the -tabilising mochmhm of fuel rod expan-
slon will take the reactor off a fast period in the event of a prompt
critical accident if the reactivity insertion rate is less than $50 per
second. If the total excess reactivity inserted is less than $1,50, the
accident will be controlled by thermasl expansion alone. For higher
rates of insertion, the inertial forces are large, and it appears that the
ability of the mechanism to stop an accident is limnited by inelastic
deformations occurring in the fuel rods,

For amounts of reactivity larger than $1,50 but added at a rate of
less than $50 per second, the power rise {s lnfﬁcienﬂy damped for a
long enough time to conceivably allow a suitable fuse or control device
to opeute before appreciable damage. to the reactor has occurred,

MEETING ON FABT-REACTOR CONTROL AND SAFETY

On Novernber 10 and 11, 1954, a meeting was held at Detroit for
the mutual interchange of information and ideas on tnt-rnctor control
and safety. This meeting was attended by approximately 45 engineers
and scientists who are working on fast reactor technology, with Dr, Hans
A. Bethe of Cornell University presiding. A transcript of the meeting

has been prepared; folluwlng final editing, it will be issued as an APDA
report,

The general teeling oi those Mtanding the meeting seemed to be that
fast reactors can be designed to be safe, predictable, and rndily con-
trolled, 'rm principal fears of accident lie in areas that are common to
all reactors, such as (1) loss of coolant or coolant flow cmuing melt-

“down and (2) start-up accidents resulting from prompt criticality at
power levels so low that period measurement {s in large error,
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MATERIALS

With the nstural growth of the Project, problems associated mth
behavior of materials have bacome more numerous and complex, It
became apparent that a staff ,havlng specialized experience in a wide
range of reactor materials would be necessary in order to provide con.
sultation and assistance and to establish programmatic research.
investigations of materials problems as necessary. Accordingly, a
Materials Section was established in the Working Group,

CORE MATERIALS

Programmatic research to develop core material having acceptable
mechanical, physical, and nuclear properties, including minimum
dimensional growth resulting from neutron exposure, has been underway
for a considerable 'period of time, Programs have been established at
Battelle Memorial Institute and at Sylvania Electric Products Company,
Other programs of interest to APDA have been conducted at the various
AEC National Laboratories; the results of those programs have been made
available to APDA and the work has been followed closely.

Core alloys of proi'nia'e are binary systems of chromium, moly‘bdwcmm.
and zirconium with uranium, Battelle Memoriel Institute has investi-

gated chromium-uranium alloys rather thmoughly. and pertinent data
are given below,

Effect of Allotropic Tranuformgti_om

Thermal cycling tests to determine the effects of allotropic
transformations have been run on alloys of uranium containing 4-1/2,
5, and 8.1/2% wt chromium. The 5% chromium represents the eutectic
compmi_tiax\.v;_nd the others are slight deviations from the eutectic,
The eutectic alloy freeses at a constant temperature as a single phase
of gamma uranium and chromium. Each of these compositions was
cycled 30, 60 and 250 times within the fouowing ranges: between 300F
and 1022F within the alpha phase, between J00F and 1275F through the

alpha-beta transformation region, and between 300F and 1450F from the
alpha through the gamma re gion.

Results of the alpha phase tests indicated that dimensional and
thermal stability were maintained as long as both the eutectic and non-
eutectic materials were not subjected to allotropic transformations,



The 5% chromium eutectic was severelydistorted whentransformed *
repeatedly between the. alpha and beta phases {300 - 1275 F). The surfaces
of the samples wrinkled slightly. during the first 30 cycles; additional
wrinkling took place and the samples showed evidence of :llght bumping
after another 30 cycles; the material was severely distorted, bent and
bumped after a total of 250 cycles, The 4-1/2 and 5.1/2% non-eutectic
compositions apparently enhanced the dimensional and thermal stability
of the alloy as the material was cycled across the alpha-beta transfor-
mation regions; The distortion in the non-eutectic alloys was retarded

and did not begin until after a 60 thermal cyclea. and the over-all
distortion was not as severe,

On thermal cycling {rom the alpha region through the beta phase and
into the gamma phase and back again (300 - 1450 - 300 F), the chromium
alloys showed little distortion or length changes; however, the materials
showed evidences of fine cracks after 60 cycles and.were severely cracked
after 250 cycles, Again, the eutectic 5% chromium material was more
severely cracked than the 4.1/2 and 8.1/2% non-eutectic materials,

The results of these thermal cycling tests indicate that the eutectic
chromium is more susceptible than non-eutectic compoaitions to dis-
tortion as a result of repeated allotropic transformations, As long as no

transformations take place (materials are kept within the alpha region or

below 1220 F for these compositions) the materials are inherently stable
during thermal cycling.

)

efinement

Laboratory experience has suggested that small.grained micro-
structures are desirable {n metallic nuclear fuels, In accordance with
existing. mntallurgicnl ‘observations on metals, an effort was made to
minimize the grain size of cast chromium-uranium specimens by two
methods; nmau ternary alloy additions and heat treatment,

ot thn ¢ight elements used as grain growth inhibitors, molybdenum
and possibly niobium gave the finest grain size, Various heat treatmenu
were explored; chill casting produced a fine. grain size but also produted
undesirable "hairline" cracking becaise of the severity of quenching.
Less drastic heat treating methods showed 3r¢ater promise. For exam.
ple, cooling. the eutectic Allay from the gamma phase to a temperature
in the high alpha phase permits the solid state unotmpic transformation
to oncur isothermally with a minimium of thermal stresses,




Alloys Produced by Powder Metallurgy

An alloy development program, utilizing powder metallurgy techniques
and processes, has been established at Sylvania Electric Products Company.
An inherent advantage of this process is that a fine.grained material is
produced with & minimum of preferred orientation, Theory and limited
experience has indicated that material prepared by this process should be
stable when exposed to neutron radiation. Also, powder-metallurgy-produced
material has shown some improved thermal cycling performance.

This investigation has been largely confined to a 1.2 to 1.4% wt Mo.U
alloy and to a 2% wt Nb-U alloy. Because the niobium did not impart a
sufficient improvement in its alloy characteristics, further study on this
alloy system was curtailed, Experimental data on the molybdenum alloy
inve stigated confirmed improved reuhtwm to grain growth and thermal
cycling distortion; therefore, it is planned to investigate additional alloys
in which the molybdenum contentisincreased to 3-1/2 weight percent,
Since the effect of beta transformations are minimized, this alloy will
also be evaluated for its behavior under irradiation,

EFFECTS OF IRRADIATION

It is recognized that radiay ion.stable fuel, blanket, and control
materisls are requiud before a reactor core can be judged acceptable,
The dlmcmionnl stability oi reactor materfals in nuclear radiation fields
is of prime importance, The effects of excessive fission gas geneution.
effects of fission element build-up and the over-all changes in physical |
and mechanical properties also must be determined,

In view of the unsatisfactory reaults obtained on the first group of
fuel materials irndiuted. reported in' DCDE-101, development effort
has been directed toward producing small.sized, rm&omly-ovicmcd
grain structures. Heat treatments and alloying additions have been
studied as a means of realizing these conditions before additional
radiation damage tests are pnriorqu Promising combinations of

alloys and fabrication procedures have been evaluated and are awaiting
tests under nuclear irradiation,

‘e

f "’4

MECHANICAL PROPERTIES OF STRUCTURAL MATERIALS

Since no reliable data are available on the short.time mechanical
properties of stainless steels in the temperature range 400 F to 700 F,
it is felt that an investigation of the mechanical properties of types 304
and 347 :tuln!cn steels in this range would be of importance. Specimens
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have been prepared at the Babcock & Wilcox Research Center to determing
values of proportional limit, yield strength, and Young's modulus at these

temperatures. Fatigue properties, both mechanical and thermal, are also
under investigation for these materials,

coangsxpﬁ' TESTS

Mass Tfnn;j:art ;‘!‘ei.l.u

gl Teln have been completed on the counterflow, single-tube, tube-
and.shell heat exchanger operated at thc Mine Safety Appliances Company
laboratories at Callery, ‘Penmylvmh .The high heat flux test loop
facility and its4 operation with high velocity sodium and NaK have been
described in the previous progress report (DCDE-101, pages 25.27).
A summary of the test results is given immediately below,

Thirty.Day Test on Zirconiym Tubing - Weight and dimensional
determinations showed no tppreciubﬁe guain or loss of welght or cthange
in wall thickness, Analysis of the sodium and NaK cold trap contents
indicated that the amount of zirconium tube material lost to the liquid
metals during the 30-day test was negligible, A metallic deposit,
found on the outer or NaK surfacas, was analyzed as having a 75% iron

content, The deposit {s believed to hiive been caused by mass transport
due to the ‘coexistance of a temperature differential and & metal (type
36 stainless) having temperature-dependent solubilities in NaK, rather
‘than by any characteristic peculiar.to the sirconium tube,

Metallographic examination of the mifconium tibe showed a hydride.
like structure at the grain boundaries, penetrating to as much as half
the thickneas of the tube from the sodium. contacting side, Examination

under polarized lig‘ht showed that recrystallization had taken place in
all uctiunn af the tube,

T'hi'rt}'anuy Test on Modifie

n » The composition of the

‘Element ’ Perdent by
e ~Weight
Carbon 0029
Chromium 0.90
“Molybdenus 054
+ Maganese 0.26
Iron 98,27 (by difference)
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Weight and dimensional determinations, made on the specimen tube before
and after exposure, showed that, within experimental accuracy, there was
no appreciable change in weight or wall thickness. Cold trap analysis
showed that there was no appreciable increase in iron or chromium content.

