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INDEXED ABSTRACTS OF SELECTED REFERENCES
- ON MOLTEN-SALT REACTOR TECHNOLOGY

D. W, Cardwell and P. N. Haubenreich

ABSTRACT

Abstracts are given for 321 reports and articles which
provide an introduction to MSR technology and describe major
developments since 1960. Three indexes are provided: by key-
word, by author, and by subject category.
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INTRODUCTION

This document contains abstracts of 321 selected reports and papers
which collectively provide a good, basic introduction to molten-salt re-
actor technology and describe major developments in the field since the
initiation of the MSRE in 1960. As an aid in locating specific information,
three indexes are provided: by keyword, by author, and by subject category.

The abstracts and indexes, prepared and printed by a computer, were
taken from the file of the Molten-Salt Reactor Information System (MSRIS).
This is a growing file in the IBM-360 computer at ORNL, which can be
searched in various ways from remote terminals. A report is now being pre-

pared to describe MSRIS and how to use it.

LIST OF ABSTRACTS

In the pages which follow, abstracts are listed in the alphabetical
order of their primary subject categories. Each appears only once, even
though its subject may extend into several other categories. Therefore to
find all abstracts having information on a particular subject, it is neces-
sary to use the category index.

Each entry in this list consists of the abstract itself plus certain
other information about the reference., The first line is an identification
number, assigned when the reference was added to the MSRIS file. The three
letters in this number identify the gfimari subject category. If the ma-
terial in the document extends significantly iﬁto another category, this is
shown in the last line of the entry. Authors, title, and originating or-
ganization are listed on separate lines, then the document identification,
date of publication and numbers of pages, figures, and references are given.
Following the abstract is a list of keywqrds, with the most significant

marked by asterisks.
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Cateqgory A
Molten-Salt Reactcr Prograss

AAX67C003
Briggs EB
SUMMARY OF THE OBJECTIVES, THE DESIGN, AND A ERCGHEAY GCF DEV ELOPMENT
OF FOLTEN-SALT EREELCER RFACIORS ) .
Oak Ridge Naticnal Laboratory, Tenn.,
ORNL~TM-1851 (June 1967), 84 f, 20 fiqg, 13 ref.
Molten-salt thermal bkreeder reactors are characterized by
low specific inventcry, moderate breeding gain with low fuel
cycle cost, and high efficiency fcr ccnverting heat irsto
electricity. Studies indicate they should be akle to
produce electricity in 1000-Mw {e) staticns at a ccst that is
as lcw or lower than prcjected for advanced converter
reactors or fast breeder power stations. The fuel
utilization characteristics compare ftavorably with thcse of
fast breeders. The present status of tte breeder technclcqy
is being dercnstrated in successtul operation of the MSRE.
A two-region Molten-Salt Breeder Experimnent tc demonstrate
all the basic technclogy for full-scale breeders is proposed
as the next step in the development. Design and
coenstruction of the MSBE would be accompanied by a program
of fuels, materials, fuel reprocessing, and ergineerirg
development. Develcpment, construction, and startup of the
breeder reactor is estimated to take abcut eight years and
to ccst about $125 million.
*development + *MSRP + *plans + *reviews + fuel cycle ccsts + MSBE +
MSBR + natural resources + performance + power costs + technology
g
AAX6TO004
Carter WL + Whatley HE
FUEL AND ELANKET EROCESSING CEVELOPMENT FOR MOLTEN SAL1
BREEDER REACTORS
Cak Ridge National Laboratory, Tenn,
ORNL-TH~- 1652 (June 1967) 52 p, 10 fig, 13 ref.
This document descrikes the fuel and klanket frccesses for
the MSBR, giving the current status of the technology and
outlining the needed development. It is ccncluded that the
principal needs are to develop the vacuum distillation and
protactinium removal operations, which tave beer
demcnstrated in the labcratory but not on an engineering
scale, A program to develop continucus fluoride volatility,
liquid-rhase reduction-reconstitution, improved xeaon
control, and special instrumentation shculd alsc be a major
~developmental effort. ' An estimate of manpower and cost for
developing MSBE fuel and fertile frocesses indicates that
it will require 288 manyears of effort over a 6-year period
at a total cost of about $18,000,C00.
*Jevelopment + *¥MSBR + *fprocessing + blanket + costs +
distillation + fuels + protactinium
AAX67C00S
Grimes WE :
CHEMICAL RESEARCH AND DEVELOPPENT FCR FCLTEN-SALT EFEELER

Accession Numker AAX670003 to AAX670C(CS
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Category A
Molten-Salt Reactor Progrags

AAX67C005 *Ccntinueds*
REACTCRS

Oak Ridge National Laboratory, Tenn.

CRNL-TM-1853 (June 1967), 140 p, 26 fig, 69 tet.
Results cf chemical research and development for molten
salt reactors are summarized. These results indicate that
LiF-BeF2-UF4 mixtures are feasible fuels for thermal
breeder reactors. Such mixtures show satisfactcry thase
behavior, they are compatible with Hastelloy N and
moderator graphite, and they appear tc resist radiaticn and

" tolerate fissicn prcduct accumulation. Mixtures of

LiF-PeF2-ThFYy similarly appear suitakle as blankets fcr
such machines, Several possible secondary coolant mixtures
are available; NaF-NaPBF4 systems seem, at fprecsent, to be
the most likely possibility., Gaps in the technology are
presented along with the accomplishments, and ar attenpt
is made to define the information (and the research and
development program) needed ktefore an MEBR car be operated
witk confidence.

*chemistry + *development + ¥MSRKP + *research ¢+ *rev1ew< +

compatibility ¢+ fissicn froducts + fluorides +

fluoroborates + molten salts +¢ pldns + two-fluid reactcr

OTHER CATEGORIES: CIXX

AAX670006

FcCoy HE + Weir JR

MATERIALS DEVELOEMENT FOR MOLTEN-SALT BREEDER REACTIORS

Cak Ridge Naticnal Labcratory, Tenn.

ORNL-TM-1854 (June 1967), 88 p, 28 fiy, 62 ref.
The materials develcpment program is described for a
two-region MSER with a uranium-tearing flucride fuel
salt, a thoriur-bearing fluoride blanket salt, and a
lower melting fluoride coolant salt., Tke primary strectural
materials are graphite and modified Hastelloy N. 1Individual
fuel cells will be graphite tutes, whict must withstand
10(23rd) neutrcns/sg-cm and have very lovw permeatility
to gases and mclten salts. Available graphites and
their properties are descrited in detail. A frcgran
for cbtaining and evaluating improved graphites is
proposed. A program is descrited in detail fcr develcping
modified Hastelloy N, vhich will be used in all rparts
of the system except the core. Brazing allcys and
a reasonable jcint design have been developed for a
joint between the graphite tukes and the mcdified
Hastelloy N.. Needed inspection techniques are ccnsidered.
(This report is one of a set of 9 on development prograas
required for an MSER.)

modified Hastelloy N + graphite + *development + *materials +

inspection + *MSPR + Lrazing + compatiltility +

rechanical prorerties + ccsts + reviews + *§SEP + *rlans

CTHER CATEGCERIES: ELCX + ICX

AAX67C007

Accession Numbter AAX670005 tc AAX670007
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Category A
Molten-Salt Reactecr Progrars

AAX67C007 *Ccntinued#*

Scott D + Grindell AG

COMPONENTS AND SYSTEMS DEVELGEMENT FCR MOLTEN SALT EREELER
REACTCRS

Oak Ridge Naticnal Laboratory, Tenn. : ‘

CRNL-TM-1855 (June 1967), S6.-p, 5 fiq, £ tak, 19 ref.

- Studied thermal Molten-Salt Breeder Feactors to identify
important design and development proklers. The fpurpose was
to organize these rroblems into a program which would
produce components for use in, a Molten-Salt Breeder
Experiment, The reference-design concept is a two-reqgion
two~-fluid system with the fuel salt separated frcm the
blanket salt by grarhite tubes. The energy produced in the
reactor fluid is transferred to a seccndary ccclant-salt
circuit, which couples the reactor to a supercritical
steam cycle., The specific development fprobless tc be
studied include the reactcr core and heat exchanger
hydraulics, pumps for the three salt systems, heat transfer
in the heat exchangers and boiler-superheater, mechanical
valves for salt-flow control, ccntrcl rcd and drive,
pressure relief in coolant system, cell insulation and
heaters, and the cover-gas.

*compcnents + *develcpment + *MSBR + %MKSRF + ¥plans +
*reviews + control-rod drives + control rcds + ccres +
heaters + heat exchangers + hydraulics +

pumps + steam systems + two-fluid reactor + valves +
thermal insulaticn

CTHER CATEGCEIES: HXX

AAX67C008

Tallackson JR + Moore RL + Litto SJ

INSTRUMENTATIION AND CONTRCLS DEVELCEMENT FCER ?GLTEN-SPLT

BREEDER EFEACTCRS

Oak Ridge Naticpal Laboratory, Tenn,.

CRNL-TM-1856 (May 1967), 36 p, Z ref. :
Instrumentation used in. the MSRE is a good basis for
development of the instrumentation for large sclten-salt
breeder reactors. The development would invclve primarily
the testing and improvement of existing instrument
components and systems., New cr much improved devices are
required fcr measuring flows and gressures of molten salts
in the fuel and blanket circulating systems. Nc frcblems
are foreceen that should delay the design or construction
of a breeder reactor experiment. An estimate cf costs of
develorping MSR instruments is given,

*development + *instrumentation + ¥MSBR + *gsystens ¢+

components + ccntrol + flcw measurement ¢« FESRE + MSEP +

plans + measurement + radiation measurerment + .

temperature measurement + weigh cell

OTHER CATEGCFIES: JXX

ARX67C0089

Accession Number AARX67C007 to AAX67CCCS
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Category A
Molten-Salt Reactcr Progrags

AAX67C009 *Ccntinued*

Ferry AN

PHYSICS PROGRAM FOR MOLTEN-SALT BREEDEF REACT(RS

Cak EKidge National Laboratory, Tenn.

ORNL-TM=-1€57 {(June 1967) 40 p, 8 fig, 11 ref.
The sources of possilble error in estimates cof breeding
performance of a Mclten-Salt Breeder Feactor are discussed.
Uncertainties in cross sections may ccntribute ar
uncertainty of about plus or minus 0.026 in breeding ratio.
Other sources of error may arise from assunpticrs regarding
“behavior of fissiocn products, or trom inadequacies in
methods of computatiomn., A reactor physics develcgiment
program is cutlined which should provide a sound tasis for
design of a reactor experiment. The prcgrarm includes
thecrétical investigation of system dynamic characteristics,
evaluation of alternate core designs, develocprent of
computational methods, cross-section evaluation, development
of computer codes and experimental physics. Prcgrarm
manpcwer requirements and costs are estimated. (This report
is one of a set of nine on development frograss reguired for
an MSBR.)

MSBR + #*breeding performance + *nuclear analysis ¢

*cross sections + conputer codes + rare earths +

fission products + *MSRP + dynamic characteristics +

neutron yield + costs + *fplans + stability ¢+ #*design data +

calculations + methods :

OTHER CATEGORIES: BXX

ABX670010

Kasten PR

SAFETY PRCGEAM FOF MOLTEN-SALT BREECER REACTORS

Oak Ridge Naticnal lLaboratory, Tenn.

ORNL-T¥-1858 (June 1967) 42 p, 6 fig, 3 ref,
Investigaticns required in determining the safety
characteristics of MSBR power plants are outlined,
and the safety features of the major. plant systeas
are described. Reactivity additicns which need detailed
study include those asscciated vwith net fuel addition
to the core region, graphite lkehavior, changes it ,
fluid flow conditicns, and control rod movement. ‘Reactivity
coefficients which reguire evaluation include thcse
asscciated with temperature, voids, pressure, fuel
concentration, and graphite concentraticn., The integrity
of rlant containment under reactivity incident conditions
and, also under circumstances where reactivity itself
is nct invclved, needs to be evaluated. Stability
analysis of the reactor plant is required. Pkysical
behavior of materials and of equipment under ¥SEF
conditions, as they relate to reactor safety, need
toc te deterrmined exterimentally. To delineate and
resolve the basic safety prollems associated xith
MSBR systems, about $1.3 million is required over

Accession Numker AAX67C00¢ to AAX670010

)

*)



-

N

3]

Page

Category A
Molten-Salt Reacter Prograums.

AAX67C010 *Ccntinued*
a period of about elqht years, with most of the effcrt
{$0.9 millicn) cccurring during the first four years. .
(This report is one of a set of nine cn develcprent
programs required fcr an MSBR.)

*MSRP + *safety + *analysis + *plans *+ reactivity + MSEER +

accidents + ccsts + containment + stakbtility +

dynamic characteristics + off-gas =y=tems + ptoce951ng

CTHER CATEGCFIES: EGX

AAX6T7CO11

Blumberg &

MAINTENANCE DEVELOPMENT FCR MCLTEN-SALT BRLEDER BEACTCERS

Cak Ridge National Laboratory, Tenn.

ORNL~-TM- 1659 (June 1967), 18 g, 1 fig, 6 ref.
The maintenance system of the proposed solten-salt breeder
reactcrs will be based upon the technology in use and
experience gained from the Molten-Salt Reactcr Experiment.
The unit replacement scheme, long-handled tools, movatle

maintenance shields, and the means for tandlirg ccntarminated:

equiprent will be similar for many operations. The
techniques must be improved and extendec¢ and rew techrigues
must ke developed fcr maintaining some of the larger, more
radioactive components of the treeder reactcrs, Remote
velding is needed fcr major component replacement, Methods
must be available for replacing the ccre ard fcr the rerair
of heat exchanger. Finally, a general development and
design surveillance program will le required. These
prograps are described and their cost is estimated. {This
report is one of a set of 9 on develcpment fprcgramss required
for an MSBR.)

*naintenance + *MSBR + *plans + develogment + MSRE +

remote welding ;

OTHER CATEGCRIES: KEE

ABXS80001

MacPherson HG

MOLTEN-SALT REACTORS :

Cak Ridge Xational Laboratory, Tenn,

Part II of Fluid-Fuel Reactor Addison- Weoley (1958),

PP 563-697.

The early hxstcry and 1958 developnent status of molten-
salt reactors is covered in 7 chagters cf this bcck,
pregpared for the second Geneva Conference. Chapter tOple
include chemistry, materials, nuclear aspects, keat-
transfer equipsent, the Aircraft Feactor Experlment, and
a conceptual design of a power reactor. The ccncept
presented has a core and blanket, with ro moderator other
than the LiF-BeF2 carrier salt,

¥ARL + *develcpment + ¥MSRP + *reviews + *technoloqy +

chemistry + corrosion + Eastelloy N + inconels +

Accessicn Number AAX670010 to AEXSEOQC(H

4
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Category A
Mclten-Salt Reacter Programs

ABX5800C1 *Ccntinued*
molten salts

ABX64C004

Briggs BB

MOLTEN-SALT PO%ER REACTORS AND THE BKCLE OF THE MS3EKF 1IN THEIF

DEVELCEMENT (FART OF MSRP SEMIANN PROG REPT 7/31,€4)

Oak Ridge Naticmal Laboratory, Tenn.

ORNL-3708 (Nov. 1964), pp 3-21, 7 fiq, & ref,
ORNL studies show the mclten-~salt reactor to te the most
promising thermal-neutron thorium-0U233 treeder ccncept. In
this paper, a compact 500-MWe two-fluid breeder with
graphite tubes separating fuel and fertile salts is
described and its processing and economics are discussed.
The MSKE was authorized in 1960 tc investigate chemistry,
materials, engineering and operation of the KSF concept.
Success with the MSRE should lead to ccrstructicn of a
ccnverter reactcr that could be modified to beccme a
breeder. ,

*MSRP 4+ *two-fluid reactcr + brceding performance +

design + development + economics + MSBR + MSRE ¢+ plans +

reviews

ABX670049
MacPherson HG
MOLTEN-SAIT REACTCR SHOWS MOST PROMISE 70O CON‘ERVE NOCLEAR
FUELS
Cak Ridge Mational Laboratory, Tenne.
Power Engineering 71, 1 and 2 (Jan and Feb 1967), 7 p,
6 fig, 6 ref.
The MSBR promlces tc combxne simplified fuel recycle and
stable fuel in a high-perforrance thermal treeder having
lov powver costs. The fresent concept of an MSEF has tuel
and fertile salts separated Ly graphite in a 14-f¢t
reactcr vessel. MSRE expericence has shown molten salt
reactors to be practical, A S0-MWe two-fluid breeder is
suggested as the next step.
*breeding performance + *economics + *MSBR +
*natural resources + ccnceptual design + experience + MSRE +
plans + reviews

ABX68003¢

MacPherson HG

MOLTEN-SALT REACTORS

Cak Ridge National Laboratory, Tenn.

Proc. Intl. Ccnf. on Ccnstructive Uses of Atomic Energy,

Wwashington, Nov., 1968, pp. 111-121, 7 tig, &4 ref. :

Experimerts on feasibility of molten salts as reactor fuels
started in 1947 in the aircraft reactor prcqgrar. The
coencept now features rolten fluoride salt containing UF4
and ThF4 circulated through a graphite ccre. Advantages

Accessicn Number ABXSE0C0C1 to ABX6E0C3S
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category A
Molten-Salt Reactcr Prograrms

ABX 6800135 *Cecntinued*
of low-pressure, high-temperature, fluic¢ fuel prcmote
safety and economy. Research and development have
concentrated on materials, compatibility, comgcrents and
the MSRE. Recent advances include improved materials and
simplified processing, Conceptual desicn studies of
one-fluid molten-salt breeder reactors indicate good
breeding performance and low power costs.

*MSRP + *reviews + breeding rerformance + costs +

development + MSBR + safety + technolaogy

ABX69C007

Haubenreich EN + Rosenthal MW

MOLTEN-SALT REACTORS

Cak Ridge National Laboratory, Tenn. :

Science Jcurnal 5 (6) (June 1969), 6 p, 5 fig, 4 ref.
Breeder reactors are€ needed to keep power ccsts dcwn
as uranium prices rise. Development emphasis is on
fast breeders, which promise high gain. Therpmal breeders
must have fast processing to remove protactinium and
poisons to achieve moderate gain, but fissile paterial
investments can be low, The fluid-fuel molten-salt
reactor with on-site processing promises lcw fuel cycle
cost and acceptable doubling times. HMSF development
dates back to 1948 and includes successful cperation
of the MSRE at 650 deg C for over three years., The
molten-salt breeder concept is now a graphite ccte with
circnlating salt ccntaining both uranium and thoriunm,
processed ty reductive extracticn intc Ltissutk,

*treeding perfcrmance + *economics + *electricul power +

*MSBR + *natural resources + *reviews + experience +

fuel cycle costs + MSRE + MSRE + processing

ABX690056 ;

Rosenthal MW + Robertson RC + Bettis ES

MCLTEN-SAIT BREELER BEACTOCRS

Oak Ridge Naticnal Laboratory, Tenn.

‘Nucl. Engrg. Int, Vol. 14, No. 156 (May 19€9), pp. L2(-425,

5 tigqg. . .

" This article explains hcw molten-salt reactcrs cfier
lcw-ccst power now. and in the future because of good
breeding performance and inherent advantages cf gclter-salt
fuel. Brief descrirticns are given ot FSBF materials,
core design, components,  and. processing scheze. Afterx
discussing MSR maintenance, safety, and costs, the
authors conclude with an outline cf wcrk' required tc
develcp a large commercial MSEE.

*MSRP + *reviews + breeding periormance + ccmponents +

costs + development + MSBR + csafety + technology

ABX700054

Accessicn Number ABX680035 to AEX700054
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Category &
Molten-Salt Reactor Erograams

ABX700054 *Continued*

Rosenthal MW ¢+ Kasten PR ¢ Briggs BB

MOLTEN-SALT RERCTORS -- HISTORY, STATUS, AND POTENTIAL

Oak Ridge Naticnal Labcratory, Tenn. ,

Nucl. Appl. Tech. 8, 107 (Fek. 1970), 11 p, 3 fig, 18 ref.
Molten-salt breeder reactors being developed at CENL
promise safe, low—cost power while extending rescurces of
fissicnable material. MSR technology, develciirg since
1947, was adegquate for successful construction and
operation of the MSRE which showed tkat circulating
molten fuel is practical, that fluoride salts are statle
under reactor conditiouns, and that ccrrc¢sicn is very lovw.
The sipple fuel prccessing necessary for a comnverter was
demonstrated in the MSRE. Processing methcds being
developed should permit MSR's in which UF4 and ThF4 are
combined in a single salt flowing throuch a gratghite
moderator to operate as economical breeders. Tnitial
startup can be with U-235, U-233, or Pu-23%. Ccrstruction
costs shculd be abocut the same as light-water reactors and
fuel costs should ke much lower. Achievement of eccncnic
MSBR's requires develorment and construction of severzl -
MSR plants of increasing size.

*MSRP + *reviews + ARE + breeding performance +

capital costs + design + development ® fuel cycle ccsts +

MSBR + pmaterials + fprocessing + safety + technology

ABX700055 .

Shaw M + Landis J¥W + Laney RV + Rosenthal ¥W + Layman WH

U. S. SUEVEY: REACTOR LCEVELOPMENT PROGRAM

United States Atcmic Epergy Ccmmission

Nucl. Eng. Int. Vol. 15, No. 173 (Nov. 197C), pp. ESS-SC4,

4 fiqg.