A metallic deposit, similar in location, appearance, and composition
to that found on the zirconium specimen tube, gave support to the theory
that the deposit formation was caused by mass transport taking place in
the loop piping. Metals that were soluble in NaK went into solution at
high temperatures (. 1200F found in the furnace coil and in the hot leg
of the loop) and depositied where ever cooling took place.

The flowmeter section was particularly loaded with the mass trans.-
port products, This section was bridged across, in the direction of 'the
magnetic field, with approximately one-third the cross.sectional area
of the 1-inch pipe occupied by the metallic mass. It is believed that the
suspended metallic particles were caught in the magnetic field of the
flowmeter, and the build-up was gradual during the entire life of the loop.

! iShort-period Test on Titanium » Two separate tests on com-
mercially pure titanium were completed,/. The first titanium specimen
tube failed after only a few days exposure in the test loop. A.visual
examination of the damaged area, which was located at the hot end of the
exposed section of the tube, suggested the possibility that the failure
was caused by imperfections in the tube material. Another test on titanium
was conducted to check the results. In this second test, a specimen tube,
which was cnrefuny che‘cked Ior'imperfccuon'a and found to have none,

‘At the conclusion of each test, the sodium and NaK cold traps were
found to contain large amounts of titanium, Metallographic examination
of the first tube showed that the material in the damaged area of the

tube had become embrittled as a result of oxide migration along the
grain boundaries,

It was theorized from the observations, examinations, and analyses
that a combination of corrosion and erosion were, in the most part,
'ore spomlhle for the tube failures. The corrosion took place when the
titanium, which is a good oxygen "gctter". absorbed the minute amounts
" of oxygen from the sodium in the NaK. The oxide on the surface of the
tube afforded a protecttve coating against further corrosion for a larger
portion of the tube; however, at the hot end of the tube,. wherc the NaK
turbulence was great, the titanium oxide was continuously eroded away.
The process continued until the tube ‘wall became so thin that it could
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gre on the inner surface, and the
W g AR Kt ot W@#’?pt, caused by oxide migration along
Subet agiaaed M el samiasitied® e failure. ‘
Bh s s ie ., cond Filted 9

Dampssn Lot vatiam Yearing

, investigate dynamic corrosion
RS eeRl W wie sendarsed $% r2l materials under operating
el Sy GOt o PRELGLE BEreS jeactor power plant.
itk WRLLS GhoRulaty b ayvesd
Center conducted tests in which
Tha Dok b Wikops ﬁ:waﬁf‘”’ng conditions for 1000 howars:
ol s ot Wik s SR b thie Taddd

30 ft/sec

665,000 Btu/(hr )(sq ft)
100,000 Btu/(hr){sq ft)
1,067 F

450 F

Hoak Lhion {had wpwcisies)
{espid specimen)
Hak eobiutn EmRpE | BTN IR
Lt il 5 TR BOPE TR PE
: __ated that the dynamic corrosion
Aowiyein wf e 2084 #‘*_siwiu ind? ron was very minor and almost
Ak Mkke Crabaler o (e Low t’iﬂwﬂﬁct of decarburization.
wivde sev Ralbe wxeapd for tha manpr €
goward the evaluation of various

This pragram 1o being capamd®® iplegs steel. These materials
g T &fﬁim» tow "'isfﬁﬂ vieely snd 4 ’ ﬁromium - 0.15% maximurn

ik T ¢onsgesiton suck as o 172% gximum carbon; 2-1/4% chromium

#.i.‘n@’?w;s}w'g o i4% ceronium « 2.00% r,ﬂdzed type 304 stainless steel. The
» €, 9% shasimvem carbon; amd sans? {iod.q for at least a year,
tevia weuld e sun (ur 1,000 hour P°

Statie Torrasion Testing

e - nawing materials were conducted at
Threr separate tewts on the (00 ,rch Center to determine the cor-

The Babosch & Wilcon Company R#% ) o000 rials to liquid sodium at a
FENLGn TE L ELERE e ol various structd yjne whether the materials are
tennp ratury of 1100 ¥ snd to deter™ ¢f plant:

sstistactary far use in 8 readior po

b, Stssabess steel type 440 C.
:Q “d‘ tt‘y”‘ ’0“ ’20. 3;‘!
3. Nickel alloys, such as A-N

3;8. 347) stainless steels.
i¢ket. L-Nickel and Inconel.
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‘4.,,5*-Zircﬂw N
5. ‘Carbon -mx (sn: mo;. :
6. 'mobeima. {extu low ctrbtm ’imn)

1. Modﬂied Globeiron {extra low cnboa plus -mm aﬂditicm ci Cr
and No)

The basic apparatus used for these tests was a modified enclosed
_rotor, liquid-metal pump, Provision; were made for both rotating and.
stationary specimens, the rotating specimens being attached to the pump
shaft and driven with a velocity of 55 {ps at the’ tips. The ‘tatinntry
lcpccimcns were loctted on the pump casing.

'Ruuln ‘ci thcu tenu are n i'ollow"r

PO ’rhe 300 series stainless steels had very low weight gains as. a result
of the exposure to sodium at 1 100 F, It is felt that this weight gain-
is a function of the amount of oxygen present in the sodium and
could be reduced by furthcr puri(ication of the sodium used,

There is no dctrim:nta.l effect on corrosion resistance of type
304 stainless steel due to welding and/or sensitizing, and the
corrosion rates obtained were even less than those expericnced
with unwelded type 304 stainless steel,

3. All of the carbon steels showed a 1oss in weight during the test, and
this loss in weight was primarily caused by decarburization of the
material. Since the Globeiron specimens contained far less
carbon than the SAE 1010 steel, their weight loss was smaller,

4. The chromium-containing ‘materials showed relatively low
corrosion rates. It appears that these materials may be used for
‘sodium systems {in place of the 300 series stainless steels) in 80
far as their corrosion resistance is concerned. The reaction of
these materials to sodium was found to be similar to that of both
the carbon steels and the 300 series stainless steels: they lost
weight through decarburisation and had a tendency to gain weight
by the formation of chrqmmm oxide.

The nickel-base matcriall do not appear to be as suitable for use
in sodium systems as the other materials tested beca.uu they are
susceptible to preferential depletion of minor constituent:. .

9



b, The limnited duu u%th m:moy.z h not sufficient to draw any

- final conclusions, but it appears that this material was far more

seriously attacked than other geneni!y u:ctpuhle ctrucmra!
materials,

SELF.WELDING IN S50DIUM

The uﬁect of sodium, at wmpnruturu bem:n 500 and 1,000 F,on
the self-welding or fusion characteristics of two metals forced together
is under iuvestigaﬁoa at the Nuclear Power Test Laboratory of the Allis-

Chalmers Manufacturing Cc;mpmy. To chtc. a pilot unit has been und to
test type 347 stainless steel agﬁut itulf '

Test equipment has been constructed to include ten test units. The
pressure loading is accomplished by a double lever arm arrangement
which has an over-all mechanical advantage of 78.5 to 1. The test pro-
gram that is now undcrwuy has been limited to cover the Icllowing
materials, since they are cxpectcd to ‘be used in ﬂw reaetor

1. 'l"nn 347 -nlnl‘elratcel- vs type 3&1 st;iulen steel,

2, Stellite-6 vs Stellite-1.