In the U.S.A. there vas proliferation oi reactcr concerpts
in the 1950's eliminaticns in the 1960's; development
efforts are now concentrated on € concepts: Light %a ter,
Liquid Metal-cocled Past Breeder, Light Water Ereeder,
Molten-Salt Freeder, High-Terfperature Gas, ard Gas-Cocled
Fast Breeder. This article covers the development status
of each. The molten-salt reactor program, sirce the
conclusicn of the MSRE, includes: design studies, reactor
systems and equipment development, chemical fprccessing,
materials, and chemistry.

¥AEC + *development + *electrical pcwer + *reactcrs +

*reviews + foreign

ABX710020

Grenon M ¢ Geist JJ

IES REACTEUEFS A SELS FONTLUS

Euratcnm

Energie Nucleaire, Vol. 13, No. 2 {(Mar.-Apr. 1971)
pp. 86-%3, 1C figq.

Accession Number ABX700054 to AFX710020.
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Category A
Mclten-Salt Reactor frograms

ABX710020 *Continued* *
This article (in French) appears in a series on chemical
sciences. The authors, formerly involved in the
Euratcm- USAEC excharge c¢n molten-salt reactors, introduce
the MSR as a potential treeder worthy cf multinational
consideration. They describe the concept, early
development, recent progress, protlems, advantages and
possible future development. (An English tramslation,
OENI-tr-2508, is availatle from ORNL.)

tdevelopment + *econcmics + *ESBR + ¥MSEP +

breeding performance + foreign + reviews

ACA6S5C00Y

Haubenreich PN

MOLTEN-SALT REACTOR EXPERIMFNI {(PART. 1 FSRF FFUGF. FFET,.

2/728/65)

Oak Ridge Natiocnal Laboratory, Tenn.

ORNL-3812 (June 1965), pp. 5-60, 17 fig, 29 ref.
Construction of the salt systems and clcsely asscciated
ancillary systems was ccmfpleted and full-time prenuclear
testing began in Septemter. After leak—-testirng, fpurging
and heating cf the salt systems, flush salt and coolant
salt vere loaded. Transfers and circulaticn fcllcwed.
Testing showed the need for modification of radiator doors,
freeze-valve air supplies and controls therral &hield
water piping and scre ccoling air control valves,
Krypton-85 was injected into the fuel system tc test
‘remcval rechanissms,

*construction + *experience + *MSRE + *startu; + *testing +

drying + freeze valves + krygpton + loading + molten salts +

thermal insulation

OTHER CATEGORIES: MXX + FKAB

ACA650010

Haubenreich PN -

MOLTEN-SAIT REACTOR EXPERIHENT {PART 1 MSRP PROGR. REP1.

8/31/65)

Cak Ridge National Laboratory, Tenn.

CRNL-3872 (Dec. 1965), Pp. 7-78, 34 fig, UuC ref.
Prenuclear testing with flush salt vas completed in
March after 1000 hours of salt circulaticn, 1In greparation
fcr lcw-fpower nuclear operation, nuclear instruments, the
fuel sampler-enricher and one layer cf the reactcr cell
roof blocks were installed and reactor operatcrs received
additional training., ~Fuel carrier salt containing dejfleted
uranium was loaded and circulated for 10 days in May tLefore
additions of enriched U-235 Ltegan, first intc the draiun

tanks, then through the-pump bowl. Criticality was reached_

on June 1 at very near the predicted locading. - Subsequent
spall additions of 0-235 permitted calibration of the
control rods and measurement of reactivity ccefficients and

Accessicn Number ABX710020 to ACA65001C
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Category A
Mclten-Salt Reactor Erograms

ACA650010 *Continued*
provided enough reactivity to operate for several months at
power. Zero-povwer measurements and dynamics tests were
completed in July and final preparations for high-power
operation were started,

*criticality ¢+ *experience + *MSRE + #*operation +

*startup + control rods + dynamics tests + lcading +

measurement + polten salts + [eactlvlty + operators +

trainirng + testing

OTHER CATEGORIES: MXX + KAB

ACA66 0008

Hautenreich PN

MOLTEKN-SAIT REACTOR EXPERIMENT (PART 1 MSRP PROGR., REPT.,

© 2/2E/66)

Cak Ridge National Laboratory, Tenn.

CRNL-3936 (June 1966), pr. 7-92, 41 fig, 43 ref.
Preparations fcr high-pcwer operation were completed.
These included modifying coolant line archcr sleeves,
replacing radiatcr doors, inspecting fuel pump internals,
measuring salt piping stresses, heat treating the reactocr
vessel, sealing and testing secondary ccntainment,
installing new core specimens, improving insulaticn orn the
radiator enclosure, and further training of operators,
Nuclear operation resumed in LDecerker anrd tests at fposers
up tc 1 MW verified predicted dymnamic behavior. The
power ascension was interrupted at 1 MW when valves and
filters in the fuel off-gas system plugged. Investigetion
revealed radiation-polymerized decompcsiticn prcducts of
oil that had leaked intc the fuel pump Lowl.

*experience + #%MSRE + *operation + analysis + conptainzernt +

contrcl rcds + dynamics tests + heat treatments +

off-gas systems + piping + pumps + remote mairtenance +

stability + startup + stress + testing

CTHER CATEGCEIES: MXX + KABR + KBA

ACAG6EC014

Haubenreich PN

MOLTEN~SALT REACTOR EXPERTMENT (PAST 1 MSEF FECGE. FEET.
8/31/66)

Oak Ridge Naticnal Labcratory, Tenn.

" ORNL-4037 (Jan. 1967), pp. 1-94, 24 fig, 35 ref.

Power ascension was resumed in April atter a large,

efficient filter assembly was installed to protect the

fuel systea pressure control valve frcm cil deccrposition

products. Full power of 7.5 KR (limited by heat removal

capability) was reached in Kay. 7Tests at eactk stage

verified predictions except that xenon stripping was wmore

effective and heat transfer frcm the radiatcr was lcwer

thap exfrected. Restrictions at the fuel off-gas charcoal

bed inlets developed kut were cleared by backklcwing,.)

_Accessicn Number ACA650010 to ACA66€00 14
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Category A
Mclten-Salt Reactor Erograms

ACA660014 *Continued*
Operation was interrupted briefly by electrical failures in
a component cooling pump and the fuel sampler, a false
indication of containment cell leakage, and failure of a
drive coupling on a main tlower. Hut ard btlades cf a main
blover shattered on July 17, forcing a shutdown. Flawus
vere found in the hubs of the other klower ard the spare
and procurement of nev blowers was started. The delay was
used to remove core specimens, alter the radiatc<r dcor
seals, irstall equipment to handle radiolytic gas from the
thermal shield, repair leaky c¢ell ccolers, ard regove the
off-gas particle trap for examlnatlon. Flush salt got into

- some gas lines when the fuel rump was accidentally

overfilled, and this was melted out Dy temporary heaters.

*experience + *MSRE + *maintenance + *cperaticn +

analysis o blowers + compcnents + cracks + failures +

filters + fission products + heat transfer +

off-gas systems + radlolyclc + temote malntenance +

samplers + startup

OTHER CATEGORIES: MXX + KAB + KBA

ACA670016

Haukenreich PN : ,

MOLTEN-SALT REACTOR EXPERIMENT ({PART 1 MSRP PROGR. REPT.

2/28/¢€7) 7

Cak Ridge National Latoratory, Tenn.

ORNL-4119 (July 1967), frp. 1-94, 36 fig, 42 ref.,
Replacement blcwers were received in Cctober and operation
vas resumed after a 12-vweek shutdcwn, A restriction which
appeared in the off-gas line at the fuel pump bowl wvas
temporarily relieved Lty heating, tut had tc cleared
mechanically in Ncvember. After a successiul 30-4day run
at full power, the reactor was shut dcwr in Jantary tc
insgpect the blcwers and to replace air line disconnects
in the reactor cell whcse leakage had interfered with
measurement of containment cell leaxace. At the same time
the fuel off-gas filter assembly was replaced with two
parallel particle ttaps ot 1mproved design. (Irn the
first particle trags, expansion of some parts -tended to
throttle the flow upon beating ty fresh tissicn products.)
A ccrorrebensive reactivity balance (including automatic
computation at frequent intervals by the on-lire comptter)
became operational and unexplained re¢activity changes froam
the beginning of operation wvere shown tc be crly C.05%.,
Full-fover operatlcn wvas tesumed and continued through
February,

*experience + *MSRE + *operatlon + analysxb + blovers +

off—qas systems + redctivity + remote maintenance +

disconnects

CTHER CATEGCRERIES: MXX + KAE + KBaA

ACA67C023

Accession Numker ACA6€0014 to ACA670C2Z3
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‘Category A
Molten-Salt Reactcr Progratcs

ACA67C023 *Ccntinued*

Haubenreich EN

MOLTEN-SALT REACTOR EXPERIMENT {PART 1 ESRE SENMIANN EECG

REPT 8/31/67)

Oak Ridge Raticnal laboratory, Tenn.

GRNL-4191 (Lec. 1967), pp 13-62, 33 fig, 25 ref.
Run 11 continued for 10z days, over 90% at full fcver,
befcre a scheduled shutdown May 10. Makeup U-235, added
at power for the first time, mixed in 2 rinutes, The
new offgas particle trap worked well, but the charcoal
bed inlets occasionally plugged., A rmair blcwer bearirg
had tc be replaced during the run. LCuring the May-
June shutdown, core specimens wvere regplaced. 1A remcte
gamra spectrometer was tested and used to scan the
primary heat exchanger. Minor rainteparnce was also
done and annual tests uere completed. The next run
was 42 days at full power, with emphasis or beryllium
additions and fuel sampling. Shutdown came after the
fuel sampler cable tangled and vas severed. Tccls were
develcped and the latch swas retrieved, but not the
capsule., Operations analysis included long-terrn reactivity
effects, thermocougle drift, and salt heat transfer,
In preparation for replacement of the uraniur ir the
fuel with U-233, neutrcnic characteristics with this
fissile material were calculated.

*experience + *pmaintepance + *M¥SRE + *operation + dnalYSLS +

bearings + components + gamma spectrcmetry + teat transfer +

off-gas systems + perfcrmance + reactivity +

remote maintenance + reactivity + temperature measurefert +

uranium—-233 + sarnplers

CTHER CATEGCERTES: MXX + KAEB + MLX + MEC

ACA68C012

Haubenreich EN

MOLTEN-SALT REACTOR EXPERIMENT (PART 1 FKSRE SEMIANK FECEC

REPT 2/29/68)

Oak Ridge Naticpnal Labora tory, Tenn.

ORNL-42¢4 (Aug. 1968), 49 p, 35 fiqg, 32 ref.
Early in the period the fuel sampler was reincstalled
and full-pcwer operation resumed. After the startup
vas interrupted to repair a component ccoling furng,
there was 6 months sithcut a fuel Arain. Ffuel circulation
was stopped 2 days in Novemker fcr wcrk cn the sanmple:
and during a xencn exteriment at low power a rLearing
was replaced on a mein tlower. Otherwise nc equigment
probtlem interfered with operation. Cperation at various
fuel levels, temperatures and fressures shcwved effects
on xenon stripping, neutrcn noise, and gas in the
access nozzle, Reactivity fkalances showed slight
drift (0.1%) over the lcng run. 2An offgas saspler
was installed downstream of tke charccal beds, The

Accessicn Number ACA670023 to ACA68CC12
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Category R
Molten-Salt Reactor Prograss

ACA68C012 *Ccntinued* ,
freeze flange thermal cycle test, stopped after 103 cycle
was resugsed. Analyses c¢cf system dynamics with the
proposed U0-233 fuel predicted safe and ctable operaticn.

*experience + *malntendncc + *MSRE ¢ *ofperaticn + aralysis +

hearlngs + compcnents + dynamic characteristics +

noise analysis + off-gas systems + reactivity +

granium—233 + xenon + sanmplers + freeze flanges

CTHER CATEGCERIES: MXX + KAE e MLDX ¢+ MEC

ACR68C019

Haubenreich PN T

MOLTEN-SALT REACTOB EXPERIMENT (PABT 1 ¥SRE SEMIANN FFCG REET

8/31/68)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-U4344 (Feb. 1969), pp. 1-52, 28 fiqg, 43 ref.
R 6-month run, ending in March, ccncluded cperatxcn with
U-235 after 900n eguivalent full- -power hours. BAfter _

- shutdown, gamma-spectrometric measurererts were nade cn the

fuel system, core specimens were replaced, the fuel offgas
line was cleared and two heaters frcm tle primary heat
exchanger were repaired. All 15 rod-scram relays were
replaced and 3 of the new relays failed. A carpsule d1cpped
in the fuel saspler cculd not be retrieved, tut did not
prevent fuel sampling. The on-site prccessing equipnert was
readied fcr remcval cf the uranium from the salt., After
testing, the sulfur dioxide reaction syster fcr disposal of
excess fluorine was abandoned in favor of reaction with a
caustic solution. In Augqust the flush salt ard the fuel
salt were fluorinated, efficiently recovering the U as the
hexafluoride. Corrosion products were precipitated and
filtered in the final step before U-233 loading.
Theoretical analyses of U-233 operaticn, includirg refined
calculaticn of delayed neutron effects, showed that the
system would be gquite stable, After Z2€¢t test thermal cycles
of the prototype freeze flange, a,crack was found at the
alignment stub.

*experience ¢ *flucrinaticn + *maintenance + *MSFE + *operatlon +

analysis + dynamic characterlsflcs + freeze flanges + :

samplers + uranium-233 + cff-gas systems

CTHER CATEGCRIES: MXX * KAE + HBX 4+ MEC + LHX

ACA69C021

Haubenreich EN i ' DR

MOLTEN-SALT REACTOR EXPERIHLNT (YART 1 HSRP SEMIANN EFCG EREET

2/28/69) o

oak Ridge Naticnal Laboratory, Tenn.

ORNL-4396 (Aug. 1969) pp. 1-47, 32 fig, 40 ref.
The MSRE began nuclear operat1cn with 0-233 ir Ce;temter and
was btrought toc full pcwer in January. Criticality was
attained by adding 33 kg of U, as the UF4-LiF eutectic, to
the carrier salt frem which the original U-23%f had been

Accession Rumber ACA680012 tc ACA69002Z1 -
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Category A
Molten~-Salt Reactor frograsts

ACR690021 *Continued*
stripred. Startup tests included measurements of rod worth
and reactivity coefficients, dynamics tests, and noise
analysis. When beryllium metal was added to adjust tke
reducing power of the salt, the entrained cover gas ‘
increased from less tham 0.1 vol % to 0.6 vol %, apparently
due to slight changes in the physical prcperties cf the
salt. During the pcwer ascension, small perturtations in
nuclear power were seen., Analysis indicated they were due
tc gas in the core, and they did not occur when gas
entrainment was reduced ty siowing the fuel fpumfp. Befcre
the pcwer ascension, the fuel offgyas line was cleared of a
restriction, Shortly afterward a loose cear ir the fuel
sampler forced a 3-week shutdown, during which time a
control-rod drive was serviced. Thermal cycle testing cf the
protctype freeze flange ccntinued and test-stand operation
of a fuel pump with a deeper towl {Mark-2) begar. '

*experience + *paintenance + *MSRE + operation + analysis +

control rods + dynamics tests + ifr¢eze flanges + _

off-gas systems + reactivity ¢ uraniwm-2z33 + ncise apalysis

OTHER CATEGORTES: MXX + KAB + MDX + FKEC .

ACA690028

Haubenreich PN ' : &

MOLTEX-SALIT EEACTOR EXPEBIMENT (PAET 1 MSHP SEMIANN PROG REFORT

8/31/69) .

Cak Ridge National Laboratory, Tenn.

CRNL-4449 (Feb. 1970), pp. 1-38, 19 fiy, 37 ref.
High-power operaticn with U-233, which kegan in January,
continued until a scheduled shutdcwn cn June 1. There were
fev equipwent problems cther than restrictions in the offgas
lines, and the reactor was critical S5% cof the tige ficpm
Januvary to June., Fuel samples uere taken periodically to
measure U-233 capture-to-fission ratic and tc study frcel
chemistry. Tests ccontinued on the behavior of cover gas and
xenon in the fuel syster at varicus circulaticn rates.
Ccntinuous indicatcrs of reactor pressure and neutron noise
levels were installed and used. During the shutdcwn, a new
ccre strecimen array vas installed, a stiff ccntrol rod wvas
replaced, rod drives were repaired, and the cifgas lites
vere cleared. A rermote gamma-ray spectrometer was used to
measure fission-product distritutions with the salt drained
and during the startup. Annuval containment tests concluded
the 10-week shutdown. Operation resumed with exferiments
comparing argon and helium as cover gases. Component
development work included extensicn ci the fprctctype freeze
flange thermal cycle test through 400 cycles, and operation
of the Mark-2 fuel pump with @ high salt level tc redctce
entrainment, .

*experience + #*maintenance + *MSRE + *operaticn + aralysis +

contrcl rcds + ccover gas + freeze flanges + gamma Sfpectrometry +

noise analysis + off-gas systems ¢ uranium-z33 + xercr

OTHER CATEGORIES: MXX + KAB + MDX + MEC

ACA700021

Accessicn Number ACA690021 to ACRA700021
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- Category A
Mclten-Salt Reactor Frograss

ACA700021 *Continued* .

Haulkenreich PN ‘ ‘

MOLTENK-SALT REBRCTOR EXPERIMENT (PART 1, MSRP SEMIANN PROG REPI

2/2€/770)

Cak Ridge National Laboratory, Tenn.

ORNL- 4548 (Aug. 1970), pp. 1-40, 14 fig, 49 ref,
Nuclear cperation cf the ¥SRE was concluded on ILec. 1z,
1969, Principal activities during the final runs were
studies cf xenon stripping and tritium distritution, and
sampling to determine fissiocn product Ltebhavicr. A regote
gampa-ray spectrometer was also used during both operation
and shutdown to observe fissicn fproduct distributions
After the final shutdcwn the reactor was placed in standby,
awaiting later examination. A swall leak near a freeze
valve during the shutdcwn released some fissicn products
into the containment cell. Refined analyses ¢t reactivity
calculations and long-term behavior confirmed the good
agreement, The prototype freeze flange undergcing thermal
cycle testing was irnspected after 470 cycles, then was run
on to 540 cycles before the test was discontirued.

*experience + *MSRE + *ofperation + analysis + treeze flanges +

gamma spectrometry + leaks + noise analys;s + reactivity + tritium +

xenon :

CTHER CATEGCEIES: MXX + KAB + MDX

ACAT70C€035

Haubenreich EN

MOLTEN-SALT REACTOR EXPERIMENT (BPART 1 FSRE SERIANM FECC

REET 8/31/70)

Oak Ridge Naticnal Labcratory, Tenn. -

CRNL-U622 (Jan. 1S71), pp. 1-6, 3 fig, 12 ref.
The ESEE remained shut down, awaiting pcstcreraticn
exariration., Prcoccedures and tools were prepared,
Specimens were cut from the coclant system pigping.
Analysis of data taken with the remote gamma spectrometer
‘during the final runs suggested tkat 'ncble-metal' fission
products quickly migrate, as extremely small particles,
to metal surfaces or salt-gas intertaces Existing data
on radiolytic flucrine evclution from frozen salt indicate
that evolution from the MSRE fuel in stcrage is easily
prevented. MSRE ccrponent development ended with
termination of pump endurance tests.

MSRE + analysis + experlence + E33101Y51a + fluorine +

examinations

OTHER CATEGORIES: MXX + CFX

ACA710028

Haukenreich PN PR

MOLTEN-SALT RERCTOR EXPER]MENT tPART'I, MSRP SEMIANN PROG
REPT 2/2¢€,71) -

Cak Ridge National Laboratory, Tenn.

ORNL-4676 (Aug. 1971), pg. 1-20, 16 fig, 1€ ref.

Accessicn Number ACA700021 to ACA710028
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Category A
Molten-Salt Reactor Erograms

ACA710028 *Continued#
Pcrtions of the fuel systea were removed for examination as
planned, Control rods, rod thimkles and one ncderator bar
were taken out and the interior of the reactor vessel was
viewed, The fuel sampler cage was cut cut and the punr bowl
vieved. Porticns of 6 heat exchanger tubes vwere removed
through a hole cut in the shell. The salt leak was fcund
at a freeze valve and the section was cut out. <Conditions
in the reactor wvere generally very gocd. A test shcwed the
coolant flowpeter had bheen reading high and the reactcr
heat balance should have Lteen 7.6 MW at tull fcwer.

*examinaticns + *MSRE + ccres + cutting tools + experience ¢

flow measurement + heat exchangers + heat falance + [URES +

remote caintenance

CTHER CATEGCEIES: MFX

ACB6€C009

(Staff Report) :

MSBR DESIGN STUDIES (CHAP 6, MSRP SEMIAKN ERCG REET 2/28/66)

Cak Ridge MNational Lakoratory, Tenn. '

ORNL-3936 (June 1966) pp 172-192, 7 fig, U4 ref.
A reference design concefrt is described for a 1000-MWe
two-fluid MSER with fuel and coolant salts sejarated Ly
graphite tubes in a 14-ft reactor vessel. Flowsheet,
layouts of the radioactive systems, and prccessing by
flucride vclatility and distillation are presented. " ?lso
reported are calculated nuclear performance ard ccsts,

*conceptual design + *MSBR + #*two-tfluid reactor +

breeding performance + costs ¢ flowsheets + layout +

processing

ACB660015

Briqgs RB

MCLTEN-SAIT BRFELCER KEACTOR STULIES {(PART 3 MSRP SENMIANN

PROG REPT 8-31-66)

Cak Ridge fKational Laboratory, Tenn.