3. Type 347 stainless steel va Inconel-X.

4 Colmdnoynﬂ or Colmonoy-7 va Stellite-6.

5. Inconel-X (fully hardened) vs Inconel.X.

6. Low carbon iron {(Armco) vs Stellite.b,-

7. Chromium plated type 347 stainless steel vs low carbon iron{Armco).

8. Kennametal-150A carbide vs Carboloy-44A carbide or Carboloy-907
carbide,

9. V2B (precipitttion hardening) stainless steel vs SAESZ!OO bearing
' steel,

10. Ampco-18 aluminum bronse alloy vs Stellite-3 or Stellite-b,

VALVE MATERIAL TEST

A test to determine the effect of prolonged operation in sodium of a
piston-type Johnson valve was performed at the Nuclear Power Test -
Laboratory of the Auiu-cwmera Manufactyring Company. The operation
of the valve involved sliding surfaces of a 4-3/16-inch piston, hard-faced
with Stellite #6, against the base of a type 347 stainless steel valve body.
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wcntion was effected in a closed circuit by pressurizing the underside
of the valve piston and venting the chamber above the piston to atmoap&mn.
-Reveraing the procedure caused the piston to move in the opposite eirection.
‘The piston stroke was approximately 1.13/16 inches. Valve construction was
such that the piston traveled through a 1-inch axial length of a completely
. uurrmmhd cylinder with a 0 .005-inch. clcnun:e. and the remainder traveled

through a vaned area of six equally spaced vanes 5/1& inch wide. The pimm
‘was {ree to rotate while moviug axially,

A summary of valve apautiuue iv given in Table 1. The valve was
‘immersed for 696- 1/2 hours in hot sodium during which time it was
operated smoothly for 219-1/3 hours through 7,243 cycln. The working
-surfaces showed no scratches -- only light scrub marks around the bore;
the mettl was merely discolored by a combination of heat and »odium. A
‘measurement of the valve piston with a micrometer showed that its
‘dimensions were the same as before the test started,

TABLE Wl

Summary of Operations
‘of Johnson Valve in Hot Sodium

Temperature - F W!!o '::i.“! !! Time Cycles at Temperature
500 23:57 1034
250 23131 931
600 19:02 1209
650 14:44 174
700 5217 2088
750 " 2337 406
800 21:18 205
900 8:43 131
1000 32:12 485
- Test Discontinued -
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;rvéi- ELEMENTS

For the ptat uix moaﬂn, the intl atemant dcasp a.nd dcvelopmant
progum ‘has proceeded along the lines indicated in DCDE-101. Designs:
of composite, sodium-bonded elements have been prodnced and analyzed,
and dwelopment work on the fabrication of fuel piecu has been conﬁaued

Progrew has been made in the dsn!opment of im:aguny cut type of
) :lemenu.

A circulu pin-tvpe fuel element delign. patterned after the ANL design
for EBR-1I, has been added to the plate and radiator types. Although the
pin-type alement does not allow a. thermal performance as good as the
other. desigm. itis felt tiut wrk at Commission facilities has indicated
solutions to the prohlems of hbricating satisfactory zlement: of this

type. The re!on. this. dcoiga has been added to the otheu as a back-up'
“effort.

The fuel fabrication development has been aimed at obtaining
techniques for producing fuel pieces with fine grained, randomly oriented
metallographic structures. Heat treatment, as a means of obtaining
these conditions, has been studied with some. succes» for cast U-Cr
eutectic alloy, wrought 2% wt Zr-U, and anoyn of U«Nb and U.Mo,
prepared by powder metallurgy methods,

A new reactor core arr:néé‘mén_t utilizing 121 elements instead of
19 has led to the use of smaller cross sections in each element, In
general, the smaller size eases some of the fabrication problems.

The fuel element. designs have been modtfied slightly since the
last report as follows:

1. The core and axial blanket sections are mounted together in
one. continuous outer structure in a manner similar to the
pin-type element shown in Figure 2,

2. The elements are much smaller in cross section.

3. A square cross section is now being considered for the flat-
plate design.

REACTOR HEAT TRANSFER

Analyses of the thermal performance of the composite elements
have been made., A re-evaluation of hot-channel factors was completed
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“to determine what p@riormance could be assured if a reactor were to be
build immedutely. Larger individual uncertainty factors were used and
applied simuluneously 30 that their effect was the worst pouthle. Some-
what lowzr power output and coohnt exit temperatures resulted,

The design of the various element geometries are being optimized for
good heat transfer. 1t is anticipated that a more detailed analysis of the
applicatwn of hot-channel factors and more nearly optimum de oigm will

permit the . production of an elcment capable of cxcelleut thermal per-
formmce. : :

$

FUEL ELEMENT FABRICATION
Integral Casting with Sodium Bond

“Tubular radiator-type ‘elements have been cast at Nuclear Me‘ull.
Inc. of uranium-chromium. eutectic anoy around oxide coated Globeiron
tubes, These elements were 1.8 inches across the hexagonal flats and
24 inches long. They were cast using an annular end-gate and with the
six corner tubes left out of the mold. In the casting recently poured with
the corner tubes included, 18 inches of the 24-inch-long mold filled.
There is considerable optimism that complete ‘mold filling can be obtained
in the near future by varying casting conditions. A concentrated study is
in progress to determine the effectiveness of tube positioning devices. At

present, about 85% of the ligaments are within the 40.003-inch tolerance.
About 6% are oversize,

Integral Casting with Me’tallurhigic"a'l Bémg

Small sections of radiator-type elements have been cast at Nuclear
Metals, Inc, using 2% wt Zr-U alloy and zirconium tubes. Sufficient
work has been done to indicate the feasibility of this method of fabri.
cation, It appears thst mold filling can be obtained with a wider range of
casting conditions than is possible with U-Cr eutectic alloy casting,

" These materials are being studied primarily in an effort to obtain a

metallurgical bond between tube and- fuel material; a study of this bond
integrity is being made,

Plate-Type Fuel Elements

Development work on the fabrication of fuel plates for the plate-
type elements has continued at five laboratories,

The Ford Motor Company Résgarch»babqutory has been casting
uranium-chromium eutectic allby.-into.graphite coated steel dies with a
cavity of 0,040" x 3.5" x 26", With gravity casting, full-length pene-
tration has been achieved, but the full width has not filled. It is believed
that the application of vibration to the steel die will promote better filling
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by reducing the heat transfer rate between melt and die; therefore,

equipment for vibrating the die is being assembled, Other dic coatings
will aho be tcnted '

The Babcock k lecox Research Laboratory is developing & method
of randomizing the grain orientation and refining the grain size of
mechanically-worked 2% wt Zr-U plates. The device will consist of a
qﬁartz mold open at both ends, surrounded by an induction heating coil
and blanketed by inert gas. The worked plates are passed through the
mold from top to bottom, being remelted by the induction coil and
rapidly cooled in the lower part of the mold. Because of randomxa.mg
the grain orientation by remelting and the formation of fine grain
structure. hy rapid coohng. the emergent plate is expected to have pro-

perties equal to those of the "chill.cast" pins developed by Argonne
National Laboratory

‘Battelle Memorial Institute has cast grooved plates from U.Cr
eutectic using hot graphite molds, molds prepared by the lost wax
technique of investment casting, and metallic molds. Good gravity-
poured castings have been made up to about 6 inches long in the
ihvestment-type molds. Pieces 24 inches long have beén cast in hot
graphite but show a small amount of porosity at the center. Acceptable
detail has been obtained in 12-inch pieces that have be~n made by using
centrifugal casting techniques and metal molds; however, sudden cooling
by the mold produced cra’_cking in the U-Cr eutectic alloy.

Nuclear Metals, Inc. has cast 0,40 x 3.5" x- 27'* uranium-chromium
-eutectic flat plates in hot graphite molds. The grain size was excessively

large, but heat treatment techniques have been found that achieve a re-
duction in the size.

Flat plates of 2% wt Zr-U alloy clad with 0.002" of =irconium
have also been fabricated. The f{uel alloy and its cladding were first
co-extruded in cylindrical form and then rolled to 0.037" x 1.625" x
20" plate. Thermal cycling tests have not damaged the’ "bond between the
fuel and the cladding, and preliminary heat treatment studies give
promise of yielding fine grains, randomly oriented.

Grooved plates, 3-1/2" square, have been preased by Nuclear
Metals from uranium-chromium eutectic flat plates; the range of

teinperatures and pressures required to result in acceptable groove
detail has been determined.