ORNL-4037 (Jan. 1967), prp. 207-237, 1C fig. S ret.
Design study werk fcr the twec-region, two-fluid 1000 MW (e)
MSBF included adoption of a modular ccncept, using forr
small reactors to facilitate maintenance, and revision of
the primary heat exchangers to use Lent tubes rather than
bellows, Nuclear rerformances with and without Fa removal
are compared. Steam system efficiencies and ccsts for
700 deg F feedwater are ccmpared to a 530 dey F syster.
Performance data for other reactcr tyres are fresented,
including a lead-cccled MSBR, and eipthermal kreeder, and
a converter with the fertile and fissile materials in a
single stream. Salt prccessing for the fuel and Llanket
salts is described. The two systeus are similar, the salt
being flucrinated, the cff-gas sorbed, aud the uraniur
tetrafluoride recovered by cold-traprinc. A vacuum still-

Accessicn Number ACA7 100248 to ACEG&CCIE
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Category R
Mclten—-Salt Reactor Frograms

ACB660015 *Continued*
separates the rare earths from the remaining salt. concepts
for continuous stills and fluorinaticn units are desciibed.
Liquid-metal extracticn and reductive prec1p1tat10n are
suggested as alternative methcds.

*MSBR + *prcgress report + *conceptual design + *proce551nq +

*heat exchangers + *steam systems + *prctactiriur +

*perfcrmance + breeding perfcrmance + electrical powver +

thermal power + heat transfer + fuel cycle ccsts +

flowsheets + thermodynamics + design criteria +

*modular design + *]lead coollnq + *twc-ilu1d reactcr +

*steanm cycle

CTHER CATEGCRIES: TIAC

ACB67C017

Briggs BB

MOLTEN-SALT BREEDER REACICR DESIGN STUDIES (F2ET 3 PFSFEE

SEMIANN ERCG REET, 2-28-67)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-U4119 (July 1967), pp. 174-214, 21 fig, 6 ref.
Design study of the two-region, two-fluid 16C( MK (e) FKSBR
continued. The 250 MW (e) reactor module has a vessel 12 ft
diam with 4-in, diam graphite talls Letseen tike ccre
elerents and the reflectcr, The revised primary heat
exchangers have the long-shaft salt circulatirg fumgs
located abcve the units, The effect on reactivity of
fissile concentratios and fuel-volume fracticr ct the
neutren flux distributicn is explored. An off-gas system
flowsheet is presented and the required gas irjecticn and
remcval syster discussed, The effect of xenon removal on
the poison fraction was calculated. Prccessirg cf the salts
in a continucus flucrinator with salt-protected walls may te
adequate protection against ccrrecsion. The relative
volatility of the rare earths was investigated and the
equations for btuildup of non-volatiles cn vapc2121nq
surfaces are presented.

*NSBR + *proqress report + *conceptual design + ¥prccessing +

*pumps .+ *heat exchanqer= + *reactor vessel + *replacement +

*void fractions + *volume fractions + pertormance +

graphite + tlanket + flucrinaticn + corrosion protection +°

volatility + xenon + off-gas systems + *modular desigr +

*two-fluid reactor -

CTHER CATEGCRIES: IAC

ACB67C024

Briggs BB
MSBR DESIGN AND DEVELOPMENT (EABT 2 MSEEF SEPIAhN ERCG FEPT

8=31-67)
Oak Ridge Naticnal Labcratcry, Tenn.
ORNL-4191 (Lec 1967), pp 63-101, 23 fig, 6 ref.
Design study of the two-fluid, twc-recicn, 1C(C ME(e) MSBH

Accessicn Number ACB660015 to ACB6700z4
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Cateqory A
Mclten-Salt Reactor Erograms

ACB670024 #*Continued*
using four 250 MW(e) reactor modules involved new cell
layouts to accommodate stresses in piping and gpedesta l-
mounted equipment due to thermal expansions, The reactor
cell wall construction was studied in mcre detail., The core
grafhite was rearranged to better accommodate dimensicnal
changes due to neutron irradiaticn. Mcre detailed drawinygs
and data on the fuel and blanket-salt heat exchangers are
presented. Reactor performance was €valuated ir terms cf
the average ccre power density, optimized mainly on the
basis of yield, and the fuel-cycle cost estizated. The
useful life of the graphite as a functicn of the neutron
flux is estimated from the LCcunreay Fast Reactct data.
Flux-flattening is discussed and the temperature
coefficients of reactivity calculated. The xencn-135
pbésgpafhdteipicistedalchéa¢ddpandtaprebleat fenecthebidnelp
blanket and coolant-salt pumps are outlined, particularly
with regard tc the molter-salt journal Ltearing. :

*MSBR + *progress report + *conceptual cesicn + *rupps +

*heat exchangers + *xenop + *grarhite + *stress + :

thermal effects + bearings + kreeding rerfcrmance +

design data + expansicn + fuel cycle ccsts + mass transfer +

neutron flux + neutron fluence + parametric studies +

shrinkage + void fracticns + volume fractions + development +

radiation damage + *modular design + *two-fluid reactcr

OTHER CATEGORIES: IAC '

ACBA80013

Briggs RB )

MSBR CESIGN ANC CEVELOPMENT (FART Z° MSRP SEMIANN PRCG REPT

2-29-68) o

Cak Ridge XKational Laboratory, Tenn.

CRNL-4254 (Auq. 1968), g, 51-87, 2z fig, 1C retf.
A single fluid concert was adopted for the twoc-region
2000-KW (e) MSBR study reference design kecause it
elirinated the grarhite-tc-metal joints in the two-fluid
concept and Lecause means for chemical frccessicg of a
single salt ncw appeared to be available. Flcw diagrams and
new plant layouts for the single-fluid syster are precsented.
Dravwings and design data for the single reactor vessel, the
core graphite elements, and the salt drain tank are
included. Tabulated data of reactor physics calculaticns
indicate almost as gccd a performance as for the two-fluid
reactor., The effect of use ot ccated qraphite c¢r the two-
fluid reactor xencn-135 poison fraction is reported. A
conceptual design is shewn for a single-itluid MSBR fuel-salt
pumg, which dces nct require a salt-lubricated kearincg as in
the two-fluid concept. A salt-learing experimental test
lcog and pregram are described, however. Femote main tenance
problems in an MSER plant are discussed. Prelivirary

Accessicn Number ACB670024 to ACB680013



Page 23

Category 2 ,
Mclten-Salt Reactor FErogranms

ACB680013 *Continued* )
results c¢f analcg ccmputer studies of the dynamics of the
tvo-fluid MSER are presented.

¥*MSBR + *prcgress report + *ccnceptual design +

*single-fluid reactors + performance + laycut + jcinpts +

flowsheets + data + reactcr vessel ¢+ cores + graphite ¢+

fuel cycle + neutron physics + coatings + xencn + Lumgs +

dgannigschabzetdiigtjesf crdevetopneaintenance +

CTHER CATEGCRIES: IAL

ACB68C02C
Briggs KB
MSBR DESIGN AND DEVELOPMENT (EART 2 KSEE SEEIANN EECG FEPT
8-31-68)
Cak Ridge RNational Laboratory, Tenn.
ORNL-4344 (Feb 1969) ff 53-108, 32 fig, 15 takles, 19 ref.
The single-fluid 1000 MW (e) reference fplant uses a
confinement building to permit replacement of the reactor
core ‘as an assembly. As shown on nev flowsheet ard layocut
drawings, the revised reactor has graphite spheres in the
blanket and graphite ccntrol rcds at the center. Details of
a revised rrimary heat exchanger are presented. Neutron
physics calculations for the revised ccnceft vwele improved.
Preliminary calculaticns for a 10C-2C0 FW(t) MSER are
reported. The MSBR Xe-135 poison as furcticn cf butble
stripring and graphite sealing was calculated ard ccncegts
for a bubkble generator and gas separator descrited. The
MSBE pumping requirements and first cperaticn cf the scdium
flucrchorate test lcop are discussed, as were the
requirements for a steam generatcr test facility. Analyses
of the dynanmic respcnse of the MSER system (and the steaa
generator) indicates general feasibility. Neutrcr decay
after shutdown was calculated. Fesistance thermometers
p0551b1y can be used in the MSBR. Test equitrsert fcr
measuring heat transfer properties of tte salt are described
“and data given for therral conductivity and heat capacity.
Test equipment and first data on simulated mass transfer of
xencn to bubbles are covered.
*MSBR + *progress report + *conceptual design + *reactcrs +
*heat exchangers + *pumps + *MSBE + #*steam generators +
tcontrol + *temperature measurement + *physical frcierties +
*gas injection + *gas separation + #*performance +
*heat transfer + bublkles + mass transfer +
therral ccnductivity + srecific heat + structures +
maintenance + graphite + control roés + neutrcn physics +.
xenon + fluoroborates ¢+ ccres + reactor vessel +
single-fluid reactors + test facilities + vcid fracticns +
primary salt e paterials testlng + lnstrumentatlon + Fiping +
spheres + containment '
OTHER CATEGORIES: IAD

ACB690022

Accessicn Number ACB680013 to ACB6Y90022
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Category A
Molten-Salt Reactor Frograms

ACB690022 *Continued*
Briggs RB
MSBR DPESIGN AKL DEVELOPMENT (PART 2 HSRP SEMIANN PRCG REP1
2-28-69)
Cak Ridge National Laboratory, Tenn. : y
ORNL-4396 (2ug. 1969) pp 49-128, 57 fig, 26 tables, 5( ref.
Design studies of the single-fluid 1000 MW (e) MSEE
continued with emphasis on the reactor core and vessel
design, flow and terperature distributions, fission-product -
distribution in the systems, krypton and xench purging, and
the cff-gas system heating loads. The diameter of the
reactor cell was increased and the cell wall ccrstructica
studied in more detail. Changes in the central core
dimensions resulted in increased graphite life. Reactcr
afterheat sources, temperature distributions in graphite
core and reflector and in reactor vessel are flctted.
Develcpment work includes methods for bubble generaticn and
gas separation in fuel-salt system. Distributicn of roble
metal fission products is tabulated. Improved values were
obtained for thermal conductivity cf the fuel salt and an
experimental lccp tc ccnfirm heat transfer relationships has
furnished preliminary data.: Opera icn c¢f the scdiur
flucrcborate test 1lcop is described. A successful rerotely-
operated orbital welder for piping is reported. The -
ccentrcls systen studies continued. FEreliminary drawlngs and
descriptions of the MSEE are included.
*MSBR + *rrcgress report ¢+ ¥*conceptual design + #*reactors + s
¥*MSBE ¢ *heat exchangers + *pumps + *steam ceperatcrs +
*physical fproperties + *ccntrcl + #*gas injection +
*gas separation + *performance + *heat transfer + *cells +
*test facilities + thermal insulation + bubbles +
mass transfer + thermal conductivity ¢ structures +
welding + maintenance ¢+ ccres + reactor vessel +
noble metals + fission products + neutron physics ¢ xencn +
kryptcn + fluorchborates + decay + heat + graphite +
*steam systems
OTHER CATEGORIES: 1IAD

ACB690029

Briggs RB

MSBR LCESIGNKN ANT DEVELOPWENT {PART 2z MSRP SEMIANN PROG EREP1

8-31€9) :

Cak Ridge kational Laboratory, Tenn. . :

CRNL-4449 (Feb. 1970) pp 39-9%5, 41 fig, 1Z taltles, 3€ ref.
Ccnceptual study cf a single-fluid 1000 MW (e) reference
design MSBEF is essentially corplete. Principal desigr data o
are tabulated. The fplant layout sas revised to include a
domed confinement building which provides rissile prctection

and acts as containment during maintenance. ! waste storage 'V"
cell is also provided. Seismic disturlances sere ccnsidered- (|
in the design., Laycut drawvings are shown tor all building &aJ

Accession Numker ACBE€9G0zZz tc ACE6SC(Z9
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Category 1A
Molten-Salt Reactcr Prograrns

ACB69C029 *Ccntinuedx
levels, The primary drain tank was revised tc use a
lithiumberyllium fluoride salt-to-wvater-to-air cooling
system. Nuclear calculations were refined tc irclude effect
of rlant size and tc consider alternate reactcr designs.
Gamma and neutron heating was calculated fcr the reference
design gecmetry and alsc for an FSBE with spherical vessel,
The industrial program to develof a steam gereratcr is
discussed. Results cf cperation of the sodium fluorolorate
test are reported. The requirements for the MSBE salt pump
test stand are covered.  Results of heat transfer and salt
physical property studies are reported in scre detail. The
mass transfer test facility is completed and experimental
. ‘work started,

*MSBR + ¥frcgress report + *ccnceptual design + *MSEF +

*pumps + *steam generators + *drain tanks +

*physical froperties + *heat transfer + *test facilities +

*performance + *containment + *cells + mass transfer +

structures + welding + maintenance + *control +

neutron physics + gas injection + qgas separation +

single-fluid reactors + fprimary salt ¢ thermal conductivity +

capture + absorption + earthquakes + dynamic characteristics +

radiation heating + layocut + flowsheets. + data +

waste disposal

OTHER CATEGORIES: IAD

ACB700022

Briggs RB . ' : ‘ ‘

MSBR DESIGN ANB DEVELOPMENT {PART =z MSRP SEMIANN PRCG REPT

2~ 28-170) .

Cak Ridge National Laboratory, Tenn, S

ORNL-4548 (Aug. 1970) pp 41-92z, 25 fiq, 15 tatles, 32 ref.
Studies cf the reference design for 1000 MW (e) single-
fluid MSER were completed and the first draft cf a regort
circulated. Princiral desiqgn data are presented. Studies
are being made of first-generaticn tyres of mclter-s=alt
reactors that would have poorer pertformance but would
require less development, including a large MSRE type and a
spherical reactcr with graphite ball bed. A primary heat

. exchanger with bayonet tules is ccmpared tc ttke reference
- design exchanger, The tritiua distribution in a 1000 MW (e)

MSBF was estimated and the effectiveness of varicus methods
of reducing the amcunts reaching the steam system were
calculated. The nuclear physics calculaticns were refined,
including estinates of the control rod worth. The steanm
generator development program is discussed and further
tests frcm the sodium fluoroborate test loop reported. The
pump test stand is descrited and the remctely-cperated
orbital welder for riping discussed in some detail.
Simulation studies of dynamic response c¢f MSBR ccntrols
systews are presented. Development work was continueé on

Accession Number ACB63C02S to:ACBR70002z2
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Category R
Molten-Salt Reactor: Erograms

ACB700022 *Continued*
gas bubble generaticn and separation from the fuel salt.
Better values for the thermal conductivity cf thke salt and
for heat transfer relatiocnships were obtained from the
experimental results,

*MSBR + *progress refport + *ccnceptual design + #*MSEE .+

*pumpps + *steam generators + *converters + *plkysical frcperties +

- *heat transfer ¢+ %*test facilities + #*performance + 3*control +

welding + mass transfer + thermal ccnductivity +

maintenance + neutron physics + gas injection +

gas separation + dynamic characteristics + graphite +

spheres + *tritium + develcpment + components

CTHER CATEGCRIES: TIAC

ACB70C036

Briggs BB

MSB8R DESIGN AND DEVELOPMENT (FABT 2 MSEE SEFIENN EECG FEPT

8-31-70)

Oak Ridge Naticnal Labcratory, Tenn.

ORNL-4622 (Jan. 1971) pp. 7-59, 43 fig, 11 tables, 35 ref.
With completion of the report draft cn thke sicgle-fluid
MSBR, ORNL directed majocr attention to FSRF technical
problems but some studies continued c¢cn a demcrstratiot
plant and plans prcqgressed for an industrial study of a
large MSEF station., Flowsheets and laycut drawings are
shown for a 3CC MW(e) demonstration plant witin low enough
power density for the graphite to not reguire rerlacernent,
The primary heat exchangers are mounted horizontally to
permit maintenance from the side, and detailed afterheat
studies cn an empty exchanger are reported. The drain tank
uses a natural convection NaK cooling syster. Nucleatr
physics studies continued on cores of lcw power density and
for Th concentrations in the 10-18 rcle % rance xith fuel
cycle costs and yvields tabulated. Eatch processing wés also
considered. Capture cross sectiocn ratics fcr algha fcr
U-23¢ vere deterrined experimentally. Eubile generator and
gas separator testing is reported. Plars gprccressed fcr
industrial study of a steam generator. The socdium
fluoroborate loop testing included water irjecticrn with
inccnclusive results, Femote welder development emphéesized
consistently good welds without direct cbservaticn cr manual
adjustment. -Partial locad steady-state tehavior of MSER vas
studied, Heat transfer tests ané investigaticr cf
thermophysical prcrerties continuved. Data on transfer
‘coefficients to helium tuklkles are regported.

*MSBR ¢ *MSBE + *fprogress repcrt + #*conceptual design +

*physical properties + *gas separation + ¥*heat transter ¢+

*test facilities + *industrial studies + *performance +

*neutron physics + *welding + mass transfer + reactcrs +

heat exchangers + drain tanks + structures + layout +

maintenance + control + decay + fission products +

Accessicn Number ACB7000Zz to ACB7COC2¢
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Molten-Salt Reactor Erogranms

ACB700036 *Continued* .

graphite + fFumgs + containment + earthquakes +
fluoroborates + bubbles + gas separat1on + ccnponentc +
development : .

CTHFR CATEGCRIES: IAC

ACB71C029

Briggs RB

MSBR DESIGN AND DEVLLOPMENT (FART II, ESRP SE!IANN ERCG

REPT 2/28/71)

Oak Ridge Naticnal Labcratory, Tenn,

CRNL-4676 (Bug. 1971), pp 21-72, 27 fig, 52 ref.
Ccnceptual design of a 1000-MW MSBR was corfgleted and
design studies of a large, 300-MNke demonstration reactor
were started, Flowsheets, layouts and ccmpcnent design
data for this reactcr are presented. Conceptual desicn of
a high-power-density, 150-MWth, molten-salt breeder
experiment (MSBE) also was pursued to define development
requirements., Development efforts focussed cr ccclant
system technolcqgy and the removal and handling of gaseous
fission products from the tuel. Plans frogressed fcr
industrial studies cf cteam generators and a 1000-M¥
MSBF plant,

*conceptual design + *develcpment ¢ *KSEE + *tSBE +

analysis + converters + ‘coolants + design data +

flowsheets + gas separaticn + industrial studies +

progress report + steam generators + tritiurm

OTHER CATEGORTES: HEX & IAD + IAE

ACC6500086

Lindauer RB

FUEL ERCCESSING (PART 7 MSRP PROG REPT ¢/4E/6‘)

Oak Ridge Naticnal Labcratery, Tenn,

CRNL—’812 (June: 1965), pp. 169-171, 2 tigqg.
The design, rprccurement and ceonstruction ct the MSRE fuel
processing system were essentially completed except fcr the
salt sampler and the uranium akscrpticn equiprert., Ar
electrolytic hygrometer is being tested for in-line

"monitoring of the removal of cxide trcm mclter salt by

treatrent with hydrcgen and hydrogen fluoride. Initial
results are encouraging, tut they indicate that hydrogen
flucride will have to te completely removed from the cas
that is bypassed to the amalyier. Study of methcds fcr the
remcval cf volatilized chromium fluoride from the offgas
stream during fluorination of molten salt kas begun., Scme
data have been cbtained tor the sorption of chroamium
trifluoride on sodium fluoride pellets at 4C( deg C.

¥MSRE + ¥prccessing + *ccnstruction + absorption +

corrosion products + design + hydrogen compcurds + cxides +

sodiur flucride + uranium

CTHER CATEGCEIES: LHX + MEBEX

ACC6HSCO12

Accession Number ACB700036 tc ACC650012
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Category A
Molten-Salt Reactor Frogranms

ACC650012 *Continued*

Lindauver RB

FUEL ERCCESSING (EART 7 HSBP PROG REPT E/731/6%)

Oak Ridge Naticnal Laboratory, Tenn.

CRENL- 3872 (December 1965), p 152, 3 ref.
Construction of the MSRE fuel-processxnc syctem ¥as
completed, the system was tested, and the flush salt was
processed for oxide removal, Operaticn of the plant sas
generally satlefactcry, and about 115 ppm of oxide was
removed from the §?1t in reducing the ccncentraticn tc about
S0 ffr. .