35



#vamb Kiid v 4R 44 m«wmu (;@mw me mﬂm ﬁax NMM M‘ s llzi

: 2 mwmmﬁﬂm M woany wmﬂm; unmn, ‘”f!w malyhimum
ey .mww Bk i wasew Vi ol ylebeswrn Gnkilists grein grawih ot elevated
e & kA ek B EFE% w8 Mo t) inisposition wan chosen because thove
Wop S sa Al Bhoe sampniiton #luminetes the bets phaie in which
PG IR gk e s Wi e, ”

Thie v onlagomest af bechmigues T8¢ casting periorated widevi has been
Soobes Lotk Bursnile Moot iiel Leatitute; the method to thought to be (sasible
Ewa dehdin wbiag Mk Ay ol alesnimt, A sormber of snccenstul wafers have been
e wiig o gvepbiie meld ssinmbly snd sloctropharetically coated steel
grne bk ihe heby varen. Fotures of & tepiesl waler and an sacembly are
whis i we Fug. ¥ snd 4 .

ok Vo ol 4 adting walein ihat 1o being pureurd a8 The Dabock &
. L weigontiy . wiiig tubuier graphite cores and graphite maolda, has

ekt bmestutaging reauits, One of the castings was clad with stain.
fan wteed, Filind mith bonding vodium, and closed by welding, This

b shaed w4 daking 10 Swing srtendad to make fullolength elements,

Ekkedy dovaides htvane have ruled out the uie of walers that are not
ek iyl buede d Tagethe £ Methods of Jolning have been brieflf investi.
grind pad sy prawe be be resronable; however, further effort on waler
ahimmiesi ) iy Woen tenpark¥ily suspended aince olber elements appear
wgpnnily stisweting frum othet atandpoints and 4o not require that the
Tl phocws oo hswled vgribey,

b

Fhe Bakicorh B Wildon Company Research Laboratory is devaloping
e thodn o Palerds nting Bare el pias by the working and remeiting process
wsndivmnd wivike ¢ fuel plate development, 1t in wxpected that the work will
pouginek wn ke witil such linie ss the techaology can be fully applied to
Laberismiouds wl 1ol plates. Al present, wrought (uel pins are being re-
Msw i Ead wnd  Bitied Lo sk unted quaris tubes,

t. ei;imu ix *ihd&‘

Wuciear Metais, 1o, Nas extruded and ewaged 0,125 diameter 2%
wi ol aliny pine wikh 0,007 mirconium cladding. Heat treatment
st e oy Uhat gruvp have shown that these pins can be heat
the gl Lo ubdain 4 sreall grain siee with little orientation, Preliminary
ehodion slon have hewn made in temelting the alloy within the cladding
by bune avditing. This rethod of fabrication appears quite promising,

36

v
fvseEa
.=
e sy



seemae

XX L]

srecun

covesn

37



38

e see
- -

owa .

¢tecoes

sscews
PR .
- .

ccnswe
- >
ases

Figure 4 - Assembly of Cast Wafers




RADIATOR FABRICATION

Modine Manufacturing Company has made preliminary fabrication
studies to determine some of the problems involved in brazing flat-plate
type of radiators, The results have been encouraging. Sample radiator
assemblies are shown in Figure 5. It is planned to fabricate at least one
of the dezigns tc indicate the magnitude of the problem to be ‘overcome and
to obtain a figure for a realistic cost of the structural part of the element,

REMOTE FUEL ELEMENT ASSEMBLY

A fuel element assembly-machine feasibility study has been com-
pleted, and the final report is being prepared by the American Machine
& Foundry Company. Three types of composite elements were studied:
the flat-plate, the grooved-plate, and the wafer. The study shows that

all three types can be remotely assembled with reasonably close clearances
between the fuel and its containing structure.

TESTING PROGRAM

Thermal Conductance Test of Sodium Rend

The Babcock & Wilcox Research Laboratory has designed a test
apparatus for measuring the thermal conductance of thin sodium bond
layers between cladding and fuel materials. The apparatus is nearly
assembled, and results are anticipated early in March. This apparatus
is unique in that it appears possible to measure bond conductances of
100,000 Btu/(hr) (sq ft) (F) with an accuracy of better than +25%.

Continuity of Sodium Bond

Another test being conducted at The Babcock & Wilcox Company
Research Laboratory is one to determine whether sodium will com-
pletely fill small gaps when imprenated at high temperature; this
method is being considered as a means for filling sodium-.bonded fuel
elements, The initial tests will be made with stainless steel rods in
stainless steel tubes, and later tests will use natural uranium rods in
stainless steel tubes, The steel tubes are 32 inches long and 0,165
inches OD with a 0.010 inch wall thickness. Radial clearances of
0.001, 0.002, 0,003, 0.004 inch, and a force fit will be tested, The pre-
sence or absence of sodium in the gap will be determined by peeling

the stainless clad away from the rod, Preliminary results are expected
in February 1955,

Hydraulic Tests

In order to determine pressure drops, flow distribution, hydro-
dynamic forces, etc., in the reactor a series of hydraulic tests
is being planned. Since the friction factors are
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practically constant over the range of Reynolds numbers considered for
both warm water and 700 F sodium, it appears that water tests will pro-
duce realistic results, The test equipment will be sufficiently flexible to
allow separate tests to be run on various components, such as core
elements, blanket elements, hold-down and positioning devices, etc,

Personnel at several hydraulic laboratories will be consulted in order.
to determine the best approach for the tests,

FUEL ELEMENT ECONOMICS STUDIES

An economic evaluation of various procésiea for fuel-element
fabrication has been started. The information being developed for
this study of each fabrication process indudes:

1. Process flow chart.

2. Capital, maintenance, operating and fixed charge costs on:
a, Fabrication equipment.
b, Element assembly equipment,
c. Inspection and test equipment.
d. Remote handling equipment.

e. Auxiliary services equipment.
3. Fuel element structufe cost, delivered to site,
4. Product storage, equipment layout, and building volume.
5. Inventory tie-up and losses of fuel and other materials in process,

It is expected that the results of this evaluation will indicate which

fabrication processes have more eventual promise of low cost fuel-element
manufacture,
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BLANKET DESIGN

A breeder blanket has b%designed that, it is believed, will satisfy
many of the basic reqnirements o?‘any reactor blanket. The design is
acceptable as a neutron reflector and absorber; it can transfer all of the
heat generated within it to flowing coolant without undue obstruction to
this fluid flow or without producing unacceptably high temperature areas;
its ‘structural strength appears great enough to allow it to remain in the
reactor without failure of any of its parts for periods measured in years,
Furthermore, its fertile material is in a form which appears best for
aqueous processing. The final consideration is important at present but
may be less restricting as alternate proceuing techniques are developed,
The significant features of this blanket are tabulated in Table IV,

The flow of coolant in the radial blanket (See Figure 6, page 45 ) is
upward while that in the axial blankets is downward. No hold-down
device is necessary to prevent floating of the radial blanket sub-assemblies
since the small pressure drop across this part of the reactor is suffi-
cient to overcome the force of gravity, Positioning the blanket sub-
assemblies is accomplished by using either long dowel-like pegs at the
bottom of each sub-assembly or by using shorter pegs at the bottom
and an 'egg crate' structure at the top. .

A uniform velocity is obtained throughout the radial blanket since
no attempt is made to distribute coolant. This procedure is acceptable
in the present case because heat generation rates are not large and the

waste of coolant in the radially-outermost regions of the blanket can be
tolerated,

Heat transfer calculations were made assuming that the blanket
programming was the simplest one possible; that is, an element was
placed in one spot in the blanket and allowed to stay there undisturbed
until it had attained its maximum permissable burn.up. Furthermore,
it was assumed in the heat transfer and coolant flow calculations that

the worst possible condition occurred when all sub-assemblies contained
0.2 percent burn-up.
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TABLE IV

BLANKET SPECIFICATIONS

ltem
Type of construction
Diameter of pins, inches
Length of pins, inches
Pin material
Method of fabricating pins
Heat treatment
Cladding thidc_'nesa. inches
Cladding material
General shape of pin groups
Number of pins per sub-assembly

Across flats dimension of sub-assem-
bly, inches

Number of sub-assemblies.
Sub-assembly container thickness, inches
Pitch of pins, inches

Composition
a) Uranium, % by volume
b) Sodium, % by volume
c) Stainless steel, % by volume

Weight of sub-assembly, 1b

Maximum uranium temperature, F
Maximum cladding temperature, F
Maximum temperature rise of coolant, F
Pressure .drop of coolant, psi

Velocity of coolant, ft/sec

Burn-up, % of total atoms

Plutonium build-up. % of total atoms

Radial
Pins .

0.645

85.5

Natural uranium
Alpha r;alling
Beta quench
0.010

Stainless steel

Hexagonal

19

3.99
468
0.0625
0.735

56.8
315
1.7

400
1020
620
70
9.5
13
0.2
0.4

0.010

2.50
121
0.0625
0.915

35.1
50.8
14,1

110

0.2
0.4
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MECHANICAL DESIGN OF REACTOR VESSEL

REACTOR VESSEL

'l‘he Babcock & Wilcox Company and Allis-Chalmers Manuhcmrlng
Company made reactor vessel designs in which the coolant flows in series
‘through the radial blanket and then down through the fuel section. An
evaluation of these designs indicated that several features required
modifications; they have been incorporated into a revised Babcock &
Wilcox drawing and are shown in Figure 6.

“Preliminary work has started on the design of a reactor vessel for:
coolant parallel-up-flow through both fuel and radial blanket sections.

FUEL AND BLANKET.ELEMENT SUPPORT AND HOLDING
STRUCTURE, :

. Several methods of iﬁpporting. holding, positioning, and aligning
fuel and blanket sub-assemblies that have been or are being investi-
gated are:

1. All sub-assemblies clamped: bottom pin supports used.

2. Fuel sub-assemblies clamped; blanket aub-auembliel"
aligned and held at the top; bottom pin nupportl used for
both types of sub-assemblies.

3. Al sub-assemblies supported by a dowel-like structure
with top alignment and holding structure.

4. All sub-assemblies supported by a dowelélike structure
with top alignment and holding structure. In addition,

"egg crate' matrix tubes are positioned between the
sub-assemblies, '

Figure 7 is a photograph of the model of a cluster of seven sub-
assemblies supported and held as stated in method No. 3, The model,
as shown, is to be reconstructed to utilize the latest concepts and
rgcommended design changes, such as utilization of the lower axial

blanket section of the sub-assembly as the supporting member (dowel.
like structure).

DESIGN WORK

The '‘Babcock & Wilcox Company is prog.x'elbing on the design work
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required before detailed application specifications and drawings for the
proposed reactor vessel, reactor structure, and the primary shield tank
can be issued, The scope of this work includes the following ite ms:

1.

10.

11,

Design of the top support for the vessel, thermal shielding,
8upp°rt structure for futl and radlal blaﬂket ‘ub-a.semblie‘
and thermal shielding, and tpermal shielding around reactor
vessel and primary-shieid tank.

Alternate design of head-closure locking device and of secal
between vessel and head clos¥r®.

Evaluation of alternate method® of supporting, holding,
positioning, and aligning fuel Sub-assemblies, :

Redesign of reactor vessel in 8uch a manner as to allow for
visual or x-ray inspection of 4ll parts of the vessel prior
to radioactive operation.

Design of a helium cooled, primary-shield tank, including
supports, that will contain the sodium in the event of a
reactor vessel leak, serve ag 8 primary-shield tank con-
taining the so-called "thermalizing shielding," and act as
a safety zone in the event of 8 huclear incident,

Design of the control element housing to adequately serve
as a control element guide, a8 @ pressure wall, and if
necessary, as a dashpot.

Determination of the design str¢ss limits; perform the
stress analysxs of Crltl(;ai pafts Of the vessel, Thi‘ ana‘y.iﬂ
includes the effects of superimposed forces such as pipe

‘reactions and control element Mechanical shock,

Design of fuel sub-assemtly flow distribution plates.

Design of thermocouple installations, electrical heating
of the vessel, and, if necessafy) an emergency poison
section and melt-down contaip®r-

Preparation of plans for invitation to bid and help in
preparation of specifications,

A specxal study for a coolant parallel. -up-flow design to
include the following: the design and evaluation of a
hold-down plate for core and Other elements, the use

of separate inlets for core and blanket coolant, and the
design of pressure walls between the axial and radial sections,
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SPECIFICATIONS

Preliminary drafts of three -settions.ol the reactor vessel
specification have been written: the scope, design data, and
design stress limits,
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MECHANICAL HANDLING EQUIPMENT

The two arrangements of fuel loading and unloading equipment,’
described in report DCDE-101, have been further studied from the
standpoint of cost and over-all simplification, These concepts, re-
ferred to as the two-plug concept and the single-plug concept, also
were examined to determine the feasibility and problems associated
with each concept as well as their compatibility with other related
components of the fuel element transfer system,

The more detailed studies conducted during the past six months have
terminated in the selection of the single-plug design; cost studies prepared
for both concepts indicate that the single-plug arrangement will be consi~

derably cheaper to build and offers more in the way of simplicity and
reliability,

Basic engineering studies of the remainder of the fuel element
transfer system have reached the point where similar detailed con.
ceptual studies are necessary in order to fix the concept so that
detail designs of components for the rest of the system may be started.

REACTOR COMPARTMENT ARRANQEMENT

Design studies of the components associated with alternate reactor-
compartment arrangements indicated that the single~plug concept was
much simpler for all components except the offset handling crane, Since
the position of each fuel element in the reactor necessitates a different
angular position of the plug and crane, it was thought necessary to pro-
vide mechanical orientation of each element over its position so that the
hexagonal.shaped element would be properly oriented with respect to
the hexagonal void into which it would be placed. This mechanical
orientation was to be accomplished by providing a mechanism which
would pivot the gripper head through an included angle of 60°, However,
analysis of the design of this mechanism revealed that a rotary face-
seal and bearing surfaces, under sodium and in a zone of extremely .
high radiation flux, would be necessary. It is not possible to predict
adequately the effects of this environment, This factor, coupled with
the belief that undue complexity without easy access for inspection and

maintenance constitutes inherent unreliability, led to a search for some
other solution to the problem,

Effort was directed toward devising a means for causing the elements
‘to orient themselves as they enter the hexagonal voids in the reactor. An
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element-self-orientation test rig was ‘designed’ and fabricated to demon-
strate the feasibility of such a procedure. The results of the first design
are sufficieatly encouraging to permit elimination of those mechanical

.complexities in thm(iut crane that made the lingle-plug concept
questionable. '

The oingle.plng arrangement then became the much better choice

from all aspects and has been selected as the denign concept for the
reactor plant, -

Plan and elevation drawings of the element handling mechanism for
a reactor having the series-down-flow coolant pattern are shown in -
Figures 8 and 9, respectively. The handling équipment cansists of a
large rotating plug and an offset crane mounted in the plug. The end.-
bell closure for sealing the reactor during operation is suspended
beneath the movable shield plug and is actuated by drive mechanisms.
mounted above the plug. The plug is, in turn, supported by a top flange
that rests on ball bearings. Motor-driven actuators are provided for
rotating and locating the plug and offset crane.

Adjacent to the reactor handling compartment is a tank filled with
sodium in which fuel and blanket elements will be allowed to decay.
The decay time chosen is such that elements will not melt due to -
residual heat generation when they are removed from the sodium,
Elements will be placed in the decay pit in receptacles after removal
from the transfer rotor. The transfer rotor has spaces for fresh
elements so that the offset crane can insert an irradiated element. ;
and immediately grasp a freshi element for insertion into the reactor.

A liquid-metal loop-type seal and an expandable mechanical seal
are located under the flange of the shield plug to prevent escape of
radioactive vapor and gas from the reactor compartment into the
space above the plug where control actuating mechanisms are located,
The entire space above the plug is covered by a thin shell containing
an inert atmosphere in'order to prevent leakage of air into the sodium
filled compartment below the plug. |

ALTERNATE REACTOR-COMPARTMENT ’ARBANGEMENT

_An alternate coolant flow configuration, parallel-up-flow, was
studied intensively and has been found to possess certain very definite
advantages, The preuure-contuining end-bell closure is replnced by
a simpler fuel element hold.down plate, This arrangement allows a
greatly a,impliﬁed set of drives and actuators, located above the shield
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plug, to actuate the vessel closure and simplifies the problems arising
from sealing against hxgh pressure, high temperature sodium.

The mechanical arrangements for series-down-flow or. parallel.up-
flow through the reactor.require the same 'general procedure during

reactor shut-down, The various steps reqnired during one complete
cycle of fuel and blanket loading and unloading are:

4
1. Lower all control rods to scram position.

2. Unlatch all control rods from actuator rods.
3. Raise all agtuat_ot““rods"to clear tdp of reactor vessel,

4, Reduce sodium flow to balance pressure across reactor-
vessel closure.*

5. Release pressure in stress seal band.*
6. .Unlock vessel closure 1ocking-ring:.‘
7. Raise vessel closure clear of reactor,

8. Position rotating shield plug and offset crane to place gripper
head over proper fuel or blanket element,

9, Lower pick-up arm, grasp element, and withdraw,

10, Rotate plug and crane to position element for exit from reactor
compartment,

11, Place element in empty receptacle in transfer rotor.