*MSRE + *oxides + *proce551ng + constructicn + oferaticno +

plant ,

OTHER CATEGCEIES: LHX + MCLC

ACC66C010
(staff Report)
MOLTEN-S5ALT REACTOR PROCESSING STUDIES (Part 7 MSHE Erogre.
Rept 2/28/66)
Oak Ridge Naticnal Labcratory, Tenn.
CRNL-3936 (June 1966) pp. 193-211, 10 fig, 6 ref. :
A close-coupled. facility for processing the fuel and fertile
streaks will be an integral part of an FKSBF systen. Fuel
will be processed on a 40-day cycle. Uraniur will be
flucrinated frcr the carrier salt wvhich will then be
recovered from fission products Ly distillaticn. relative
vclatilities between lithium and rare earths have been
measured to be 0.001 to 0.04 at 9CO0 to 1C5C deqg C. Uranium
hexafluoride will be abtsorbed in fuel salt containing
~uranium tetrafluoride and then reduced with bydrcgen.
"Flucrinatcr corrosicn can probably be eliminated ty a layer
of frozen salt on the wall. Experimental work with a small
ccuntercurrent continucus fluorinator gave recoveries of 90
to 96% of the uranium. Volatile chrcriuve flucrides can bhe
trafpped with negligible uranium losses cn sodium fluoride
beds. & preliminaty design study of the above facility has
illuminated protlems among which is hanéling Ltigh-hea t-
generating materials., The fixed capital cost fcr the
conceptual plant was $5.3 million; the salt irvertory ccst
wvas $C.166 rillicn, and the direct operating cost was
$787,790 per year. :
*4SBR ¢ *fprocessing + corrosicn protectlon + costs +
design + distillation + fluorination + lithius +
rare earths + sodiup flucride + vuranium + volatility +
two~fluid reactor ,
OTHER CATEGORIES: LJX

ACC660016

(Staff Repcrt) ' ,

MCLTEK-SAILIT REACTOR PEOCESSIVG STUDIES (PART € MSRP PROG
REPT 8/31/66)

Accession Numker ACC650012 to ACCH660016
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Molten-Salt Reactor Progrars

ACC66C016 *Continued*

Cak Ridge National Laboratory, Tenn. :

ORNL- 4037 (Januvary 1967), pp. 227-237, 4 fxg, 2 ref.
The MESBR processing plant would use cycle times cf 40 days
for the fuel salt and 20 days for the fertile salt. (Using
a recirculating equilibrium still relative vclatilities have
beep cbtained which are a factor of £C lower than usirtg a
ccld-finger techniqgue. UOranium recoveries exceeding 99%
have been attained with continuous fluorinatcrs cnly 48 in,
high. Ccrrcsicn‘prctection by means of a frozen wall is
being studied. Studies continued on alternative frccessing
methcds to replace vacuum distillation. Tests were made
vith the reduction-coprecipitaticn frccess using beryllium
and with the liquid-metal extraction prccess using solut1ons
of lithium in Etismuth. :

*MS3R ¢+ *precessing + beryllium + bismuth +

distillation + flowsheets + fluoripaticn +

lithium + reductive extractlcn process + volatllxty +

corrosion protection

OTHER CATEGORIES: LJX

ACC670018

(Staftf Repcrt)

MOLTEN-SALT REAMCTOR PROCESSING STUDIES (PART 10 MSRP PROG

BEPT 2/2€,67)

Cak Ridge National Laboratory, Tenn. '

CRNL-4119 (July, 1967), pp. 204-213, 5 fig, 2 ref.
Studies cn the flucrination-distillation tlowsheet for MSBR
processing continued. Fluorinaticn studies with
ncngrctected systems using 1-in.-diam towers have
demonstrated steady state recoveries up tc 69.9% cf the
urariue with fluorine utilization of 15%. Studies on
column protection involve the censtruction c¢f a S5-in.-dian.

- nickel tcwer with fprovisicn to genmerate heat fluxes tc

create a frozen wall of salt., Relative volatilities
measured at 1000 deqg.C and 0.5 mm mercury pressure were
3 x 10(-3rd), 3 x 10(~-4th), 6 x 1C(-4th) and 2 x 10 (~ 4th)
~for ceriur, lanthanum, neodymium and samarium trifluorides
with respect to lithium fluoride. Equigrert is Leing
fabricated for the distillation of 48 liters of MSKE fuel
salt after removal of thke urapius by fluorinaticr.

HSBR + *pccce=51nq 4 distillation ¢ fluorination + '

fuels + MSFE + rare earths + uraniur + volatility

ACC670025
(Staff Report)
HOLTEN-SALT PROCESSING AND PREPARAT[CN (PAET 6 HSFE EFCG
REET 8/31/67)
Oak Ridge Naticnal Labotatory, Tenn.
CRNL-4191 (Lecember 1967), pp 239-253, 6 flg, 10 ref.
Most of the effort in this period was cn the distillaticn

Accessicn Number ACC660016 to ACC670025
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Category A
Molten—Salt Reactor Frograwms

ACC670025 *Continued¥ '
steg in the fluorination-distillation flowsheet. ‘Rel ative
volatilities of rare earth fluorides were measured using
both an equilibrium still and the transpiration method.
Data from the two methods is in gcod agreerent. Equijment
for demonstration cf vacuum distillation using MSRE fuel
salt is being installed in a test facility for
non-radioactive experiments kefore operation with MSRE s=alt.

A conputer ccde has been prepared to provide information on

fission product heat generation. An alterpative fprccess to
distillaticn, reductive extraction of rare earths using
lithium reductant in bismuth is teing studied.
Modifications are being made to the MSRE fuel processing
facility to permit uranium recovery Lty flucriraticn after
only 35 days decay. Design and equipment fabrication is in
progress for preparing 40 kg cf uranium-233 as tke
uranium lithiur flucride eutectic for replacement of the
present MSEE uranium fuel.

*M35BR + *prccessing + *distillation ¢ volatility +

rare earths + reductive extraction process + MSRE +

granium-233 + fluorinaticn +# lithium + bismuth

CTHER CATEGORIFS: LCA

ACC680014

(Staff Repcrt)

MOLTEN SALIT PRCCESSING ANIL PREPARATION (PAR1 € MSkP PROG

REPT 2/25,68)

Cak Ridge Fational Laboratory, Ienn. :

ORNL-4254 (Augqust 1968) fp. 241-277, 1€ fiqg, 18 ref.
Distribution coefficients were measured for uranium, thorium
and rare earths Lketween molten fluoride salts ard litkium-
bisruth soluticns., Calculations were made for the
isolation of protactinium from a single-tluid MSBR. Studies
are undervay cn prctecting a continuous fluorinator from
corrosion by freezing a layer of salt cr the vecssel wall.
Relative volatility mea surements were made for uranium,
rubidium, ceaesium and zirconium fluorides with tespect to
lithium fluoride. Fcur non-radicactive test runs were made .
with fuel carrier salt in the distillaticn unit tc be used
with the MSRE fuel salt. Reductive extracticn processes for
protactinium removal were evaluated. Small scale
flucrination tests were made with simulated MSFE fuel salt.
Preparation of the uranium-233 fuel ccncentrate fcr the MSRE
is undervay. Decay heat from fission products and
protactinium has been calculated tor a zCGC-Mw single-region
MSR. :

*MSBR + *frrocessing + distillation e distritution +

fluorinaticn + MSRE + rare earths +

reductive extraction process + protactinium + thcrium + -

uranium + uranium-233 + vclatility

ACC680021

Accessicn Number ACC670025 to ACC680021
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Mclten~Salt Reactor Erograms

ACC680021 *Continued*

{Staff Refpcrt)

MOLTEX SAIT PRCCESSING ANL PRFPARATICN (PABT 6 MSEFE FECG

REPT 8/31/68)

Oak Ridge Naticnal Laboratory, Tenn.

CRRL-4344 (February 1969), pp. 291-326, 22 fig, 13 ref.
Measurement of distributicn coefficients for the reductive
extraction process continued. The solutility cf
protactinium and thcrium in bismuth was determined. :
Simulated molten salt-liquid tiszuth ccntactcr studies were
started with mercury and water.. Equipment is being
installed for semicontinuous experiments on reductive
‘extracticn., A series cf experiments was concluded which
demonstrated the feasitility cf a frczer salt wall for
corrcsior protecticn during fluorination. Equipment is
being installed at the MSRE for demonstraticr cf fuel s=alt
distillation. Relative volatility measurements were made
vith thorium fluoride. Preparaticn cf the urarive233 fuel
ccncentrate for the MSRE was completed using the two—-step
process, Development of this frccess is described. Final
labcratory tests were made on several steps in the prccess
for recovery of uranium from the MSRE (descriked in Part 1
of this regcrt).

*MSBR + *processing + corrosicn protection + distillaticn +

distributicn ¢ flucrimaticn + protactinium +

reductive extraction process + MSRE ¢ thorium + urariuvm +

uranium-233 + veclatility

ACC/690023
(Staff Rercrt)
MOLTEN-SALT PRCCESSING ANL PREPARATION (PART € MSRP PRGCS
REPT 2,/28,69)
Cak Ridge Kational Laboratory, Tenn.
OBRNL-4396 (Auqust 1969) fp. 270-299, 25 fiqg, 33 ref.
The proposed reductive extraction processing flcwsheet for
a single-fluid MSBR is descrited. Prctactiniur and rare-
earth reroval is included.: A computer code has teen
developed to perform the necessary material talance
- calculations., The measurement of distribution coefficients
for the reductive extraction process ccrtinued. The nutual
_ solubilities of nickel and thorium in bismuth were
- determined. Experiments vere carried out usirq cguartz
electrolytic cells. Preliminary testing of equipment for
semi-continuous experiments on recductive extracticn has
begun., Data is repcrted cn mercury-water tests in columns
to simulate molten-salt-liquid-kismutb, Ccld testing of the
distillaticn unit at the MSRE was completed prlcr to
distilling a portion of the MSRE fuel salt,
*HSBR + *prccessing + bisputh + computer codes +
distillation + distribution + electrolysis + flowsheets +
protactinius + reductive extraction process + MSEE +
solubility + thotlum

Acce551cn Number ACC683002z1 to ACC6S0CZ3

31




Page 32

Category A
Mclten-5alt Reactcr Programs

ACC69C023 *Ccntipued*
CTHER CATEGCEIES: LKX

ACC69C030 ,
(staf £ Feport) . _ .
MOLTEN-SALT PROCESSING AND PREPARATICN (PAFT 6 MSEE FECG
REPT 8/31/69) ,
Oak Ridge Naticnal Laboratory, Tenn.
CRNL-4449 (Feb. 1970) pp. 214-246, 27 tig. 26 ref,
Measurement of distribution coefficients in sclten salt-
metal systems ccntirnued and data is presented for
transuranium elements, rare earths and thoriur. The
sclubility of plutcrium fluoride was measured in lithium-
beryllium fluoride salt. Flowsheet analyses were made of
protactiniur isclaticn, rare-earth removal, thorium
" stripping, fission product concentrations and heat
generaticn rates. Four runs were made with the semi-
continuous system for contacting tiswutt with mclten =alt.
Electrolytic cell and salt-metal contactor development
continued. Axial mixing was studied in both packed ard
bubtle cclumns. Abcut 11 liters of the MSEFE fuel carrier
salt was distilled. PDesign studies were carried cut c¢n:
(1) beat transfer through the frozen salt walls of an
electrolytic cell, {(2) a continucus salt purificaticn ~ -
system and (3) fplutcniur capsules for refueling the MESRE.
*MSBR + *processing + bismuth + columns + design +
distillaticn + distributicn + electrolysis + flowsheets + ' s
heat transfer + MSRE + plutonium + protactinium ¢+
reductive extraction process + solukility + rare eartks +
thorium

ACC700023

(Staff Refcrt)

MOLTEN-SALIT PRCCESSING ANIL PREPARATION (PART € MSEP PRCG

REPT 2/2€,70)

Oak Eidge National Laboratory, Tenn.

ORNL-4548 (Augqust 1970) fpp. 277-332z, 4z £ig, 323 ref.
A new processing flcwsheet for a single-fluid MSEF is
described. Electrolytic cells are elicinated by the tuse of
a metal transpcrt fprccess for removing rare earths anc
fluorination followed Ly reductive extracticn fcr
protactinium isclation. Distribution of thoriur and rare
earths between lithium chloride and kissuth is Lbeing
studied in suppcrt cf the metal transfer process., Four more
runs were made with the semicontinuous systen fci
contacting bisruth with molten salt. Eguipmernt is Lteing
prepared for a demonstration of the retal trarsgcrt
process. Contactor and electrolytic cell development is

continuing., Data from the distillaticn of MSRE fuel carrier e
salt is fpresented. Material and energy balance calculations P
and calculations on the effect of chemical frccessing on \sJ

Accessicn Number ACC690023 to ACC700023
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Mclten-Salt Reactor Erogranms

ACC700023 ¥Continued*
nuclear perforrance were made for the MSBE processing plant.
Installation of continuous salt purificaticn equigment is in
progress., Specially designed capsules were loaded with
plutonium fluoride and added to the MSRE fuel salt,

*MSBR ¢+ *prccessing + bismuth + columns + design +

distillation + distribution + electrclysis + flcwsheets +

metal trarsfer prccess + MSRE + plutonium + rare earths +

reductive extraction process

OTHER CATEGORIES:  LKX

ACC700037

(staftf Regcrt) ' b

MOLTERK-SALT ‘PRCCESSING ANI PREPRRAIION {PART £, MSRP

SEMIANN PROG REPT 8,/31,70) ' '

cak Ridge National Lakoratory, Tenn.

OBRNL-4622 (Jan. 1971), pp 199-224, 2C fig, 27 ref.
CalCulations were Made fof a flo¥sheet using
fluorination-reductive extraction for Pa isclaticp and
metal-transfer for rare-earth removal. Calculations wuere
also made on removal of uraniur ty oxide precipitaticr,
More data were obtained on distribution of rare earths and
thorium Letween bismuth soluticns and mclten =alts. '
Engineering develorrent included operation of the
flow-through reductive-extracticn facility, tests on
perfcrmance of packed cclumns with two liquids differing
widely in density, demonstraticn cf the metal-transfer
process, and experimrents with ‘electrolytic cells. Tests of
a continuous salt purification systenm were started.

*development ¢ *experiment + *MSBR ¢ #*processing +

bismuth + chlorides + columns + date + distriltuticn +

electrolysis + flcwsheets + fluorination + :

metal transfer process + OdeE prec1p1tat1cn froce +

reductive extracticn prcce :

ACD650007
{Staff Regpcrt) B :
RADIATICN CHEMISTRY (CHAP 5, MSRP SEMIANN PROG REPT 2,28/65)
Oak Ridge Naticnal Labcratory, Tenn. '
CRNL-3812 (June 1965), pp 87-120, 25 fic, 5 ref.
In-file carsule tests in the MTR were ccopleted and
post-irradiaticn examinations at CRNI were practically
finished, Early tests had shovwed effects cf flucrine
- evoluticn. Later tests, which included gas connections
and external heating during reactcr shutdown, fprcved that
the fuel was stable, with: no fluorine evoluticn, under
operating conditions.,  {Radiolysis of ccld salt bhad
produced the gaseous flvorine.) Examination of salt,
~graphite and INOR-8 from the capsules sltowed tc
radiation-induced incompatibility.
*examinations + *in-pile tests + *radiclysis +

Accessicn Number ACC7000Z3 to' ACL65CC(7?
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Molten-Salt Reactcr Prograrms

ACD65C007 *Ccntinued*®
capsules + compatibility + fluorine ¢ graphite ¢+
Hastelloy N + golten salts + frogress report

ACD650011

{staff Report)

CHEMISTRY (CHAF 6, MSRP SEMIARNN PROG REPT 8/31,65)

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-3872 (Dec. 1965), pp 111-151, 16 fig, 40 ref.
Apalyses of MSRE salts during precritical testirg, U-235
loading, and zero-fpcwer experiments showed that purity was
maintained and corrosion was very low. Vagcr fptessures, HF
solubility, and iodine removal in Lif-BeF2 systems were
determined. Phase relations in the NaF-NaBF4 syster and
viscosity of NaBF4 were determined. (This systenm is
suggested as an inexpensive, lower-melting breeder
coolant.) Prerarations were rade for studyinc¢c Pa oxide
precipitation, Effcrts continued to improve analyticel
methods for MSRE salts and cover gas.

*analytical chemistry + *chemistry + #%experience + AMSEE +

*progress report + data ¢ experiment + flucrides +

fluorchborates + iodire + rolten salts + oxides +

precipitation + protactinium

OTHER CATEGORIES: MCD ¢ CXX + DXX

ACD650013

(staff Refcrt)

RADIATICN CHEMISTEY (CHAP 5, MSRP SEMIANN PROG REPIT &/31/65)

Oak Ridge Naticnal Laboratcry, Tenn.

CBRNL-3872 (Dec. 1965), pp 106-110, 2 fig, 2 ref.
Design and development progressed on an in-pile gclter-csalt
experiment to gc in the CRKRR. It consists of a compact
thermal~circulation loop of INOR-E& including a 2-inch
graphite ccre and 85 cc of fuel salt.

description + development + in-pile tests

ACD66001T1Y

(Staff Refpcrt)

CHEMISTEY (CHAE 5, MSRP SEMIANN PROG REPT Z2,2t,/6¢€)

Qak Ridge Naticnal Labcratory, Tenn.

CRNL-3936 (June 1966), pp 122-171, 25 fig, 32 ref.
Inproved analytical methods applied tc MSRE fuel saggles
shoved nc anomalies and excellent purity. Elugging
material in the offgas line proved tc ke oil deccrmposition
products. Studies cf rhysical chemistry of molten fluoride
and the chemistry of Pa and fissicn fprcduct extractior
continued. The latter included distillation, reductive
extraction into liquid metals and oxide precipitaticn,.
Fabricaticn frcgressed cn a molten-salt loop to ge in the
CER,

*analytical chemistry + #*chemistry + *experience + IMSFE +

Accession Number ACL6S00C7 toc ACDGECC1I1
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ACD66C011 *Ccntinuedx

data + distillation + in-pile tests + ligquid getals +
molten salts + off-gas systems + oxides + precipitation +
protactinium + rare earths + reducticn

OTHER CATEGORIES: MCD + DXX + ICA + LIDA + CXX

ACD660017 -

(Staff Regport)

CHEMISTRY (CHAE 7, MSRP SEMIANN PROG RBPT 8/ 1/66)
Oak Ridge Naticnal Laboratory, Tenn,

ORNL-4037 (Aug. 1966), pp 134-200, 24 fig, 42 ref.

The table of contents. is as fcllcws, Behavicr cf Fuel
and Ccclant Salts in MSBE. Physical Chemistry cf Fluoride
Melts; Viscosity and Censity of Mclten Beryllium Fluoride;
Transpiration Studies in Support of the Vacuum Listillation
Process; Fstimated Thermophysical Prcrerties ¢f MSBR Coclant
Salt. Separaticn ip Molten Fluorides: Extracticn of Rare
Earths from Molten Fluorides intc Molter Metals; Reroval
of Rare Earths frcm Molten Fluorides by Simultaneous
Frecipitation with UF3; Removal ¢f Protactiniur fror
Mclten Fluorides by Oxide Precipitation; Extraction of
Protactinium from Molten Fluorides intc HMolter Metals;
Protactinium Studies in the High-2lpha Plolten-Salt
Laboratory.  -Radiation Chemistry: Xenon Diffusicn and
Possible Fcrmation c¢f Cesium Carbide in an MSEF; Fission
Product Eehavior in the MSRE. Developrent and Evalua ticn of
Analytical Methods fcr Mclten-Salt Beactors: [etermination
of Cxide in Radioactive MSRE Samples; Sgectrcphctcmetric
Studies cf Molten-Salt Redctor Fuels; Voltammetric and
Chronopotentiometric Studies ¢f Uranium in Mclter
LiF-BeF2~2rF4; In-Line test Facility; Analysis of Heliunm
Blanket Gas, - Development and Evaluaticn of Ecuipmernt and
Procedures fcr Analyzing Radioactive KSFE Salt Samples:
Samples Analyses; Quality-Control Prcgram.

*analytical chemistry + *beryllium fluoride + *capsules +

*experiment ¢+ *fission products + *graghite +

*hydrccarbcns + *MSRE + %*ncble metals + #*oxides + v

*physical properties + *rare e€arths + *xenon + actirides +

analysis + behavior + borc¢n triflucride + cartides + cells +

circulation + compat1b111ty + ‘concentration + cores + :

corrosicn + corrosicn prcducts + cover gas + decay +

density + deposition + diagrams ¢ dlssclvan + distillaticn +"

electrical proferties + ertrainment + eguilibrium +

examinations + fission + fluorides ¢ fluorckcrates +

gamma radiation + gamma sgectiometry ¢ gases * Hastelloy N ¢

inert gases + lithium Tfluoride + mplten salts +

oxide precipitation process + phase equilibria +

progress report + protactinium + protactinium ftlucrides +

rare gases + research + sampling + specific heat +

uranium fluorides + vapor pressure + viscosity

ACD670019

Bccession Number ACD6ECC11 to ACD67CC1S
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ACD67C019 *Ccntinved®
(Staff EReport) :
CHEMISTRY (CHAP. 7, MSRP SENMIANN. FEOGR. REPTI. 2/2E,€7)
Oak Ridge National Laboratory, Tenn.
ORNL-4119, (July 1967), pp. 118-166, 13 fig, 39 ref.
The following tcpics are included in the table of
contents: Chemistry of the MSRE, Fuel s=alt ccmpcsiticn
and purity, MSRE fuel circuit corrosion, Extent of UF4
reduction during MSRE Fuel preparation, Adjustgent cf the
. UF3 concentration in the MSRE fuel salt, Fission product
behavior in the MSRE, long-term surveillance specimens,
Uranium analyses of graphite specimens, Fuel salt samiles,
Effect of operating ccnditions. Effect of beryllium
additions, Pump bowl volatilizaticn and plating tests,
Uraniuc cn pumfp bowl metal specimens, Freeze valve capsule
experiments, Special pump Lowl tests, General discussicn
of tissicn product behavior, Fhysical chemistry of
fluoride melts, The oxide cheristry cf LiF-BeFZ2-ZrF&
mistures, Sclubilities cf SmF3 and NdF3 in HMolten
LiF-BeF2 (66-34 mole %), Possikle MSBR tlanket-salt
mixtures, Seraraticns in molten fluorides, Eemoval of rare
earths from molten fluorides ty precipitaticn cr solid
UF3, Extraction of fprotactinium from molten fluorides into
molten metals, Extracticn of rare earthks frcr nclten
flucrides into molten metals, Protactinium studies in the
high-alpha molten-salt latoratory, Preliminary study cf
the system LiF-ThF4-PaF4, Development and Evaluation of
analytical methods for molten-salt reactors, Determinaticns
of cxide in MSRE salts, Determination of U (3+)/0 (4+) ratios
in radioactive fuel ty a hydrcgen reduction methcd, ENMF
measurements cn the Nickel-Nickel (IT) couple in Molten
fluorides, Studies of the anodic uranium wave in molten
LiF-EeF2-ZrF4, Spectrophotometric studies cf mclten-salt
reactcr fuels, Analytical chemistry analyses of radioective
MSRE fuels, Sample analyses, Cuality ccertrcl rrcgrar.
*analysis + *analytical chemistry + #*cells + tfchemistry +
*fuels + #*graphite + *noktle metals + *cxides +
*protactinius 4+ ¥*protactinium fluorides +
*reductive extraction process +¢ *sampling ¢
*surveillance + berylliur flucride + bismuth + capsules +
chemical properties + chemical reactions + cogpatibility +
concerntraticn + ccrrcsicn + ccrrosion products +
electrolysis + gamma spectrometry + hot cells +
in-pile tests ¢+ liquid metals + lithium fluoride +
materials + materials testing + metals + mclyldenurn +
MSRE + nickel + nickel alloys + progress report +
rare earths + secondary salts ¢ testing ¢+
thorium fluorides + uranium fluorides + zirconium flucride
CTHER CATEGCRIES: CXX + [XX + MCD

ACD67C020

Accession Number ACD67C01S to ACD67CCZ(C
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ACD67C020  *Centinued*

(Staff Report) o ' o .