12, Revolve transfer rotor to position fresh element under grippar
head,

13, Grasp fresh element and lift into reactor cbmpartment.

14,. Rotate shield plug and offset crane to position over voidin reactor.

15, Lower crane to place element in reactor.

These steps are repeated until the desired reactor unloading or
loading is accomplished. The shield plug and crane are then rotated
‘into the reactor-operating position. the vessel closure is lowoud into

place, the control rods are grasped by the control rod grlpper mechanisms,
‘and the reactor is ready for start-up.

* Series-down-flow arrangement only.
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The transfer rotor conuinn a one-week normal supply of fresh fuel
and blanket elements. After the reactor is again in operatxon. the work
of placing the elements in racks in the decay pit can proceed

‘After the decay period has elapsed the decay-pxt crme deponns
__receptacles at the reactor building exit, from which they are trans-.
‘ported to the shipping area outside the reactor building. Fre sh elements
are brought into the reactor bnilding through this same port, so that
there is one system for both charging and Qischuging fuel.

_The preliminafy work of the past few manths has brought out the
particular sets of problems associated with various transfer system
arrangements; more detailed studies are proceeding to obtain solutions
to these problems, Evaluations will then be possible so that the final
over-all tranafer system concept can be fixed,
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INSTRUMENTATION AND PLANT CONTROL
CONTROL PHYSICS

The reactivity available in 18 three-region control rods has been
calculated; the results are as follows:

o Reactivity -
Regional Change “Up-Flow Reactor  Down-Flow Reactor
Iron to Vacuum - 3.6% - 3.3%
Vacuum to Poison - 13.5% ) - 10.8%
Sodium to Poison - 14.5% - 11.5%

Central Fuel Element 0.5%

' ag.control elementsithat 3 fadirY ‘
containing materials compatable to aSt TCACTOT
“CORLroY Nave been nveatigated to a point where it appears that thcy
are inadequate for reasonable-size elements. The main problem to
solve would be that of moving sufficient material over a distance great
enough to produce adequate reactivity changes,

MECHANICAL DESIGN OF CONTROL ROD

The" control rod, which is shown in Figure 10 is rectangular in
shape and consists of six major components: they are the latch, fast-

neutron poison section, yoid section, reflector section, dashpot ram,
and fluid bearings.

Latch

Two types of latches have been designed; one design consists of
a pair of splines; one spline of which is straight and the other helical.
The splines are i’ns.erted.ixito the adapter attached to the rod by allow-
ing relative angular movement between the two splines, They are
latched by locking the two spline shafts together,

The other design is the finger-gripping-type. On driving down to
latch, the fingers are in open position until the bearing shoulder is
reached, Then, additional down motion snaps the fingers outward to

the load carrying position, where they are locked by a solenoid operated
toggle device,
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The poison secticn conc gta of 150 "calrod".type pim.‘ 'rhese pins
would be made by packing Li0 powder into stainless steel tubu and then
drawing through a die to obtain 90% of theoretical Liy0 demity. A pin '
diameter of 1/4 inch is contemplated to give a heat transfer rate high
enough to keep x..sao in the solid state, Each pin will have a gas space at
its top to contain tritium gas formed and allow for Liy0 expansion, An

alternate poison section design, using boron.10, is in progress asa
back-up effort,

Yold Section

The void section, containing as little .tmctuul material as poniblc‘.
acts as a nuclear void. A pipe running through its center is used to
transport coolant from the poison section to the reflector section,

geﬂecto; Section

The reflector section consists of stainless steel blocks vdth the
coolant flow holes distributed across the blocks' proportional to the
gamma-ray induced heat, as -hovm in Section EE of Figure 10, This is

done to obtain uniform temperature at any given section and thus prcvent
bowing,

Dnh‘po’t’ Ram

The dashpot ram is a bullet-shaped extension to the control element
designed to act as a plunger in the dashpot. 1t has a 6-inch effectivelength,

Fluid Buring_

The control rod is equipped with fluld piston type of bearings at two

axial locations, These bearings will center the control rod in its
channel during normal operation and during its scram fall,

HYDRAULIC CONTROL ROD ACTUATOR TBST

A model of the sodium operated actuator for control rod drivu is
being assembled at Allis-Chalmers Manufacturing Company. The first
tests will use water as the operating medium to check over=all opeution
and to determine leakage rates around the piston, It is then planned to-

operate the actuator with sodium using actual pooitioning dwicu and
equipment as designed for the final nystcm.

‘BELLOWS AND BEALB

4, A test rig has been built by Americm Machine and Foundry Company
for the purpose of testing, in sodium vapor, the apeution of bellows and
seals intended Ior use on control rods and on the handling crane, It also
includu an arungement for tenﬂng phton ring type of unh to determine

L



the leakage rate and operation in sodium. COmbinatiom of seveul

different piston ring materials will be used to detcrmine effectiveness
and compnﬁbility.

SCRAM DYNAMICS SIMULATION

In the latter part of 1954, it became necessary to determine the
coolant flow characteristics through the reactor core during scram con-
ditions, Due to the non-linear nature of the mathematical equations
describing the scram phenomena, the problem was set up and solved on
the Bendix Ayistion Corporation Research Laboratories' Reeves electronic
analog computer (REAC),

The brimo purpose of this simulation was to obtain reactor core
coolant velocities as a function of time and scram time for the control
rods, From these data, the time interval involved in dropping from
full flow to some minimum safe velocity was determined. This time
interval must be known in order to properly design the auxiliary power
supply controls 'that.munt operate within this time interval,.

Design information from which heat transfer during reactor scram
or shutdown may be computed was also obtained, Further insight was

obtained on the reversal of flow in the core due tothe ram effect of the
control rods during a scram,

The transient response during 80 different reactor scram conditions
was obtained on the REAC, The variables plotted against time during
scram were coolant velocity through core, pressure drop across the
core, coolant velocity in piping to the intermediate heat exchanger,
position of control rods, and pump pressure, Runs were made varying
the pressure decay time of the pump, time after pump failure at which
rods were scrammed, and the position from which the rods were dropped,

Figurc n illultutu the configuration of the reactor system
simulated. '!‘lgurn 12 shows two typical scram histories; the solid lines
indicate the transient responses obtained when the rods were dropped
0.25 seconds after the pumps had failed, and the dashed lines indicate
the response obtained from a scram without pump fatlure, In both
cases, the core velocity slows down as the piston effect of the vods is
felt; and in the case where thezpuznpa hil.- the flow dlroction reverses,

TRANS!ENT CONDXTXONS ON ONCE-THROUGH- 'I‘YPE
STEAM GENERA‘I‘OR

‘I‘ento wm be mada on the cnce-through. couuternow. shell.and-tube
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boiler shown in Figure 18, page 70 to determine transient behavior of all
inlet and outlet parameters of the boiler. These tepts will be conducted

during the over-all test of this steam generator, described in the section
entitled ''Steamn Generator Test'' on page 68.

The transient data obtained from this test will allow equationa to be
written that will best describe the boiler opex':ation. These equations will
then be duplicated in a simulator and will permit the establishment of
suitable control methods for the boiler and steam end of the system as
well as contribute to over-all stability studies.

ALTERNATE REACTOR-CONTROL STUDIES

Alternate conceptual designs are being investigated in an effort to
obtain a simpler control system and to obtain the ultimate in safe
operation, Included in these studies is an effort to reduce the size and
weight of the control elements. |
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_ LIQUID METAL AND STEAM-POWER SYSTEMS

A schematic flow diagnm of the liquid met;l md steam-power
systems, revised to reflect current design conaideutiom. is shown
An Figure 13, This design is bueq_qn the following conditions:

‘Reactor 'éoygr._ mw (heat) . -506

Sodium ‘?tbjm;i'erntu:;ﬁ ,
Entering Reactor, F 560 |
Leaving Reactor, F . 810"

Sodium Flow, 1b per hr 13,55 x 106

NaK f'retnpéi-j;'ttjiii-e -
Entering Stelm Generator, Fo 760
Leaving Steam Generator, F 510 .