CONVECTION LOOP IN ORR (LHAP. 8, MSEP SEMIANN. PROGR.

REPT. 2,/28/67)

cak Ridqge KNational Laboratory, Tenn. ' '

ORNL-4119 (July 1967), rfp. 167-173, 0 fig, 4 ref.
Irradiation of the first molten salt corvecticn 1lcof
experiment in the QOak Bidge Research EKeactor was terminated
Aug. 8, 1966, after development cf 1.1 x 1C(1¢§)
fissicnsy/cc (0.27% U-235 burnup) in the LiF-EeF2-2r F4-UF4
{(65.1€6-2€.57-4.90-1.36 mole %) fuel. Average fuel power
densities of up to 105 w/cc were attained in the core,
.which vas made of MSRE Grade graphite. The takle of
contents for the report on these experiments ccrtains the
following topics:  Cbjectives and description, First loop
experiment, In-pile irradiation assemkly, Oferaticns,
Cherical analysis cf salt, Corrosion, Fission products,
Nuclear heat and neutron flux, Hot-cell exariraticn of
compcnents, Evaluation c¢f system performance, Heaters,
Coolers, Temperature control, Saxpling and additicn, falt
circulation, Second in-pile irradiation assemkly, Operation.

*experiment + #*fission products + *gamma radiaticn +

*graphite + *Hastelloy N + *leaks + noble metals +

*thermal convection + actinides ¢ analysis +

beryllium fluoride + circulation + compatibility ¢ cores +

corrosion ® decay + dismantling + examinaticns + fissicn ¢

fluorides + molten salts + gamma spectrometry + hot cells +

lithium fluoride + materials testing + MSKE +

progress report + radiaticn damage + research + samgling +

stress + stress rupture + uranium fluorides ¢+ uranius-235

ACD67C026

Grimes ®WR . - e ‘ '

CHEMISTERY (PART 3, MSRP- SEMIANN. PROGR. REPT. 8/31,€7)

Oak Ridge:Naticnal-Laboratcry, Tenn., ,

CRNL-4191 (Dec. 1967), pp. 102-175, 39 fig, 6€ ref.
Sampling of the MSRE fuel dnd coolant salts is descrxteo
and the analyses are lnterpreted. "Results frcer
exaczinations of metal and graphite surveillance specifgen
from the core and of specimen exgcsed tc pump bcxl ga ses
are presented The fact that metallic f1$$1on products
appear in the cover gas prompted a study of the chemistry
and volatilizaticn behavior of the little~known '
intermediate valence fluorides cr molytdenum. Cxide
flucride equilibria ' in fuel systems was studied in a
research for separation processes. Phase bekavicr,
deccmpositicn pressure-and-corrosiveness of flucroborate
coolants is descriked. Recovery cf prctactinium and
remcval of fissicn products by reductive extraction is
discussed., Developmental ‘studies in analytical chegistry
directed primarily tc improvements in analyses of

Accession Numker ACD67C02ZC to ACD67CC26
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Category A
Molten-Salt Reactcor Progrars

ACD67C026 ¥*Ccntinued*
radioactive samples of fuel for oxide ard urariue
trifluoride and for impurities in helium offgas from the
MSRE.
*analytical cheristry + *boron trifluoride + icoolants +
*corrosion + *fission products + %xflucrckorates +
*molten salts + *graphite + *cxides + #*rare eartans +
*reductive extraction process + analysis + tehavicr +
beryllium fluoride + bismuth e blanket + capsules + cells +
chemical reactions + chemistry + chromium + ccmpatikbility +
cores + ccrrosion prcducts ¢+ cover gas + decomposition +
distribution + eguilibriur + equipment + experiment +
fissile paterials + gas aralysis + gases + helium +
hot cells + hydrocarbons + impurities + inert gases +
inventories + irradiation + liquidus + materials +
materials testing + mists + molykdenum + MSRE .+
off-gas systems + cxide precipitation process +
phase equilibria ¢ physical properties + prctactiniur +
protactiniur fluorides + radiclysis + rare gases +
reduction + sampling + solubility + solidus +
spectrophctcretry + stability + surveillance + testing. +
thorium + thorium fluorides + uraniuc + uraniur flucrides +
vapor gressure
OTHER CATEGCRIES: CXX + [XX + MCD

ACD67C027

Bohlmann EG

IRRADIATION EXPERIMENTS (FART 4, MSRF SEMIANN. EGBCGE. FEPT.

3/31/67) '

0ak Ridge Naticnal Laboratory, Tenn. :

ORNL-4191 (Dec. 1967) pp. 176-195, 10 fig, 7 ref.
A second thermal convection in-pile 1lcof ccntairing fission
fuel was terrinated when a crack developed in the core
outlet pipe. The crack was caused ty radiaticn
embrittlement of the Hastelloy N and stresses encountered
during a reactor settack, Sufficient ojeratirg time bhad,
hovever, been achieved toc proiuce fissicn product
concentration levels equivalent to equilibriunm inm a-
breeder; therefcre an exhaustive evaluation of the
experiment is presented.

¥*fission prcducts + *gamma radiation + #*graphite +

*Hastelloy N + *in-pile tests + #¥nclle retals +

*therzal ccnvection + actinides + analysis + :

analytical chemistry + beryllium flacride ¢ circulaticn +

compatibility ¢+ ccres ¢+ ccrrcsicn + corrosion products +

decay + dismantling + emktrittlement + examinaticns +

experiment + fissicn + flucrides + aolten salts +

gamma spectrometry + hot cells + leaks + lithium flLCtlde +

materials testing + gclybdenum ¢ MSEE + progress refgort +

radiation damage + rare earths ¢ research + sampling ¢

stress + stress rupture + uranium fluorides

* ACD680015

Accessicn Number ACD67C0Z€ to ACLC68CC15



"

~Page

Category A
Molten-Salt Reactor Erogranms

ACD680015 *Continued*

Grimes WR

CHEMISTRY (EBART 3, MSEP SEMIANN. PROGR. REPT. 2,/29/¢E)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-4254 (Aug. 1%68), pp. 88-173, 55 fig, 102 ref.
The chemistry of the MSRE is édiscussed trom thke standpoint
of fuel compositicn and purity, corrosion chewmistry, and
isotopic composition of the uranium in the fuel. Fission
product behavior in the fuel and in the cover gas is
described.  Results on fissicn prcducts found cr sautples
of grarhite and metal from the core are given. Cther
topics are "Proton FReaction Analysis for Lithiuz and
Flucrine 'in MSR Grafphite® .and "Surface Fhenomena in
Molten Salts"%, Itewms pertaining to thke physical chemistry
of nmolten salts are the thermodynamics of LiF-EeF2 melts
from EMF measurements, and electrical properties cf melts.
The chemistry cf silica in 1iF-BeF2 melts is presented. A
Molten Salt Chemistry Informaticn Center is described.
Synthesis and properties of molytdenus and nicbium
flucrides is discussed. - Feprocessing of fuel Lty reductive
extraction into molten Ltismuth is described, «ith srecial
emphasis cn prctactinium recovery. The behavior of BI3 and
fluoroborate mixtures is examined fror the stardpcint of
rhase relaticns, ncn-ldeallty, thermodynamics, corrosion
and compatibility.

actinides + berylliunm + beryllium fluoride + bubbles +

capsules + cells + concentration + ccolants + corrcsicr +

cover gas ¢+ decomposition + distribution +

electrical properties + electrical conductivity +

electrolysis + equilibriur + examinations + experiment +

fissile materials + fuel-preparation ¢ camma spectrcroetry +

Hastellcy N + heat transfer + hot cells +

hydrofluorination + hydrogen + in-pile tests +

interfacial tersion + irradiation + ligquidus’ +

lithium fluoride + materials + mists + MSRE + '

off-qas systems + oxide precipitation process + oxides +

oxidation ¢ phase eguilikria ¢ progreéss regcrt +

protactiniur + fprotactinium fluorides + rare gases +

reaction rates + reduction + research + sampling +

sodiur fluoride + solubility + specific heat ¢

test facilities + testlng + therwal properties . + tbcrlum +

thorium flucrides + uranium + uranium fluorides +

vapor pressure +. viscosity + volatlllty +

zirconium fluoride + *bismuth +

*boron trifluoride ¢ #*chemical properties +

*chemical reacticns + *chepistry + *compatlbllxty +

*corrosion products + *fluorides + *flucrolorates +

*molten salts + *graphite + *noble metals +

*physical properties + *proce551ng t+ ¥rare earthc +

*reductive extracticn prcces c

CTHER CATEGCHIES: CXX + HCE

ACD68CO1€

Accessicn Number ACD680015 to ACD6EC(16
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ACD68CO16 *Continued#

Bohlmann EG

IRRADIATION EXPERIMENTS (PART 4, MSEF SEMIANN. FRCG. FEET.

2/29/68) :

Oak Ridge Naticnal Laboratcry, Tenn.

ORNL-42%54 (Aug. 1968) pp. 174-182, 2 fig, 8 ref.
The isotope balance on a second in-pile convect1cn loct
containing fissioning fuel is given. Fission product
behavior is descrited. In this loop the fuel uwetted the
grarhite, presumably because of trace amounts of moisture
present in the helium used in loading, samplirg and
draining. Acccrdingly a study was made of the effect of
moisture on the wetting of graphite Lty MSRE carrier salt.
Alsc presented is a design for a third in-pile molten salt
convection loop.

actinides + cells + compatibility + cover gas +

experiment + fissile materials + flucrides + fuels +

gas analysis + gases + inert gases + laboratory equipment +

materials ® noble metals + MSRE + sampling + *chemistry +

*examinaticns ¢+ *fissicn prcdects + *molten salts +

*graphite + #*in-pile tests ¢+ *thermal ccnvection

ACD68C022

Grimes WR '

CHEMISTRY {PART 3, MSRP PROGR. REFT. 8/31/68)

Cak BRidge EKational Laboratory, Tenn,

ORNL- 4344 (Aug. 1968) pp. 109-199, 57 Fig, 134 Ref.
MSRF chemistry topics include Feasikility cf Fueling wsith
PuF3, Burnup, High Temfperature Fuel-Graphite Compatibility,
and Examination of a Corroded Sarfle Cagsule. Fissior
Product Behavior is discussed in connection with Specimens
from the Core, Analyses for Li and F, ard Surface Phercumena
in Molten Salts. Items under Fhysical Chemistry of Molten
Salts include Molytdenum Fluoride Chenmistry, Alkali
Flucrcborates, Physical Properties of ThF4-containing
Melts, Electrochemical Studies, Spectrascorpy, Oxide
Cheristry, and the Chemistry of Silica in liF-EeF2, Huel
Reprocessing vas studied in experiments cn the Reductive
Extracticn of Pa and of Rare Earths intc Bismuth.
Analytical Studies included oxide determinaticn, U(3+) and
total reducing powver, U(S5+) in l1iF-BeF2-2ZrFu4, Ni {0) /Ni(+)
couple, Cr(2+), Hot Cell Spectrorphotcreter, Sgectra of
U(5¢) and U(6+), a Gas Chromatograph for tke Oft-gas
system, Hydrocarbons in MSEE Helium, Gamma Spectroscopgy,
Fission Froduct Penetration in Graphite, U-235 Arnalyses,
and Deterwinaticn of U.

*anal ytical chemistry + *bismuth + %*cherical ;rope:tlec +

*chetical reactions + *chenmnistry + *compatitility +

*corrcsicn products + *fissicn products + *tluorldes 4

«fluoroborates + *molten salts + *graphite +

*physical fproperties + *processing +

Accession Number ACD680016 tc ACD680022
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ACD68C022 *Continued*

*reductive extraction process + *solub111ty +
*surveillance + berylliur + beryllium fluoride + buktbles +
burnup + capsules + carbides + cells ¢+ chrecmivn +
concentraticn + coolants + corrosion + cover.gas +

density + distribution + electrical properties +
electrical conductivity + electrolysis + equilibriunm ¢
examinations + expansion + experiment + fissile raterials +
fuel fpreparaticn + gamha spectrometry + Hastelloy N +

heat transfer + hot cells + hydrofluorinaticn + bydrcgen +
hydrocen ccrpocunds + interfacial tension + liquidus +
lithium fluoride + materials + mists + MSRE +

noble metals + off-gas systems +

oxide precipitation process + oxides ¢+ cxidation +

phase equilibria + plutonium fluorides + precipitation +
progress report + protactinium + prctactinium flucrides +
rare eartks + rare gases + reaction rates + reduction +
research + samrpling + sodium fluoride + solidus +

specific heat. .+ spectrophctcmetry + test facilities +
testing + thermal conductivity + therral prcpert1e< +
thorium + thorium fluorides + uranium + uranium fluorldes +
vapor pressure + viscosity + volatllxty +

Zzirconium fluoride

GCTHER CATEGCRIES: CXX + [XX + MCD

ACD6BC023
Bohlmann EG -
IRRADIATION EXPERIHENTS {PART 4, MSEF EROGB. FEET. 8/31/68)
Cak Ridge Kational Laboratory, Tenn. ' :
ORNL-4344 (Aug, 1968), pp. 20C-210, 1 flg, g ref.
Examinat ions of the grarhite from an CFF convection lcop
showed the salt had wetted the graphite, ccntrary tc
~previcus exreriences in very dry inert gases. Subsequent
laboratory studies show that-extremely rinute
concentrations of water (approximately 1 ppm) promote
wetting at points of three phase contact of salt, graghite
and gas.s A second Hastelloy~N capsule containing
NaBF4-NaF (92-8 mole %) was’'irradiated for 1460 hr at
600 deg C in three successive spent HFIR tuel elements;
nc-deleterious effects xere observed. Fluorine due to the
delayed neutrons by B-10F3 + N to LiF + alpha + F2 was
deered tc be tolerably low. The jumper section of the NSHE
off-gas llne, 2 ft downstream frcr the fump bewl, was :
reccvered for examipnation. All internal sutfaces were
cove:ed with a thin, soctlike filmw, and no other deposits
were found. A group of fissicn product largely "noble
metals" (Mc, Ru, Ag, Te) were present in quantltles
several hundred times the amcunts expected frce the
inventory of salt present in the deposit; this
substantiated earlier olservations that meta1= cculd be
transferred -in the off-gas,

Accession Number ACD6§0022 tc ACD680023
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ACD680023 *Continued*

*koror trifluoride ¢+ *fission products ¢+ ¥fluoroborates +
*in-pile tests + *noble metals ¢ *0ff-gas systems +
*wetting + bebavior + capsules ¢ chemical reactions +
chemistry + compatibility + coolants ¢ corrcsicn +

cover gas + delayed neutrcns + molten salts + ‘

gamma radiation ¢ gamma sources + gases ¢ hydrocarbcns +
inert gases + inventcries + materials + materials testiang +
mists + MSEE ¢ radiation damage + radiclysis ¢ rare gases +
sodiur fluoride ¢ testing ¢ uranium ¢ uranium fluorides
CTHER CATEGCEIES: NCT -

ACD69CO24

Grimes WR

CHEMISTRY (PART 3. MSRP PROGR. RELFT. 2/28/69)

Cak Ridge Bational Laboratory, Tenn, :

ORNL- 4396 (Feb. 1969), pr. 129-196, 32 fig, 122 ref. ,
MSBE chemistry topics include the uraniur raterial
balance, ccrrosicn, adjustment of U(3+)/Sigma U, and
foaming behavior. Fission product dispcsitict in the MSRE
is described under Examination of Graphite frcm the Core,
Distribution of Fission Products, Fissicn Froduct
Inventory, Off-gas Rnalyses, and Material Reccvered frco
the cff-gas line. Alsc the formation of aerosols fror the
MSRE was studied extensively im a hot cell; additiomally
tracer level studies were also made. The chemistry of the
fluorides of Nk, Mo and Ru was studied ty mass sgectrcscopy.
Under Physical Chepistry of Kolten Salts are 15 items
dealing with such topics as CeF3 {a standin fcr FuF3)
solukility, Zone Melting, Phase Relaticns, Sclubility cf
Th(c) in LiP-ThF4, Densities, Crystal Structure,
Spectroscopy in a Diamond-Windowed Cell, Distributicn of
U(u+) between fuel and (U-Th)C2 Solid Solution, Feference
Electrodes, Concentration Cells, Electrical Ccrductance.
Chemistry in suppecrt cf fuel reprocessing deals with
Teductive extraction of Zr, U, Pa, rare earths, and Th.
Analytical Chenistry is represented by [etermination of
Oxide and Cxidation State, Enf, Vcltammetric, ard
Spectrographic Studies, ketting Pehavior, Contasminants in
Blanket Gas from NaEF4§ tests, and the Deterriraticn of
Bi in MSRP Salts,

*anal ytical chemistry ¢+ *Lismuth + *chewical froperties +

*chemical reactions + *chepistry ¢ %corrosion products +

*axaminations ¢ *fission products ¢ *fluorides +

*fluoroborates + *molten salts ¢+ *graphite + #fliquidus +

*materials ¢ *noble metals + *phase equilikria +

*processing + *reducticn + *reductive extraction prccess +

*so0lidus + #*solubility + *surveillance + .

actinides + berylliur flucride +

beryllium oxide + tlanket + loron tr1f1uor1de + bubhle= +

carbon ¢ cagsules + cells + ccmpatibility + concentration +

Accession Number ACD6EC023 to ACD690024
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ACD69C024 *Ccntinued*

‘coolants + cover gas + density + deposition + diagrams +

distribution + electrical conductivity + electrolysis +
equilibrium + experiment + foaming ¢+ freezing +

fuel preparaticn + fuels + gamma spectrometry +

gas analysis + gases + hydrofluorinaticn + hydrogen +
hydrogen cozpounds + inert-gases + in-pile tests +
interfacial tension + ions + laltoratcry equipment +
lithium flucride + melting + metal transfer process +
mists + MSHFE + off-gas systems +

oxide precipitation process + oxides + ox1dat10n +
physical properties + plutonium fluorides +

potassium fluorides + precipitatior + protactinium +
protactinium fluorides + potassium flucrides +
precigpitaticn + protactirium fluorides +

rare earths + rare gases + reactior rates ¢+ sampling +
secondary salts + sodium flucride + spectrophotometry +
surface tension + thorium + thoriumr fluorides +

uranium + uranium fluorides + volatility ¢ zirconium +
zirconium fluoride *

OTHER CATEGORIES: CXX + DXX + ¥CD

ACD690025

Bohlmann EG

IRRADIATICN EXEERIMENTS (PART 4, MSRP SEMIANN PHROG REBT

2/28/69) :

Cak Ridge National Laboratory, Tenn.

CRNL-4396 (2ug. 1969), p z10. '
The proqgram of in-fpile rolten-salt loops was suspended.
Laboratory experiments showed that the wetting cf gra jhite
that was seen in the ORF molten-salt loop was protakbly
caused by traces of moisture in the gas used tc transfer
salt,

experiment + graphite + inert gases + in-pile tests +

molten salts ¢+ prcqgress report + wetting

ACD690031
Grimes WR ‘ :
CHEMISTERY (FART 3, MSRP PROGR. REPT. 8/31,69)
Oak Ridge Naticnal Laboratory, Tenn.
ORNL-4449 (Aug. 1969), pp. 96-163, 29 fiq, 1CE ref.
MSRE Cheristry topics include the .composition of the fuel,
plutonium material Lalance, and gas tebavicr. Fissior
product behavicr is deduced from surveillance sfpecimers from
latcratory studies c¢f metal fission product chemlstry. A
measurement of the surface tensicn of tle fuel ir the
~reactor is presented. Chemical and physical prcperties of
alkali fluoroborates are given under 10 tofpic beadings
Topics relating to the Fhysical Chemistry of Kolten Salts
include phase relations, hetrccgeneous equilibria,
ligquidus temperature, sclubility of thorium, U(3+)/U(4+)

Accession Numler ACL690024 tc ACD690031
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ACD690031 *Contlnued*
ratic, sgectrur of UF3, concentration cells, electr1ca1
conductance, viscosity, and density. Items c¢f irterest in
connecticn with fuel regrocessing are the reductive
extraction of Pa, rare carths and thoriuw, and also the-
separaticn of zircorium as a platinide. 1In connection with
analytical chemistry, there is oxide deterxinaticn and
removal, U(3+),/U(4+) determination, electroanalytical
studies, spectral studies, hot cell spectrcphctceetry,
and biswmuth determinaticn.

*analytical chemistry + *chemical properties +

*chemiCal reactions + *chemistry + #*coclants +

¥fission prcducts + *flucrides + #*fluoroborates +

*molten salts ¢ *graphite + *physical fproperties +

*surveillance ¢ berylliur +

beryllium fluoride + bismuth + ftoron triflucride +

tubbles + cells + concentraticn + corrosion products +

cover gas + den51ty + distritution +

electrical conductivity 4+ eguilibrium + examinations +

fuel preparation + gamma sSpectrometry + helium +

hot cells + hydroflucrinaticn + hydrogen + impurities +

inert gases + interfacial tension ¢ kinetic eguaticrs +

liquids + lithiur fluoride + materials + melting +

metal transfer process + noble metals +

oxide precipitation process + oxides + phase equilitria +

plutonium fluorides + potassium fluorides + fprecipitaticn +

protactiniur + protactinium fluorides + rare earths +

rare gases + reaction rates + reduction +

reductive extracticn prccess + research + samplzng +

sodium fluoride + solidus + solulkility +

spectrophctcretry + surface tension + testing +

thorium fluorides + uranium fluorides ¢ viscosity +

void fracticns + zirccriur

CTHER CATEGCRIES: CXX + L[XX ¢ MCD

ACD70C024

Grimes WEK

CHEMISTRY (PART 3, MSRP PROGR. REET. 2,/28/70)

Cak Eidge National Lakoratory, Tenn,

ORNL-4548 (Feb. 1970), pE. 93-187, 50 fig, 153 ref.
MSRE chemistry topics discussed are ccrrosicn, afppearance
of NEt-95 in the fuel salt, isotopic composition of U and
Pu, and surface tension and wetting behavior. Fission
product kehavior was demonstrated by samples frcmx the ccre
and from the purp bcwl. Llaboratory studies of the metals
that are fission products are presented. Fcuiteen tofics
are discussed under Physical Chemistry of Molten Salts and
six under Properties of the Alkali Flucicbcrates, 1These
include the oxide chemistry of Pu in molten fluorides, and
the solufkility of the corrosicn groduct, Na3CrF€, in
flucrcborate melts., Basic chemistry work in support of

Accession Numker ACD69GC031 to ACD7C0024
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Category A
Molten-Salt Reactcr Prograts

ACD70C024 *Continued* ‘
fuel reprocessing included distrituticn of Ce, Eu, and Sr
between bisputh and LiCl, and 7 other topics related to
reductive extraction. The followving analytical cheristry
topics are presented: Tetermination of Oxide in MSRE Salt,
Deterrinaticn of U(3+)/Sigma U{4+) Ratios, Spectral
Studies, Tritium in the Fffluent Gases cf the MSRE,
Reference Flectrodes in-Mclten Fluorides, Femoval of Cxide
from NaBF4, Volatile A1C1l3 Complexes. :

*chemical fproperties + *chemical reactions + l0ch<~3mstry +

concentration ¢+ *coolants + *corrosicn +

*fission prcducts + *flucrides + *fluoroborates +

*molten salts + *graphite + *materials + *oxides +

*physical froperties + *progress report + %rare earths +

¥*surveillance + x*tritium +

analvtlcal chemlstty + barium ¢ bismuth + compatibility +

cesium + corrosion products ¢+ cover gas + distributicr +

electrical conductivity + equlllbrxum + fuels + hydrogen +

ions + lithium chloride + lithium fluoride + measurerent +

liguidus + metal transfer fprocess + MSEE + nokle metals +

oxide precipitation process + phase equilikria +

plutopium + plutcniur flucrides + reaction rates +

reductive extraction process + research +

sampling + seccndary salts + sodium fluoride + solidus +

solubility + specific heat ¢+ spectrcphctometry +

surface tension + technclecqy + testing + thorium fluorides +

uranium fluorides + uranium-232 e uranium-233 + urarius-235

OTHER CATEGORIES: CXX + DXX + ¥CD

ACD70C038

Grimes WR -

CHEMISTRY (PABRT 3, MSRP SEMIAKNN PRCG REET 8/31/70)

Cak Ridge PNational Laboratory, Tenn.

ORNqu622 (Aug. 1970), pr 60-118, 35 fig, 143 ref.
Fission product behavior in the MSRE is analyzed in terms of
age cf tke rroducts, time of exposure for short expogures,
surface roughness, flow conditions, and the comparison of

~deposition on graphite with that cn retal. A pcssxble

mechanisz for "smokes" of metallic fission products is
advanced. The chemistry of molyldenur and nicbiux
flucrides is treated. - Various properties of alkali
fluoroborates, including tritium retenticn were measured. -
Phase relaticns, Pu solubility, oxide chemistry, :
entropies and conductances were investicated. Fissicr
product separaticn studies were expanded to include
chemistry of molten chlorides. "analytical methcds beiny
studied include electrochemlstry, stud1es of NaEF4,
coolant salt, and in-line analyses. ,

*analysis + *analytical chemistry + #blsmuth +

*horon trifluoride + *chemical properties +

*chemical reactions ¢ *chemistry + #*coolants + *deposition +

Accession Number ACD700024 tc ACD700038
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Molten-Salt Reactor Eroqrams

ACD700038 *Continued* ,
*electrical conductivity + *fission products + *fluorides +
sfluoroborates ¢+ *graphite + molten salts + *rcble metals +.
*oxides + *processing + *ghysical properties + *rare earths +
sreductive extraction process + *solultility +

¥surveillance + *thercodynamics + actinides +

beryllium + beryllium fluoride + capsules + cells ¢
compatibility + concentraticn + corrosion + diagrams +
distribution + electrical properties + entrainment ¢+
equilibrium + examinrations + experiment ¢+ fissile materials +
fuel preparation + gamma spectrometry + gases + Hastellcy ¥ +
hydrogen ccrpcunds + inert gases + inventories ¢

irradiation + liquidus + lithium fluoride + materials +
measurement + pists + nolybdenum + MSRE + off-gas systems +
oxide precipitation process + oxidaticn + phase equxllhtza +
primary salt + prcgress report + protactinium +

protactinium fluorides + rare earths ¢ reacticn rates +
reduction + sarpling + scdium fluoride + spectrophotometry 4
test facilities ¢ testing ¢+ thermal prcperties + thcrive +
thorium flucrides + uranium + uranium fluorides +

vapor pressure + volatility + zirconiur fluocride

ACE65C008

{Staff Report)

METALLURGY (Chap. 4 MSRP Prog. Rept. 2/28/65)

Cak Ridge National Laboratory, Tenn.

OKNL-3812 (June 1965), fFf. 63-86, 13 fig, 1z ref.
Reaction of Hastellcy N with impure nitrogen apgarently
gave a protective oxide film. Plugs were velded to seal
the MSRE heat exchanger after four tubes had keen removed.
Welds in Hastelloy N showed reascnakly cccd creef and
tensile fproperties. In a fpoorly ueldable heat silicon and
aluminum concentrated in & grain-ltoundary eutectic, Brazing
allcys wvere sought for joints betveen various refractcery
metals and graphite or Hastelloy N. Density, gas evolution,
and porosity vere measured on FESEE graphite., Cxidation
accelerated by thermal cycling led to a crack ir a
Hastelloy N baycnet tube in a development test., Plans for
Hastelloy N creep measurements in the ORR and the MSRE
surveillance rig are described.

drain tanks + scaling ¢ cracks + tungsten + tantalun +

alloys + ccmpatibility + corrcsion + creep + development +

ductility ¢+ embrittlement + eguipment + exagizaticns +

failures + ricrcstructure + brazing ¢+ graphite +

Hastelloy N + heat treatments + impurities + in-pile tests +

inspection + irradiation ¢ jcints + materials +

materials testing + mechanical properties + metallcc:aphy +

petallurgy + metals + wclybdepum + nitrogen +

progress report + radiation damage ¢ rupture +

stress rupture + surveillance + testing + welding

CTHER CATEGCRIES: EAX + FBX + GEX

ACE65C014

Accessicn Number ACD700038 to ACE650014
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Mclten-salt Reactor Frograms

ACE6500 14 *Continued*

(Staff Regcrt) :
METALIUEGY (Chap. 4 MSRP Prog Rept. 8/31/65)
Oak Ridge Nationmal Labcratory, Tenn.

ORNL- 3872 (Dec. 1965), pr 81-105, 20 flq. 11 ref.

Molten fluorides were czrculated in loofs cf Hastelloy N
and type 304 stainless steel, and molten lead in several
steels and Nb-1% Zr. The M4SRE surveillance rig is
described., Irradiaticn creep of graphite is discussed for
advanced reactors, Creep of Eastelloy N is 1epcrted as
affected by thermal and mechanical treatments, prior
irradiation, and simultaneous irradiaticn. Kelding air-
melted but not vacuum-melted Hastelloy ) impaired strength
and ductility., Autoradiography and microprcbe aralysis
showed intermetallic precipitation in Hastelloy N.

precipitation + modified Eastelloy N + alloys +

compatibility + corrcsion ¢ creep + development +

ductility + emkrittlement + examinations + failures +

fluorides + molten salts + micrcstructure + graphite +

Hastelloy N + heat treatments + impurities + in-pile tests +

inspection + iron alloys + irradiation + joints ¢+ lead +

liquid metals + loop ¢ mass transfer ¢+ materials +

materials testing + mecharical froperties ¢+ metallography +

metallurgy ¢+ metals + progress report + radiation darage +

rupture + stainless steels + stress rupture + surveillance +

testing + thermal convection + welding

OTHER CATEGORIES: ECX + FBX + GXX

ACE660012
(Staff Regcrt) : : '
METALIUBGY (Chap. 4 MSRP Prog. Rept. 2/28/€6)
Oak Ridge Naticnal Labcratory, Tenn.
CRNL-3936 (June 1966), pp. 95-121, 18 tiq, 10 ref.
Molten lead was circulated in NB-1% 2r and in a chrcmium-
rolybdenum steel; mclten fluorides in Hastelloy N and type
304 stainless steel, MSRE surveillance specimnerns were
exarined after prenuclear operation. JIrradiation darkened
grain boundaries of Hastelloy N Lut did not irduce reaction
with nitrogen. Develorment of graphite-to-Hastelloy K
- brazed joints included pressure testing with aclten
flucrides Prccurement, characterizaticn, and ¥SER
requlrements of graphlte are describted., 1Irradiation
decreased rupture life and creep ductility of Hastelloy N.
Effects of pre- and postirradiaticn heat treatrerts or
" tensile propettles cf Hastelloy N are shown. Attempts were
made to 1mprove adverse mechan1ca1 p:opect;ec cf Hastelloy N
velds.
alloys + compatibility + corrosion 4 creep + density +
developrent + ductility + electrical conductivity +
embrittlement + equipment + examinations + exfransicr +
failures ¢+ fluorides + mclten salts ¢ microstructure +

Accession Number ACE65C014 tc ACE660012
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ACE660012 *Continued= ‘ ,
brazing ® graphite + Hastellcy N + heat treatments +
impurities ¢ in-pile tests ¢ inspection + ircr allcys +
irradiaticn + joints + lead + liquid metals + loop +

mass transfer + materials + materials testing +

mechanical rroperties + metallography + metallurgy + metals +
molybdenum + nitrogen + physical prcperties ¢ frccuremsent +
progress regport + radiaticn damage + rupture +
specifications + stainless steels + stress rupture +
surveillarce + testing + thermal convection + welding +
tensile properties

OTHER CATEGORIES: EXX + FXX + GXX

ACE660018

Adamsocn GM

BSRP MATEFIALS (Chap. 6 MSRP Prog. Rept 8/31/€€)

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-4037 (Jan. [ 967), pp. 97-133, 33 fig. 20 tef.
Mechanical damage from unegqual expansicr ci Ggraphite and
Hastelloy N required revision and replacement of the MSRE
surveillance rig. Aluminum alloy from a blcwer failure wvas
removed frow the MSRE radiator; simulated tests showeé no
damage of aluminum to Hastellcy N. Graphite studies
included characterizaticn of several grades, measurement of
creep under irradiation at 700 and 10C0 deqg C, btrazing to
molybdenum and Hastelloy N, and molten-salt ccorrosion of
brazed joints., Observations cn Hastellcy N irclude gccd
veldability with titanium modifications but poor with
zirconium, postirradiation ductility imfroved by titarium
additions but not tungsten or niobium, and extecnsion cf
creep studies to 982 deg C. Mclten flucrides were
circulated in locops of Hastelloy N, type 304 stainless
steel, and NB-1% Zr clad with type 44€ stainless steel, and
Croloy 9. A Crolcy 94 loop circulating lead plugged aud
was examined.

heat exchangers + lead + zirconium + tungsten + iron alloys +

aluminum + alloys + brazing + corrocsicn prctecticn +

columns ® ccmpatibility ¢ corrosion + creep + density +

development + distillation e electrical conductivity +

embrittlerent + ductility + equipment + examinations +

expansion + failures + fluorides + molten salts +

fluorcborates + graphite + Hastelloy N + heat treatments +

in-pile tests + inspection ¢ irradiaticn ¢+ jcints + lccf +

mass transfer + paterials + materials testing . e

measurement ¢+ mechanical properties ¢ metallccraphy + .

metallurgy + metals + modified Hastelloy N + molytdenum ¢

MSRE + physical properties + procurement + [ILCQress I€fCLt +

radiation damage + reliability + rupture + stainless steels +

stress rupture + surveillance + testing + Coe

alloy compcsition + welding + liquigd metals

CTHER CATEGCRIES: EXX ¢+ FXX + GXX

ACE67C021

Accession Numbker ACE660012 to ACE670021
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ACE67C021 *Ccntinued*
Cook WH + ¥cCoy HE + Kennedy CR + Wernerc HJ + Litpar AP +
Canonicc DA + Haseltine DN .
MOLTEN-SALT BEACTOR PROGRAM MATERIALS |Chap. € MSRP Prcq.
Rept. 2,28/61) »
Cak Ridge RKational Laboratory, Tenn.
ORNL-4119 (July 1967), Fpre 95-117, 2C fig. 11 ref.
The first Hastelloy N surveillance specimens were removed
from the MSRE, and tensile properties, rarticularly
ductility, are shown as functions of temperature and strain
rate, Hastelloy N was unaffected by ccntact with aluginunm,.
MSBR grarhite studies included requirements, studies of
prospective grades, irradiaticn plans, and brazing to
Hastelloy N. Loops are descrilted to study ccrrcsicn cf
Hastelloy N, stainless-steel-clad niobium-13% zirconium, and
type 3041 stainless steel in mclten salts.
alumipum + brazing + compatibility ¢ corrosion +

emprittlement + ductility ¢ examinations + fluorides +

mclten salts ¢+ flucrcbcrates + graphite + Hastelloy N +
heat treatments + in-pile tests + irradiaticn + lccp +
mecharical rroferties + metallography + MSEKF +

progress report + stainless steels + surveillance + testirng
OTHER CATEGORIES: EDX + FBX + GAX

ACE670028

McCoy HE + Weir JR

MATERIALS LEVELOPMENT (Part 5 HSRP Prog. Rept. 8,31,€7)

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-4191 (Lec. 1967), pp 196-238, 37 fig, 24 ref.
Creep and microstructural results are given fcr Hastelloy N
MSRE surveillance sfecimens; microstructures include weld
metal and modified alloys. Othker Hastelloy N studies
include aging mcdified alloy, weldability of zirconium-
modified alloys, precipitate mrorrhcloqy, residual welding
stress, corrosion by molten salts, tellurium compatibility,
titanium diffusion, and compatitility with graghite.
Graphite studies include fprocurement, physical and

- mechanical characterization, fatricaticn, ccatirg with
mclybdenum, gas impregnation, and start of HFIR
irradiation. Molten salt corrcsicn tc type 3C4 1
. stainless steel, Crclcy 9%, and a graphite- to-molybdenum

brazed joint were also studied.

diffusion + iron allcys + zirconium + elasticity +

alloys + brazing + carbides + ccatings + compatibility +

corrosion + creep + density + deposition ¢+ develcpment +

electrical conductivity + embrittlement + ductility +

equipment + examinations + falrication + failures +

fluorides + molten salts + fluoroborates + graphite +

Hastelloy K + heat treatments + impregnation +

in-pile tests ¢+ inspecticn + irradiation + joints + lcop +

mass transfer ¢+ materials + materials testing +

Accessicn Number ACE67002z1 to ACE67(CCZ8
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Mclten-Salt Reactcer Prograis

ACE67(0028 *Ccntinued*

measurement + mechanical properties + netallccraphy +
metals + mcdified Hastellcy N + molybdenum ¢ FSRE +
physical properties + precipitation + frocurerent +
progress regort + radiaticn damage + reliability +
rupture + sealing + stainless steels + stress rupture +
surveillance + testing + allcy composition ¢ ueldlng +
X-Lays

OTHER CATEGORIES: EXX ¢ FXX + GXX

ACE680017

McCoY HE + Weir JR : : ‘

MATERIALS CEVELOPMENT (Part 5 MSRP Prog. Refpt. 2/25,6€)

Oak Ridge Naticnal Labcratcry, Tenn,

CENL- 4254 (Mug. 1968), pp. 183-240, 43 fig, 33 ref.
Hastelloy N 1nvest19at1on< include creeg of MERE
surveillance sgecimens, effect of strain rate on ductility
of irradiated and control specimens, creep ct rcdified
allcy, electron micrcsccpy of effects of silicon and
titanium on precipitate morphology, titaniur diffusior,
weld stresses, weld development, oxidation, and corrosion
of standard and modified alloys Lty varicus mclten salts.
Grarhite studies include procurement, density, :
microstructure, increase in gorosity by cxidaticr, x-1ay
diffraction, gas impregnation, sealing withk mclybdenus,
ultrasonic measurement cf elastic properties, and brazing
to molybdenum and Hastelloy N. Also studied were
irradiation of brazing alloys, ultrasonic inspection cof
brazed joints, and electrical resistivity cf scdified
Hastelloy N.

alloys + brazing + carbides + ccatings 4 compatibility +

corrosicn + creep + density + deposition + development +

electrical conductivity ¢ emkrittlement + ductility +

equiprzent + examinations + fabrication ¢ failures +

fluorides + molten salts ¢+ fluorokorates + grarhite +

Hastellcy N + heat treatments ¢ impregnation +

in-pile tests + inspection + irradiaticn + jcints f lccy +

rass transfer + materials ¢ materials testing + measurement +

mechanical properties + metallography ¢+ wetallurgy + metals +

modified Hastelloy N + wmclybdenum + ¥SEE + oxidation +

physical properties + precipitation + frocurerment +

progress regport + radiaticn damage + reliability +

remote welding + rupture + sealing ¢ stainless steels +

streses rugture + surveillance + testing +

alloy composition + welding + x-rays + tensile prcrerties

OTHER CATEGORIES: LEXX + FXX ¢ GXX

ACE680024

HcCoy HE + Weir JR

MATERIALS LCEVELCEMENT (Part 5 MSRP Prog. Re;t. 8/31/6&)
Oak Ridge Naticnal Laboratory, Tenn.