N,_'t“l( Flow, Ib.per hr 16,7 x 106

LIQUID -.m:.'r’A'L SYSTEM

The intermﬁdiate heat exchmgen ‘are "U" tube, counterﬁow.
‘shell.and-tube units with sodium inﬁﬁ: the tubes and NaK on the
ishell side, A plan view of the heat ex hmger. together with current

data, is shown in Figure 14, Pump requirements have been revised
to reflect current duign comidautiom. and yrelimhury drafts of
pump and valve specifications have been completed Schematic line

diagrams of the auxiliary systems for both the lodium und NnK
ayttems hwc bacn completcd

STE.A'Me- PGWER SYS:TEM '

"l‘he duign of the ateum-puwer aynem n buically the ume as
that outlined in report DCDE.100. Current design data are as tauow*

Stum Conditiom E

Prenure. pnia 600
8 ‘Temperature, ¥ o ::-74';1‘
| Flow, Ibper hr 1,082,000
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Mz&uvﬂin Feedwater mm mtgu §

-GMOmt Mnm. in Hgabs Ly
Turbine - Gemu-mr Unit
Rattng, Kw L 100,000
Type Tandem-compound,
double gmm flow
Spesd, rpm 3,600
cm-nyntwn. in. Hgabs 1
Net Station amm. kw | 88,000

Steam muﬂﬁtm Unita

The steam generators are once-through, countsr -flow, ohell-md-mtu
‘units having a single wall tube to separate the water and NaK. Water and
‘steam are inside the tubes; NaK is on the shell side. An elevation draw.
ing of this wait, together with pertinsnt design data, is shown in Figure 15,

PLANT LAYOUT AND ARRANGEMENT STUDIES -

The parameters for the plant layout studies remain the ume as
stated in report DCDE.101, An elevation duving of the reactor plant
and gensrating plant, revised to reflect current design considerations,

is shown in Figure 16, Alternate plant hyout studies have been made
using diflerent sets of design parameters.

NaK-WATER REACTION TESTS

The design of a test facility to perform a series of NaK-water
reaction tests is in progress. The primary functions of the tests will-
be to obtain pressure and temperature data for quantitive Nak-ﬂzo
reactions caused by a tube failure, to test the emergency safety system,
and to investigate effects of the NaK-water reaction on adjacent tubes
when one tube in a shell.and-tube heat exchanger ruptures,

The basis for the design of this facility is as follows:

1. Small, inexpensive, shell.and.tube heat exchangers with
water inside the tubes and NaK on the shell side will be used,

2. Instruments must have sufficiently fast response time to

provide pressure and temperature-time characteristics
data, '
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mﬂ or uNTS 4
NUMBER PER uNIT N
OUTSIDE DIAMETER, IN. 0.8
MINIMUM  WALL mcxuess.nn. 0.080
PITCH, IN. 0.78
esrscrws Lzmm rr 382

- MATERIAL: smm.l-:as STEEL ~ TYPE 304

'HEAT TRANSFER AREA, SO.FT 4350

— 16" STR. LENGTH ~—eee
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3, Syatem equipment will provide water ata prauun “of 1200 .
- psigandata temperature of 175 F to (00 F: NaK will be sup-

plied over the ‘pressure range of ttmusphe:ic to 50 psig and a -
'tempernture unge of 450-F to 100 F '

4, A meam u!' cuuaing a tube uﬂm ia arder tn produce the . Nnx-
water chemical reaction is required for example, a tube could
be notched to cause ruptnrc ata predctermimd pressure,

STEAM GENERATOR TEST

Since a once-through steam generator unit of the type being consi-
‘dered has never been built, a decision was made to conduct a performance
“test.of a pilot unit of the same huic design. The objectiwu of the test
- were outlincd in report DCDE-»!OO '

The design of the boiier testfacility is in progress, A schemati;
diagram of the boiler test facility is shown in Figure 17. The unit to
_be tested is the same length as that shown in Figure 15;it will, however,
_contain 7 tubes instead of 871, A schematic sketch of the test boiler,
‘together with design data, is shown in Figure 18. Fixed thermocouples
are built into the unit to measure. NaK and tube-metal temperatures. A
movable thermocouple is utilimd to measure water and steam tempera.

tures in the center tube as shown in Figure 19. The boiler will be tested
at the following design conditions:

Steam Pressure, psi 1200
Steam Temperature, F 800
Feedwater Inlet Temperature, F 175
Steam f‘low. b per hr 27170
NaK Inlet Tempe:g_turg. F 900
NaK Outlet ’Tempct;t\ire.' F 450
NaK Flow, 1b per hr. 30,200

In addition to testing the unit at dccign,conditinnl. additional tests
will be run at the following conditions:

Steam Pressure, psi_ ’ 600 400
Feedwater Inlet Temperature, F 420 360
NaK Inl;t Temperature, F 760 666
NaK OQutlet Temperature, F 510 446
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. TuBE OATA
OUTSIOL DIAMETER, N, 08
MMM WALL THICKNESS,IN. 0.080
NUMBER OF ACTIVE TUBES T
C MTCH { BOUILATERALY, IN. 018
EFPECTIVE LENGTH, FT s
DESIGN PRESSURE, PSIA 1300
‘DESION TEMPERATURE , F - 1000

-'—A

. —

/ waren mart Nak OUTLET

Fig. 18— ONCE —~THROUGH —TYPE TEST BOILER



SHELL TEMPERATURE THERMOCOUPLE
LOCATION (2 PER STATION, STATIONS
APPROX. 2 FT. APART ) TOTAL 80)

3" SCH. 40

+ OPEN

1= STEAM CONDITION ~—u
THERMOCOUPLE
(MOBILE )

7 1/2"0.0. TUBES

NAK PROFILE THERMOCOUPLE

| LOCATIONS (6 PER STATION ,
TUBE THERNMOCOUPLE STATIONS AT {/4-POINTS OF
LOCATIONS ( 2 PER TUBE TUBE LENGTH)( TOTAL 24)
PER STATION , BTATIONS

. AT 1/4-PONTS OF TUBE
LENGTH ) ( TOTAL B86)

SCALE! FULL SCALE

Fig.19 — CROSS SECTION OF TEST BOLER
SHOWING THERMOCOUPLE LOCATIONS
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FUEL REPROCESSING

The major effort on fuel and blanket reprocessing has been an
analysis of studies made to determine the relative merits of on-site
and off-site reprocessing. For the on-site reprocessing studies, a
longer range program, The University of Michigan Engineering
Research Institute compared the cost of an aqueous reprocessing
scheme (see Report DCDE-101, p, 53) with fluoride volatilization
and pyrometallurgical reprocessing. Based on this comparison and
on an extensive theoretical study in which ANL data was used, an
-evaluation of processing methods has been made that verifies earlier
indications that a simple, pyrometallurgical (melting-slagging)
‘operation offers the optimum condition for economic operation of a
{ast power-breeder reactor; such a plant must, of course, be backed
up by an off.site, aqueous plant for ""'scrap' recovery.

A preliminary study and cost estimate was made for a complete

off-site, aqueous reprocessing system since this mode of repro-

cessing may be used during initial operation of the. APDA fast
breeder reactor,

ON SITE REPROCESSING

Fluoride Volatility Process

The University of Michigan ’Eéthylg'téa a technical and economic
evaluation of the Fluoride Volatility Process as applied to the treat-
ment of APDA fuel, The basic process essentially is the same as that

which is in the pilot plant stage of development at Argonne National
Laboratory, '

Briefly, the process consists of dissolving declad elements in

' BrFj3 to form volatile UFg, TeFp, and IF5 and non-volatile PuF3 and
fluorides of the remaining fission products; the non-volatile materials
stay in the dissolver. The UF( product is separated from the other
volatile components by fractional distillation and is reduced to metal
by conventional methods. This basic process does not provide for the
separation of Pu from fission products since it was assumed that this
separation could be performed, as follows, in an aqueous solvent
extraction plant: remove by volatilization most of the residual BrF3
from the Pu and fission products in the dissolver; add aluminum nitrate
as a complexing agent; send the resulting mixture to a Purex-type

extraction plant where product Pu(NO3)3, free of fission products, is
obtained.
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The University of Michigan estimated that a capital investment of
$8,000,000 would be required for a fluoride volatility plant capable of
processing 75,000 pounds per year of enriched fuel and blanket
materials in separate processing lines. The estimated annual operating
cost of such a plant, including amortization at 10 per cent a year, is
$2,650,000, - a

Pyrometallurgical Processes

The University of Michigan completed a technical and economic
evaluation of two pyrometallurgical (PM) schemes for the processing of
APDA fuels, The first process, called "Pyro-Extraction Process,"
assumed a continuous extraction of uranium fuel with a molten flux
composed of magnesium and magnesium chloride, After extraction, the
molten uranium would be cast into ingots and sent to a fuel.element
fabrication plant. The flux would be continuously purified by distillation
and the slag, which contains the Pu and fission producfs. cast into
crucibles for shipment for off-site, aqueous reprocessing. The blanket
elements also would be processed in off-site, aqueous facilities,

The second process, called "Pyrometallurgical Process with .
Aqueous Leg," assumed the same PM plant described above for pro-
cessing fuel elements to which a conventional aqueous solvent extraction
plant is added for processing blanket elements and PM slags,

The University of Michigan estimated the capital cost of a PM
plant to be about $2,000,000; the estimated cost of the PM plant with
aqueous leg is approximately $5,000,000, The predicted annual operating
costs, including amortization, are about $420,000 for the PM plant and
$1,340,000 for the combined PM-aqueous plant. The amortization
period assumed was 9 years for both plants.