Accession Numlter ACE670028 to ACE680024
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ACEGBOOZQ *Continued*

ORNL-4344 (Feb. 1969), pp. 211-290, 6¢ fig, 3z ref.
Graphite and Hastelloy N surveillance specimers uere
remcved from the MSRE and replaced; creep tests were run on
removed Hastelloy N and two modified allcys, Etffcrts on
several grades cf graphite include procurement, density,
resistivity, permealtility, Lend testing, x-ray diffraction,

* gas impregnaticn, sealing with molybdenum, HFIF irradiation,

and small-angle x-ray scattering, Effects cf titaniun
content and irradiation temperature on creep, effect of
aging on tensile properties, weldability, and mclten salt
corrcsion were studied cn modified Hastelloy N. Stancard
Hastelloy N studies included resistance to salts and air,
transiticn jcints with graphite, mechanical properties of
velds in irradiated specimens, and fluted tubirg.
Ptecipitate morpholcgies were studied in both, Cther
corrosion studies included Haynes allcy No. 2% in
flucrchorates, stainless steel, and a chemical separatlon
still. BEearing coatings were studied by x-ray diftraction.

alloys + tearings ¢ brazing + carbides + cermets +

coatings + columns + compatitility ¢+ corrosicr + creegp +

density ¢+ deposition + develcgment + distillation +

electrical conductivity + emirittlement + ductility +

cokalt + equiprment + exarcinations ¢ expansion +

fabrication + failures + fluorides ¢+ mclten salts +

fluorcborates + graphite + hafnium ¢+ Hastelloy N +

heat treatments + impregnation + in-pile tests +

inspection + irradiaticn + €qcints + loop + mass transfer +

materials + materials testing + measurement +

mecharical properties + metallography + metallurgy + metals +

rodified Hastelloy N + molytdenum + MSBE + cxidaticr +

physical properties + precipitation + procurement +

progress report + radiation damage + reliakility +

remote welding + rupture + sealing + stainless steels +

stress rupture + surveillance + testing +

alloy composition + welding + x-rays + ten51le properties

OTHEF CATEGCRIFS: EXX + rxx + GXX_

ACE69C026

Eatherly ®E + ¥cCoy EE + Weir JR

MATERIALS DEVELOPMENT (PABT 5, MSRE SEEIANh FEFCG FEET

2/28769)

Oak Fidge Naticnal Labora tory, Tenn.‘

OBRNL- 4396 {(Aug. 1969), pp. 211-268, 54 flg, 44 ref,
Magnetic particles from the MSRE pump Lcwl were cuite
diverse as shown by microgprobe analysis and metallography.
Graphite topics include radiation darage fundamentals

- binder chemistry, hct ;:ecsing, .physical characterization,

thermal conductivity, x-ray diffraction, electrcr
micrcscopy, gas impregnation, and irradiation in HFIR.,
Creep of modified Hastelloy N was studied as affected by

Accessicn Number ACE680024 to ACE69002Z¢
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Mclten-Salt Reactor Erogqrams

ACE690026 *Continued*
titanium and carbon contents, aging, and irradiation at
various temperatures. Flectron micrcsccpy ideptified the
cartide frecipitates formed in Hastelloy N and various
modifications. Corrosion in varicus molten salts and in
air and welding stresses vere measured for Rastelloy X\,
Molten fluoride corrosion was ccmpared for Hastelloy XK,
the modified alloy, and stainless steel, Cther studies
include brazing Hastelloy N tc graphite, brazing
molybdenum, corrosicn of TZ¥ by fluorides, and thermal
cycling of bearing materials.

alloy composition + bearings + bismuth + compatibility +

coolants + corrosion + creep + defects + develcpment +

ductility + embrittlement + examinations + expansion +

fabrication + failures + ferrocalloys + fluorides +

fluorcborates ¢+ forwming + microstructure +

graphite + heat treatments +

impregnation ¢+ impurities + Hastelloy K + in- plle tests +

iron alloys + irradiation ¢ mass transfer + rmaterials +

mecharical properties + metallography + metallurgy +

metals + modified Hastelloy N + molten salts + MSRE +

molybdenur ¢+ physical prcierties + processing +

procurement + progress report ¢ radiation damage + 1ufpture +

sealirg ¢+ stairless steels + stress + surveillance ¢

test facilities + testing + welding ¢ krazing + x-rays

ACE69C032

Eatherly WE ¢+ NMcCoy HE ¢ Weir JR

MATERIAL DEVELOPMENT (PART S, MSRP SEMIANN ERCG bEET €/31/6¢)

Cak ERidge National Lakoratory, Tenn.

ORNL-4449 (Feb. 1970), pp 165-213, 4E€ fig, 22 ref.
Preliminary examinaticn ¢cf grapghite and Hastellocy N
surveillance specimens from the MSRE and tensile results on
the Hastellcy N are repcrted. Graphite studies include
x-ray diffraction determinaticn cf anisctrcpy, e€lectrcen
micrcscofpy, gas impregnation, irradiation erffects to Lkigh
fluences, and interpretation c¢f radiaticn darage. FoI
titanium-mcdified Hastelloy N, creep was studied as
affected by titanium content and aging, and tensile
proferties vere related statistically to several variakbles.
Combinations among Ti, Ef, NI, and Y additicns imfrcved
postirradiation ductility; titanium plus hafniur was lest.
Commercial heats are often infericr to labcratcry-nel ted
Hastelloy N wmodifications. Electron microscopy tracec the
improvements to formation of MC-type carktides. GCther
studies include cormpatibility of Hastelloy N with coolant
salts and other fluids, depositinc tungsten, Lrazing
molybdenum, and remcte welding.

bismuth + coatings + compatitility + ccolants + corrcsicn +

creep + defects + density ¢+ deposition + development +

ductility + emkrittlement + equipment ¢+ examirations +

Accessicn Number ACE69002€ to ACE6SCC32
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ACE890032 *Continued*

expansicn + fabrication + failures + fluorides +

fluoroborates + forming + microstructure +

graphite + hafniur + heat treatments +

impregnation + 1mpur1tles + Hastelloy N + 1n—;11e tests +

irradiaticn + mass transfer + materials +

mechanical properties + metallography + metallurgy + metals +

modified Hastelloy N + mclten salts + MKSRE + molybdenunm +

physical properties + procurement ¢+ prccress repcrt +

radiaticn damage + reliability ¢ remote maintenance +

research + rupture + sealing + steam generatcrs + stress +

surveillance + test facilities + testing + tungsten +

brazing + x-rays

~

ACE70C025

Weir JR + McCoy HE

MATERIALS DEVELOPMENT (PART 5, MSRE SEMIANN EFCG FEET

2/28/170)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-4548 (Aug. 197C), pp 188-276, 83 flg, 45 ref.
Microstructural changes and creep properties sere studied
on Hastellcy N surveillance specimens trom the MSEKE.
Graphite studies include electron damace; dersity,
resistivity, and permeability of promising grades; hot
and isostatic pressing; therwal ccnductivity measurementy
x-ray diffraction; electron microscopy; yas impregnation;
irradiation; and lifetime calculation, Effects c¢f aging,
irradiation, and ccmpeosition on mechanical properties,
electron miscroscopy, weldatility, and ccrrcsicr by
varicus molten salts were studied for modified Fastelloy N.
Back extrusion, welding, and lrazing cf wmolybderur,
compatibility cf alloys with bismuth, coating with tungsten,
and oxidation of steels were 'studied in suppczt cf fuel
reprocessing., Also rerorted are progress in remote welding,
failure analysis of loop compcnents,'and ccopatibility
testing ct bearings

;alloy composition + bearlngs + tls¢utb + cocatings +
‘compatitility + coolants + corrosion ¢+ creep + defects +

dep051t10n + development + emlrittlement + examimaticrs +
expansicn + fabrication + failures ¢ ferroalloys +
fluorides + fluorokorates + forming + micrcstructure +
graphite + hafnium + heat treatments +

impregnation + impurities ¢+ Hastellcy N + ip-fpile tests +
iron alloys + irradiatiorn ¢ mass transfer + materials +
mechanical properties + metallographky + metallurgy +

metals + ncdified Hastellcy N + molten salts + MSFE +
molybdenum + physical properties + procurement +
progress report '+ pyrccarbon + radiation damage +

remote maintenance + rupture + sealing + stairless steels +
steam generatcrs + stress + surveillance + test facilities +
testing + tungsten + welding + trazing

ACE70C039

Accession Number ACFE€9CC32 tc ACE700039
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ACE70€039 *Ccntinued*

Weir JR ) .

MATERIALS DEVELOPMEN1 (PART 4 MSKP EBCGE. FEET., 8/31,70)

Cak Ridge National Laboratory, Tenn. '

ORNL-4622 (Jan. 1971) pp. 119-198, 7%t fig, £1 ref.
Tubing and therscccurle vwells from the FSEFE ccolant circuit
showed very little corrosion. Graphite develcfprmernt
included procurement of new grades, determination of
density, resistivity, anisotropy, and micrcstiructure,
characterizaticn of pitch, building thermal ccnductivity
apparatus, pore sealing, and irradiation effects cn
density, porosity, and rore seals. 1Investigaticns of
Hastelloy N modifications include effects cf titarium
content and aging on hardness, tensile properties, creep,
and postirradiation creep, postirradiaticn creefp of allcys
containing varicus ccmbinations of Ti, Kb, and FE,
weldability, creep of ccmmercially melted allcys, and -
microstructure. Lccfp studies of corrosion included type
3041 stainless steel, Hastelloy N and several mcdified
allcys exposed to fuel, blanket, and coclant salts. The
electron microprobe was used to study tke ccricsicn of
Hastelloy N by power plant steam, and study vas started
on a duplex steam-generator tuke made cf Incclcy 80C and
Nickel 2€6C. Develcpment of processing equipment included
back-extrusion, welding, and trazing cf wmolybderum
compcnents, corpatibility of Mo, TZM, Mo, ME-1% Zr, Ts,
T-111, graphite, FE-5% Mo, and krazed jcints in Mc with
molten bisruth, and depcsition of coatings by reducticn
of MoF6 and WF6 vapcrs and MoF6 dissolved in molten
fluorides. '

brazing + creep + compatibility + contactors ¢+ density +

deposition ¢ ductility + electrical conductivity +

examiraticns + fabricaticn + fluvorides + fluoroborates +

bismuth + graphite ¢+ hardness + Hastellcy N +

heat exchangers + heat treatments + impregnation ¢ iron +

irradiation ¢+ loop + molylkdenum + modified Hastellcy N +

nickel ¢+ procurement + prcgress report + stainless steels +

steam generators ¢+ tantalum + therwral ccnductivity +

velding + alloy compcsiticn + microstructure + molten salts +

niobium ® tensile properties

OTHER CATEGORIES: EXX + FCX + GXx '

ACX640008

(Staff Repcrt) ;

MCLTEN-SAIT REACTCR PROGRAM SEMIANNUAL PROGRESS REPORT FOR

PERIOD ENDING JANUARY 31, 1964

Cak Ridge Nkational Labkoratory, Tean,

ORNL- 3626 (July 1964), 166 p.
Status and progress are reported. Contents are abstracted
and filed in 5 parts: MSRE, Metallurgy, Radiation
Chemistry, Chemistry, and Fuel Frocessing.,

Accession Numker ACE70003S% tc ACXed4CC(8
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ACX64C008 *Ccntinued*
MSRP + progress report

ACX64C014
(Staff Eeport)
MOLTEN-SALT REACTOR PROGRAM SEMIANNUAIL ERCGEESS FEECET
FOR PEEICL ENDING JULY 21, 1964
Oak Ridge Naticnal Laboratory, Tenn,
ORNL-3708 (Nov. 1964), 39% p.
This repcrt is a review in depth rather than a report
- 0of 6 months' progress. It is a ccllecticn cf pagpers

given at an infcrmation meeting at CENL, August 18-19, 1964,

near the end of MSRE construction, The pafpers ccver
the backgrcund and teport the status of the technclcgy
of molten-salt thermal-breeder reactors as of mid-1964.
.Separate abstracts are filed for €ack cf 16 farers,
MSRP + precgress report + 1eviews + technology
OTHER CATEGCRIFS: AEX

ACX65C003

(Staff Report)

MOLTEN-SALT REACTOR PROGRAM SEFIANNUAI ERCGEESS FEECFT FOB
PERIGLC ENCING FEERUARY 28, 1965

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-3812 (June, 1965), 176 p.
Status and progress are reported. Contents are atstracted
and filed in 5 parts: ¥SRE, PFetallurqgy, Radiaticn
Chemistry, Chemistry, and Fuel Prccessirg.

MSRP o prcgress regort

ACX650009

{Staff Regport)

MOLTEN-SAIT REACTCR PROGRAﬁ SEMIANNUAL PROGRESS REPCR1 FOR

PERIOD ENDING AOGUST 31, 1965

Cak Ridge National Lakoratory, Tenn.

ORNL-3872 (Dec. 1965), 156 p.
Status and progress are reported. Contents are abstracted
‘and filed in 5 parts:  MSRE, Metallurgy, Radiation
Chemistry, Chemistry, and Fuel Frocessing.

MSRP + progress report

ACX6€C007

(Staff Report)

MOLTEN-SALT REACTOR PRUGRAN SE?IA&LUAI ERCGFESS EEECET FOR

PERICLC ENCING FFERURARY 28, 1966 ’

O0ak Ridge National Labotatory, Tenn,

CRNL-3936 (June, 19605), 216 p. ' :
Status and progress-are teported. Contents are akstrected
and filed in 5 parts: WMSRF, Metallurcy, Chemistry,
MSBF Design Studies, and MSR Processing Studies

MSRP + Eprcqress regort

ACX660013

Accessicn Number ACX64CCCE to BCX6€CC13
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Mclten-Salt Reactcr Prograrns

ACX66C013 ¥*Ccntinued*

(Staff Report)

MOLTEN-SALT REACTOR PROGRAM SEMIANNUAL PROGRESS REPORT FOR EERIOD

ENDING AUGUST 31, 1966

Cak Ridge WNational Laboratory, Tenn,

ORNL- 4037 (Jan. 1967), 242 p. ' : '
Status and proyress are reported. Contents are abstracted
and filed in 5 parts: MSRE, MSRP Materials, Chemistry, MSBR
Design Studies, and MSR Frocessing Studies

MSRP + progress report

ACX67C015

(Staff BReport)

MOLTEN-SALT REACTOR PROGRAN SEnIALLUAl EBGGEESS EEECET FOE EERIOE

ENDING FEEERUREY 28, 1967

Oak Ridge Naticpal Laboratory, Tenn,

ORNL-4119 (July 196p), 219 p.
Status and progress are reported. Contents are aktstrected
and filed in 6 parts : FSRE, Materials, Cheristry, In-Pile
Loops, MSBF Design Studies, and MSR Processing Studies

MSRP + prcgress regcrt .

ACX670022

{staff Repcrt)

MOLTEN-SALT REACTOR FROGRAM SEHIANNUAL PROGRESS REFPCR1 FOR

PERIOD ENDING AUGUST 31, 1967

Cak Ridge RKational Laboratory, Tenn,

ORNL-4191 (Dec. 1967), 260 p.
Status and progress are reported in six parts uwith
these titles: Mclten-Salt Reactor Experiment, MSER
Design and Development, Chemistry, Molten-calt Irradiation
Experirents, Materials Development, and Kolten-Sait
Processing and Preparation. Separate akstracts are
filed for each rpart.

MSRP + progress report

ACX68C011

(staff PReport)

MOLTEN-SALT REACTOR PROGRAYK SEMIANNUARL ERCGHESS FEECET.

FOR PERICL EXDING FEERUPRY 29, 15€8

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-4254 (Aug. 1968), 282 p.
Status and progress are reported in six parts with these
titles: Molten-Salt Reactor Experiment, ¥MSBR Design
and Develogment, Chemistry, Molten-Salt Irradiation
Experiments, Materials Levelopment, and Molten-falt
Processing and Pregparation. Separate akstracts are
filed for each part,

MSRP + prcgress teport

ACX680018
(Staff Regcrt)
MOLTEN-SALT REACTCR PROGRAM SENIANNUAL PROGRESS REPCRT FOR

Accessicn Number ACXE€001: to ACX6ECC1E
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ACX680018 *Continued*
PERIOD ENDING AUGUST 31, 1968

Cak Ridge KNational Laboratory, Tenn.,

CRNL-4344 (Feb. 1969), 333 p. :
Status and progress are reported in six parts with
these titles: Molten-Salt Reactor Experiment, MSBR
Design and Development, Chemistry, Molten-Salt Irradiation
Experiments, Materials LCevelopment, and Molter-cfalt
Processing and Pregparation. Separate akstracts are
filed for each part. '

MSRP + prcgress regport

ACX690020

(Staff Refpcrt)

MOLTEN-SAIT REACTOR PROGRAM SEMIANNUAL PROGRESS REPCR1 FOR

PERIOD ENDING FEBRUARY 28, 1969

Ccak Ridge National Laboratory, Tenn.

ORNL~ 4396 (Aug. 1969), 307 p. ,
Status and progress are reported in six parts with
these titles: Molten-Salt Reactor Experiment, FSEXR
Design and Development, Chemistry, Molten-Salt Irradiation
Experiments, Materials Development, and kolten-Salt
Processing and Preparation. . Separate alstracts are
filed fcr each fpart, '

MSRP + progress report

ACX69C027

(Staff Report)

MOLTEN-SALT REACTOR PROGRA® SEMIANNUAL ERCGFESS FEECEFT FOR

PERICD ENLCING AUGUST 31, 19¢€9

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-U4449 (Feb. 1970), 25z p.
Status and prcgress-are reported in six parts with
these titles: Molten-Salt Reactcr Experiment, MSBR
Design and Developrent, Chemistry, Molten-Salt Irradiation
Experiments, Materials Levelopment, and Molter—Salt
Processing and Preparation. |Separate atstracts are
filed for each part except Irrad:atxcn Experinerts
where there was no activity.

MbRP + progress report

ACX70€018

(Staff Report)’

MOLTEN-SALT REACTOR PROGRAE SEMIANNUAI EBCGBESS FEECET FOB

PERICC ENCING FEEBRURARY 28, 1970

Oak Ridge Katicnal Labcratory, Tenn.

ORNL-4548 (Aug. 1970), 338 p. :
Status ard progress are reported in six parts with these
titles: Molten-Salt Reactor Experiment, MSBK Design
and Develorment, Chemistry, Molten-Salt Irradiation
Experiments, Materials Levelopment, and Molter-ctalt

Accessicn Number ACX680018 to ACX7CCC1€
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ACX70C018 *Ccntinued* L
Processing and Preparation. Separate alstracts atre
filed for each part except Irradiation Experiments,
vhere there was no activity.

MSRP + progress report

ACX700034

(Staff Repcrt)

MOEDENPERITLCREKCIBE !BGGS!HBS;H]QHBUAL BROGRESS REPOR?

Oak Ridge Naticnal Labcra tory, Tenn.

GRNL-4622 (Jan. 1971), 230 p.
Status and progress are reported in five parts uith _
these titles: MNolten-Salt Eeactor Experiment, MSER Design
and Levelopment, Chemistry, Materials Develcpiert, and
Mclten~Salt Prccessing and Preparation. Separate atstracts
are filed for each part.

MSRP + prcgress refport

ACX710027

(Staff Refgcrt)

BMOLTEN-SAIT REACTCR PEOGRAM SEMIANNUAL PROGRESS REPGR! FOR

PERIOD ENDING FEBRUARY 28, 1971

Cak Bidge Kkational Laboratory, Tenn.

ORNL- 4676 {(Aug. 1571), 277 .
Status and progress are reported in five parts \1th these
titles:; Molten-Salt Reactor Experiment, MSEF Lesign and
Development, Chemistry, Materials Develcpment, ard
Molten-Salt Prccessing and Preparation., Separate akstracts
are filed for each part.

MSRP + prcqgress regcrt

ADX640021
Kasten PR
THE MCSEL REACTCR CONCEPT
Kernforschurgsanlage Julich, Geramany
Froc. 3rd Int. Conf. in Peaceful Uses cf Atcmic Enerqy,
Geneva, (Aug. 31 - Segt. 9 1964), Vol. 6, pp. 363-3€9,
1 fig. 23 ref.
The Mclten Salt Eplthermal (MOSEL) reactor ccrceft features
a ccre fluid cf UF4~NaF-BeF2 and a blanket fluid of
ThF4-NaF-BeF4 separated rky nickel alloy tubes. Processing
is ty flucride vclatility. Farasitic atsorption of
neutrons (predominantly epitherral) 1is noderate ard .
breeding ratios betveen 1.08 - 1.22 appear attainable. The
core concentration is atout 300 ¢ fissile/liter ard fiscsile
inventcry ccst is a major item., Nevertleless fpcwer ccsts
afppe€ar reascnable,.
*breeding performance + *conceptual design + *polter salts +
*reactors + costs + fcreign + flucrination + Hastelloy N +
inconels + inventories + neutron spectra + nickel +

Accessicn Number ACX700018 to ALX64002Z1
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ADX640021 *Continued*
sodiur flucride
CTHER CATEGCRIES: IAF

ADX67COH46

Gat U

COOLING CONCEPTS FOR A COMPACT MOSEI (MCLTEN SALT) FERCTOGF

Kernforschungsanlage Jullch, Cermany

Nucl. Enqrg. and Design 5 (1967) , pp. 113-122, 10 fig,

23 ref.,

This review of engineering possibilities of the MCSEL
reactor considers cooling by direct ccntact cf calt ard
molten lead, either internally or externally to the ccre.
Internal cooling reduces the fuel inventcry ard fuel cycle
costs but concentrate= enq1neer1ng problems in the core
zone,

*conceptual design + ¥lead cooling ¢ *reactors + cores +

foreign + heat transfer + inventories

OTHER CATEGORIES: IAF

ADX690063

Jensen RJ + Swanscn E

UTILITY AEFLICATION CF MOLTEN-SALT BREELCER REACTOR

Northern States Pcwer Co, Minnearolis + Black and Veatch,
Kansas City

Proc. American Povwer Conf. 31 (1969;. pp. 222-230, ¢ figqg,
7 ref.

The MSBR concerpt, supported by the successtul MSFE, is under

study by utilities as a contender with fast breeders for
lcng-range power. 1Its low breeding ratio is otffset by
low fissile inventory and it can use U—233, U-238, cr
Pu as initial fuel. On-site processing is required., A
schedule for 1976 startup ot a 3CC- to £C0-Mke prctctyge
is rresernted.
*electrlcal power + *industry -+ *MSBER + *protctyres +
*utilities + architect-engineering + breedlnq pertcrmance +
converters + economics + natural CE€SCULCES

Accession Numkber ADX64C0Z1 tc ALXH6SCCE3
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Reactor Analysis ' ;

BAX68C006
Perry Ak
INFLUENCE OF NEUTRON DATA IN THE DESIGN CF CTEEER TYIES CF
FPCWER EBREACTOFES .
Oak Ridge Naticnal Laboratory, Tenn. » *
ORNL-TH- 2157 (rarch 1968), 23 p, 5 fig, 10 ref,
This repcrt was presented at the Second Conference on
Neutron Cross Sections and Technology, Washingtcr, Naich
4-7, 1968. The effects of cross-sectior uncertainties
on estimates cf breeding perfcrmance and of pcwer
cost for a molten-salt treeder reactcr are shcurn to
be small. Uncertainty in breeding ratio due to cross-
section uncertainties is less than fplus cr minues C.C2,
and the uncertainty in powver costs is less than plus
or minus 0.3 mills/kvhr {e). Similarly small effects
are shown fcr the high-temperature gas-cooled reactor.
The need for further refinements in nuclear data is
related primarily tc the calculation of temperature
coefficients of reactivity.
*breeding rerfcrmance + *cross sections + *¥design data +
*errors + MSER + nuclear analysis + pcwer ccsts + reactivity +
reactcrs + thoriur + uraniuom-233
CTHER CATEGCEIES: BFX

BRAX700003
Kasten PR + Craven C% + Wright RC
CROSS-SECTICN ANC NUCLEAR-CONSTANT LCATA FOR HEAVY METAL *

NUCLIDES (FUELS)

Cak Ridge National Laloratory, Tenn.