It is believed that the University's estimates are somewhat opti-
mistic, however, these estimates confirm the APDA Working Group's
conclusion that an on-site, pyrometallurgical process is the most
economical approach to the reprocessing required in connection with
the operation of a fast breeder reactor.

APDA PROCESS-STUDIES

Coupled with the University of Michigan results, the process studies
made by APDA have confirmed the fact that the most suitable reproces-
sing scheme for the contemplated reactor is a simple, on-site melting and
slagging operation that is backed up by an off-site, aqueous, "scrap"

recovery system even though this method requires "hot" fuel element
refabrication,
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In evaluating the process, a study was made of the build-up of
contaminants in recycled APDA fuel; the calculated values, which
are based on preuminary experimental data that indicate 5%. of the
‘uranium metal would be removed each cycle as slag, are shown in
Figure 20, In order to limit the contaminant build-up, particularly
‘Mo, Ru, and Pu, to about 6%, an additional 5% bleed-off of bulk metal
was taken after the twentieth cycle., For this chart, the fuel is

assumed to be only uranium; the addition of alloy conntituents would,
of course, moduy the curves to some extent.

OFF-SITE _paoc.zzssm_c

Depending on the reactor construction schedule and the rate of
development of a usuable PM process, the possibility exists that initial
fuel reprocessing will have to be done in an off-site, aqueous plant.
For this reason, the feasibility of reprocessing the core of an APDA-
dcsigned reactor in the Chemical Processing Plant at The National
Reactor Testing Station has been investigated with the Idaho Operations
Office and the Phillips Petroleum Company; it was ascertained that
some minor changes and two major additions to the plant would be re-
quired in order to utilize the CPP facility for this purpose. A new
dissolver section would be needed due to fuel composition, capacity,
and criticality considerations. The other major addition would be a
complete plutonium extraction, purification, and shipping section, The
addition of these facilities to the existing plant appears technically
feasible; and their cost, which is approximately 5% of the total plant
cost, is not excessive, No insurmountable problems are expected with

the chemistry of the process, but certain research will be required to
pinpoint process conditions.

The total cost for this mode of reprocessing, which includes
shipping, amortization, and inventory charges in addition to the direct
charge for reprocessing, appears prohibitive for anything but an
interim arrangement. On an interim basis, that is, during initial
plant operation, the utilization of these facilities may be necessary.

Conceptual designs have been prepared for the transfer and
shipping facility, to be located adjacent to the reactor building, that
will handle partial dissassembly, shipping, and receiving of core and
blanket elements. The design of this facility includes provisions for:

Inspection - Checking elements for dimﬁnaion‘a’l stability
after irradiation.
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Disassembly - Separating core and blanket elements
' ~ prior to shipment to their their respective R
ﬁprocgaging sites,
Pot Loading -  Loading and capping the transfer pot that
would be placed in the shipping cask,

Shipping - A shielded railroad area with shipping-cask
handling equipment. ‘

The facility was designed to be operated and maintained completely by
remote means. Since this work area must have an inert gas atmosphere,
all transfers to and from the area are made through air locks. The design
is such that this facility could be expanded to include a decanning operation
and/or a complete reprocessing plant if deemed desirable.
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rpLL-SCALE TEST FACILITY

A decision was made in July 1954 to construct a test facility that
will be a full-scale prototype of the final design and layout of the reactor
and one sodium loop. This non-radioactive unit is considered necessary
for testing final components and coordinated assemblies as well as for
training personnel for the reactor plant,

Space at the Delray Station of The Detroit Edison Company has been
approved as the site for this facility., The equipment will be installed in
a portion of Warehouse No. 6 that was formerly occupied by No. 10
Turbine-Generator Unit; clearing of this space is in progress.

Tentative layouts of the equipment have been made, and design of
the NaK control system is under way. Service facilities are being pro-
vided. Operation of this test facility is scheduled to "bealn approximately
one year after the design of the reactor plant is frozen. Based on the

present schedule, the facility should be in operation in the summer of
1956, '

DESCRIPTION

- The full-scale test facility will consist of the reactor pressure
vessel, one 14-inch diameter sodium loop, and auxiliary equipment as
shown in Figure 21. Since only one of the four sodium loops of the
reactor plant will be used in this facility, the reactor vessel will have
three-fourths of its internal volume and flow area blanked.off with
dummy fillers; the active quarter will contain simulated fuel elements,
control rods, and blanket elements, The mechanical handling plug,
installed over the reactor vessel, will be equipped with several control
rod actuators and the remote operated fuel element handling device.
The single sodium loop will be equipped with an 8600 gpm prototype .
pump as well as appropriate valves, surge tank, sodium storage and
gas sealing systems, The intermediate heat exchanger will function
only as a temperature controller and will, therefore, be only a small coil
transferring heat between the sodium and the control NaK loop.

Essentially, the facility will be operated as an isothermal test loop,
deriving the major part of its heat input from pump energy. The NaK
control loop will be capable of removing excess hest to maintain tem-
perature levels of 450 F to 1000 F; it will add heat to the sodium loop
during start-up and low flow rate operation since, at those times, the
pumping energy would be insufficient to heat sodium to the desired
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temperature, It also will be de:irab)e to test under conditions of transient
temperature. chmges anticipated for the reactor piant. Either the sodium
surge tank or an auxiliary shock: supply tank will be used to introduce the
desired shock temperatures into the sodium system for about a 30.second
duration. .

The preunt plln for fire protection for this relatively large sodium
ayutem is to put a containment tank and piping outside the insulation of
the main reu:tor venel and the l4-inch sodium piping. Under normal
upeﬂtinn. air will be circulated through the resulting ‘annulus; in the event
of a sodium leak and fire. the ventnltting air would be ahut off and an
inert gas introduced to snuif out the fire. 5

-‘FUNCTIOX(S

In addition to training peraonnel in a:"cold" facility on eqnipment
‘that duplicates major components of the reactor: plant. it is expected -
,that the . mock-up will be used to test and evaluate the iollowing ;tems-

1, Sodium system performance including syatem preuure drops,
temperature distribution, flexibility, filling and. duining pro«
- cedures, sodium inertia, and sodium impurity control,.

2. ‘Reactor control eystem performance mcludmg scram nme and
resulting vessel stresses,

3. Mechanical handhng system performance including the effect
of distortion on indexing.

4. Sho:k-temoeratur'e“efiects ‘oh‘ a;ll’ eo‘fr‘:gor{eijt?.
5. ‘Diﬁunon-bondmg of fuel elements.v

6. Over-all coordinated flmctiamng of the mechamoal handling
system, control system, and other reactor components.

‘7. Miscellaneous te‘sts that appear desnrable_”from time to time,

camsan
-
ammmma

b .oz



SITE AND SAFETY STUDIES

SITE AND PLANT LAYOUT

A tentative site on which to place a reactor power plant was chosen

and various layouts of the arrangement of structures on the site were
made,

The plant site, a filled plot of approxitnately 20 acres, is located
in a swampy area on the northwest shore of Lake Erie, The swamp or
marsh is not land-locked but is protected from the lake by sand bars
and small islands. It drains into the lake via large shallow bodies of
water, A causeway would be built to provide access by road and rail and
to serve as a right-of-way for the transmission line, Condenser cooling
water would come from a dug canal extending into deep water in the lake
and would be discharged into the swamp.

The nearest center of population is three and one-half miles away,
In order to have adequate exclusion area for protection and public
safety, about 1,200 acres of swamp should be controlled. This would
prohibit anyone from living within threv-fourths oI a mile of the reactor,

HEALTH PHYSICS

The first phase of the program to design and develop satisfactory
health-physics instrumentation, a survey and evaluation of present
commercial instruments, ic near completion, Until the results are
known, it is impossible to determine future work required, although
it appears that certain weaknesses occur in existing designs, parti.
cularly for fast neutron and air monitoring instruments,
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