ORNL-1TM-2851 (Rev.) (Apr. 1970) 21 p, 18 £ig, 0 ref.
Cross sections and nuclear constants cf fissile ard
fertile paterials and cf higher isotopes are summarized
in graphical form, tased on ENDF/B data. The resultirg
fiqures permit visual ajppreciation of nuclear data
in present use, and relative ccmparison cf data fcr
the different fissile, fertile, and higher-isotoge
materials., Nuclides considered are Th-2z32, U-23&,
Pa-233, Ng-239, v-233, U-235, Eu-239, Fu-241, U-234,
U-23¢, Pu-240, and Fu-242. The revisicr differs from
the original report only in thke quality of reprcducticn
of grarhs

¥peutron physics + *cross sections + *neutrcn yield +

fissicn + aksorption + *fissile materials + thorium +

uranium + plutonium + neptunium + *data ¢+ isotcpes +

capture + *fertile materials

BBX670012 :
Carlspith RS + Bennett LL 4 Edison GE ¢ Gift FEH + Thomas WE +

Welfare FG *
REVIE®R OF MOLTEN SALT REACTOR FHYSICS CALCUIATICKS [
Cak Ridge XKational Latoratory, Tenn. kﬁd

Accessicn Number BAX680006 to BEX6700 12
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BBX670012 *Continuedx

ORNL-TM-1S46 (Aug. 1967) 59 p, 13 fig, U1 rerf.
A set of calculatxons was made to check the reactivity
and breeding ratio c¢f the reference design of a two-
region, two-fluid MSER. The review ccvered crcss
secticn selection, fission product treatment, multigroup
cell calculations, two-dimensional reactcr criticality
calculations, equilibrium depletion calculations and
startup depletion calculations. 1Inscfar as pcssible,
the cross secticns and calculations methods were made
independent of those used previcusly. The reference
composition gave a k{eff) of 0.95. This discrepancy
was traced to use of a low value for thcriur rescnance
integral in previous calculations. When the reactor
was made critical by the addition of 14% mcre U0-233,
the breeding ratio was 1.062 compared with 1.C%4 in
the previous ‘calculations. " Reoptimizaticn cf the
compcsltlcn would prokatly decrease tkis differerce
in ktreeding ratic,

*calculations + MSBF + *two-fluid reactor +

*breeding fperfcrrance + reactivity + burnup +

criticality + cross sections + fissicn fprcducts +

computer codes + nuclear analysis + #*design data +

*errors + *reviews + thorium

OTHER CATEGORIES: BFX

EFX680009
Perry AN + Spith OL + Kerr HT
NEW DEVELCFMENTS IN MSR PHYSICS
Oak Ridge Naticnal Laboratcry, Tenn,
Summary of paper presented at ANS Winter Meeting,
Wasbkington, D. C., Nov. 10-15, 1968, ANS Transactions 11,
(2) 619, 2 p. o :
Develcrments which rermit separation of protactinium and
fission products from MSK fuel and frcm each cther raise the
possibility of a sirgle-fluid FSEF, The fluid which
contains uranium and thorium is rade tc functicr as bcth
fuel and fertile material by adjusting the degqree of neutron
moderation that occurs in varicus regicns ci a zcned ccre.

' Zoned cores have higher. y1eld= and lowvwer fuel inventories
than uniform cores., Power costs can te reduced (.1 tc 0.3
mils/kwh(e) below those fcr ccmparable uniform cores.
Temperature coefficients of react1v1ty in zcred-ccre
single-fluid reactors are such that dynamic claracteristics
are expected tc be accertable., (Freprints of this paper are
not available but similar, and mcre recent, data are .
presented in Nucl. Appl. and Tech. 8, 208 (Fek., 1970). 3See
BFX700016.)

*MSBR ¢+ *single-fluid roactotc + *breedlng performance +
reactivity + dynamic characteristics + specific inventory +
nuclear analysis + neutron thalCS + tlanket + mcderatcrs +
fuel cycle ccsts

BFX700016

Accessicn Number BBX67C01z to BEX7CCC1E
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BFX70€016 *Ccntinued*

Perry A¥ + Pauman HF

REACTOR PHYSICS AND FUEL CYCLE ANAIYSES

Cak Ridge National Laboratory, Tenn,

Nucl. Appl. Tech. 8, (2) 208 (Feb. 1970), 12 p, 12 fig,

5 ref. :

' General nuclear characteristics, btreeding performance and
fuel-cycle costs are discussed for a reference design,
single-fluid MSBR crerating on a thorius -- uranium-233 fuel
cycle with full chemical processing. Tlis desigr has a
breeding ratio near 1.06 specific fissile inventcry of
1.5 kg/Mw(e), fuel doubling time of 20 yr, and a fuel cycle
cost near 0.7 =2il/kwh(e). Either enricked urarium cir
plutonium may be used as a startup fuel. 1f chemical
processing for Pa isolation and rare-earth rescval is
ormitted, the design has a conversion ratio of 0.8 to (.9.
The fuel cycle cost penalty for cperaticn as a ccnverter is
around 0.1 £il/kwh {e)

*MSBR + *single-fluid reactors ¢ *fuel cycle costs +

*breeding perfcrrance + nuclear analysis + thcrium +

uranium-233 + plutonium + processing + specific invertcry +

rare earths + ncple wetals + fission products +

rare gases + protactinium

BFX70C056

Carlsmith FS + Lane JA

PORER REACTORS FOR THE FUITURE -- AN EVAIUATICH

Cak Fidge National Latoratory, Tenn.

Proc. American Pcwer Conf. Vol. 32 (1970) pp. 98-104,

4 fig, 16 ref.

A review by the AEC cf the U.S. civilian nuclear power
program consisted of twc phases: deterginaticn cf the
characteristics of varicus reactor types and simulatican of
optimal growth patterns using these reactors. 1This
paper regports cn the first phase including uranium, thorium
and plutonium usage, separative wcrk requirements, and
capital, cperating, fuel, and total power costs for 7¢C
fueling variations in 7 reactcr ccncepts. 1Tke figures
repcrted are those that were available in 1967. - 2n M SER
with 1.1 kg/MWe specific inventcry, 1.07 breeding ratic and
capital ccsts around those for light-water reactors had a
total power cost slightly lower than any other reactor.

*breeding performance + *power costs ¢+ *reactcrs + AEC +

capital ccsts + econcmics + fuel cycle costs +

optimizations + natural resources

BGX67C04E5

(Staf f Beport)

SAFETY STUDIES FOR MSBR (PART 5 NUCL SAFEY ERCG ANN EFCG
REET 12/31/67)

Oak Ridge National Labcratory, Tenn.

Accession Numkber BFX700016 tc EGX670045
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BGX670045 *Continuedx*

ORNL- 4228 (April 1568), pr. 287-307, 8 fig, & ref.
These studies, the first reported as part cf tke Safety
Prcgram, are aimed at information needed for satety
criteria for MSBER's., 1Indications are tiat MSBR systens
have favcrable inherent safety and stability
characteristics, that fission-prcduct Lbehavicr strongly
influences emergency cocling requirements, and that MSER
materials are compatitle.

*analysis + *design criteria + *MSBF + #*safety +

afterheat o compatibility + depositicn +

fissicn prcducts + molten ealtc + react1v1ty + stability +

dynamic characteristics

63
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Reactor Chemistry

CAX68C032

Thoma BRE :

CHEMICAL FEASIBILITY OF FUELING MOLIEN SAIT EEACTGCES WITH

PUF3

Oak Ridqge National Laboratcry, Tenn.

ORNL-TM-2256 (June 1968), 37 p, S £fig, 20 ref.
The feasibility of starting molten salt reactcrs u1th
‘PuF3 was evaluated with respect tc cherical ccrpatibility
within fuel systems and to reaoval of plutonium from the
fuel by chemical reprocessing after Pu-239 burncut.
Ccmgatibility within reactor containment systems is
moderately well-assured tut requires ccrfirsaticr of FuF3
sclubility and oxide tclerance before tests can lte made
using the MSRE, Although separation cf plutcricvr and
protactiniue in the chemical reprocessing plant, as wculd
be desirable in a large kreeder reactocr, has rct yet Leen
demcnstrated, ccncegptual designs of processes for
effecting such separations are availatle fcr develofpment.

*chemistry + *compatibility + *dissolving + #*fuels +

*plutonium fluorides + *primary salt + *proccessing +

*separatzanc + actinides + berylliup fluoride +

carriers o chemical properties + copcentraticr +

corrosicn + fluorides + graphite + Hastelloy X +

lithium fluoride + oxides + physical fprcperties +

reactcrs + replacement + stability + thorium fluorides +

uranium fluorides

OTHER CATEGORIES: LDA

CAX690052

Fredricksen JA + Gilpatrick LC + Barton CJ

SOLUBILITY CF CERIUM TRIFLUORILCE IN MOLTEN MIXTURES OF

LIF, BEF2, ARD THF4

Cak Ridge National Laboratory, Tenn,

ORNL-TM-2335 (Jan. 1969), 25 . 9 fig, 7 ref.
The Solubility of CeF3 was determined at varicus
temperatures ir six mixtures >f LiF, BeF2, ThF4 of the type
that may be used to fuel a molten salt treeder reactor.
Comparison of earlier data on the solubility ¢f PuF3 and
CeF3 in flucride sclvents makas it possible to predict that
the solubility of PuF3 in single-region fuel ccrmpcsiticns
at reactor operating temreratures will ke more than
.adequate. The solutility data as a functicn c¢f sclvert
compcsiticn were best ccrrelated by a model that assunmes
BeF2 to be complexed as the BeFU4 (z~) ior and ThF4 as the
ThFE (1-) icn,

*beryllium fluoride + *dissolving + *fluorides +

*liquidus + *lithiur fluciide + *phase equilitria +

*plutonium fluorides + *rare earths + *solubkility +

*thoriuc fluorides + actinides + chemistry + compatikility +

fissile materials + fuels + mixtures + MSBE e MSBR +

replacement + sclidus

CAX690053

Accessicn Number CAX68C03z to C2X690CE3
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CAX690053 *Continuedx
McDuffie HF + McCoy HE + Robertson EC + Scott [ +
Thoma RE
ASSESSMENT OF MOLTEN qAL'Ic AS INTEEFEDIATE CCCLANTS FCF
LMFERS

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-2696 (Sept. 1969), 29 p, 7 fiq, 23 ref.
Several molten salts were considered as intermediate
coolants for LMFBR's. Included were flucride, chloride,
carbcnate, nitrate-nitrite and fluoroborate salts.
Chemical reactions that could cccur ketween scdiur and
flucrchorates lead to the conclusion that cartonates
might be a better choice for LMFBR's, Use cf carbonates
avoids the safety ccnsiderations and related costs thet

" arise from the reactions of sodiuc with vater if steat

generator fails and with air if a coolant pipe ruptures.
In the absence of these safety consideraticns, scdium is
clearly sugericr tc the mclten salts as an intermediate
coolant for LMFBER's because the lcwer tlermal ccrductivity
and bhigher visccsity of the salts would result in higher
equipment costs,

*carbcnates + ¥chemical fproperties + *chemical reactions +

*chlorides + *coolants + *fluorides + *tlucrcktorates +

*¥liquid metals + *LMFBR + *NaKk + *physical properties +

*secondary salts + accidents + afterheat +

applicaticns + behavicr + borcn trifluoride + compatitility +

concentration + containment + corrosion + deccmpcsiticr +

density + econcmics + emergency cooling + failures +

heat exchangers + heat transfer + leakage + leaks +

liquidus + lithium chloride + lithium fluoride + mixtures +

phase equilibria + potassium fluorides ¢ safety +

sodiunm flucride + solidus + specific heat + stability +

steam generators + thermal conductivity + visccsity

OTHER CATEGOKIES: CCX + CEX

CAX690061

Thoma RE + Ricci JE

FRACTIONAL CRYSTALLIZATION REACTIONS IN THE
SYSTEM LiF-BeF2-ThF4 ' ,

Cak Ridge Natiomnal Laboratory, Tenn.

"ORNL-TM-2596 (July 1969), 33 g, 16 fig, 9 ref.

Equ111br1um and non-equilitrium crystallizaticn reacticns
in the system LiF-BeF2-1hF4 are analyzed in relation to
their potential application tc mclten salt reactcr fuel
reprocessing, Hetercgeneous equilibria in the temperature
range from the liquidus at 59C deq C to the sclidus a't

350 deg C are described guantitatively and in detail ty
means of ten typical iscthermal secticns and by three
temperature-compcsition cections., The implications of
metastable fractionation in this temperature interval are
discussed as a pcssible feed control step in reductive

Accession Number CAX6900E%3 to CAX6GCCH1
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Category C
Reactor Chemistry

CAX69C061 *Ccntinued*
extraction reprocessing of molten salt treeder reactct
fuels.

crystallization + data + fluorides + freezing +

measurepent + fprocessing ¢ serarations

CAX710023

Mailen JC + Smith FJ + Ferris LF

SOLUBILITY GCF ELUTONIUM TERIFLUORILE IN MOLTEN 2 LITHIUM

FLUCRIDE~-BERYLLIUM FLUGCRIDE

Cak Ridge National Laboratory, Tenn.

Je. Chem., and Eng, Data, 12 (Jan. 197Y%), 2 p, 1 fig, 7 ref.
The solubility of plutonium trifluoride in rclter 2 lithium
flucride-beryllium fluoride was determined over the
temperature range of 55C-660 deg C. The results can te
expressed by the least-squares equation: 1log S(mole %
plutonium trifluoride) = 3.2305 - 3CS6,/7(deg K). The
sclid phace present at equilibrium was prohably pure
plutonium trifluoride.

*molten salts + actinides + fluorides +

*plutonium fluorides + *solulkility +¢ MSRE

CCX680033

Kohn HW

BUBBLES, DECES, AND ENTRAINMENT IN MOLTIEN SAL1S

Oak Ridge Naticnal Laboratory, Tenn,

ORNL-TM-2373 (Lec. 1968), 21 p, S fig, U2 ref.
The authcr describes prcduction ot droplets from
splashes and bursting Lukbles andé repcrts experirents with
mclten salts which shcwed that jet drops could
preferentially remove a surface film. He ccncludes that
this phenorencn could ccntribute to remcval of metallic
fission products from the fuel salt in the MSRE pump Ltowl.

*bubkbles + *entrainment + *fission products + *molten salts +

*gas injection + *gas separation + *interfacial tensicr +

*pists + *MSRE + *noble metals + *surface tension +

beryllium fluoride + chemistry + circulation + ccver gas +

experiment + fissile materials + fluorides ¢+ foaming +

fuels + gases + inert gases + lithiur flucride +

molybdenur + off-gas systems + fumps + sprays +

viscosity + void fractions

OTHER CATEGORIES: CFX + CJX

CCx680038

Cantor S

PHYSTICAL ERCFEFTIES OF MSR FUFL, COJDLANI, AND FLUSH ESALIS

Oak Ridge Naticnal Labcratory, Tenn,

ORNL-TN-2316 (Aug. 1968), 49 p, 2 fig, 49 ref.
Experimental values or estimates are given for ptopertleb
of seven salts of interest for MSBR's. Prcperties
include viscosity, thermal conductivity, electrical

Accession Numker CAX69C061 tc CCX6€0C38
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Category C
Feactor Chemistry

cCcx68€038 *Ccntinyedx
conductivity, phase transition tkehavicc, specific heat,
heat of fusion, density, expansivity, compressikility,
vapor pressure, surface tension, and gas sclukilities.
*data + * fluorides + *flucroborates + #*physical properties +
density ¢ solukbility + specific heat ¢+ surface tensicr +
thermal ccnductivity + viscosity

CDX670035

Malinauskas AP + Rutherfcrd JlI + Evans(III) RE

GAS TEANSECRT IN MSRE MOLERATOR GRAPHITE., I. REVIEW OF

THEORY AND COUNTERDIFFPUSICN EXPERILIEENIS

Cak Ridge kational Laboratory, Tenn,

ORNL- 4148 (Sept. 1967), 39 p, 7 fiqg, 6 ref.
The authors develop equations descritinc gas trarspcrt in
porcus media. The experimental findings are limited lut
significant. Under MSRF conditicns it arpears guite
justifiable to igncre ncrmal Jiffusion effects in gas
transport computations so that all tke casecus-diffusicn
infcrration necessary tc correlate fission-procduct-
migration data can te gained through simple fermeability
measurements, The rcre complex interdiffusion experiments
are not required. Thus a comrlete flow-prcperty survey
of all MSRE moderatcr materials can be performed with a
minimum expenditure of time and eftfort.,

xdiffusion + *xfissicn p:cduct= + *gas flow + *grapn1te +

*MSRE + *xenon + analysis + lehavior + concentraticr +

deposition + design criteria + distribution + films +

fluids + inert gases + materials + peasurenment +

moderators + physical preorerties + rare earths + testing

CTHER CATEGCEIES: EEX

CEX640018
Blankenship FF
EFFECTS OF RADIATION ON THE CCMFATIBLLITY CF MSRE MPTIEIALS
(PAET CF ¥SREF SEMIANN PBOG REPT 7/3 1/6“)
Oak Bidge Naticnal Labcratory, Tenn.
CRNL-3708 (Nov. 1964), pp 252-2€67, 1€ tig, 4 ref.
Capsules cortaining fuel =alt, graphite, INCF-8 and
molybdenun were irradiated in:the MTE and later exalined
at CENL. Fnhanced attack and other ancgsalcus effects .
‘appeared tc be due to fluorine that was produced Ly -
radxolysxs of frozen salt at low temperature. Much of this
article is ccncerned with investigation of this phenomenon.
Typical radiolytic yield ot flucrine trcm frczer fuel salt
vas 0.02 molecules per 100 eV absorbed energy. Internal
' recombination was sufficient tc prevent any evcluticn of
gaseous fluorine at temperatures above about 80 deg C.
capsules + compatibility + experiment + flucrine +
graphite + in-pile tests ¢+ irradiation + paterials +
polten salts + molybdenum + MSRE + radioclysis +

Accessicn Number CCX680038 to CEX64CC1E
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Category C
Reactor Chemistry

CEX640018 *Continued*
recomtination

CLX700010

Hautenreich PN , .

" FLUORINE ERCLUCTION AND RECOMEINATION IN FROZEN MSR SAL1S

AFTER REACTOR OPERATION

Cak Ridge National Laboratory, Tenn.

ORNL-TN-3144 (Sept. 1970) 36 f, 9 fig, 12 ref.
Exposure of capsules of MSR fuel salts in the MTR between
1961 and 1964 showed that when the salt was chilled
below about 80 deg C, F2 was produced by radiolysis
at a rate of 0.02 molecules/1CC ev., Other experiments
ccnfirmed the radiclysis cf frozen salt and provided
data on the effect of temperature on recombinaticn,
The data on yield ard reccmbination have recently been
revieved and used in answering questicns invclved in
storing and disposing of irradiated salt from the MSRF
and future molten-salt reactors. The €erercy scuice
in the MSRE salt is low enough that no fluorine evolution
is expected for over a year after heatirg tc induce
recosbination., Salt from a high-power FSR can te stored
in bare cans with no fluorine evcluticn if the surrcurdings
are kept at abcut 200 deg F.

*fluorine + *polten salts + *radiolysis + *stcrace +

*waste disposal + afterheat +# analysis + experiment +

heat transfer + YSRE + primary salt ¢ reacticr ratecs +

recomtination

CXX640020

Grimes WR i

CHEMICAL BASIS FCF MOLTEN-SALT REACTORS (PARKT OF MSEP

SEMIANN PROG REPT 7/31,/64)

Cakx Ridge National Latoratory, Tenn.

ORNL-3708 (Nov. 1964), pre. 214-251, 2zS ref.
Requirements of high-temperature fluid-fuel reactors
are best met by rixtures of fluorides including UF4 and
ThP4, which have lcw vapor pressure, good heat transfer
properties, little parasitic atscrpticr cf neutrcns,
and immurpity tc radiaticn damage. The selection and
characteristics of MSRF fuel and coclant salts are
discussed.

chemistry + coolants + fluorides + fuels + mclten salts +

MSRE + MSRP + rhase equilibria + physical properties +

reviewss , '

CXX70C049

Grimes WR

MOLTEN-SALT REACTOR CHEMISTIRY

Cak Ridge National Laboratory, Tenn.

Nucl. Appl. Tech. 8, 137 (Feb. 1970) 19 p, 8 fiq, 58 ref.

Accession Numker CEX640018 to CXX700049
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Category C
Reactor Chenmistry

CXXx70C049 *Ccntinued* :
Considerations leading to the chcice cf MSR fuel
compcsiticn are discussed under the headings: FEhase
Behavior Among Fluorides, Oxide Fluoride Phase Bebavicr,
MSRE and MSBR Fuel Compcsiticns and Choice of Coolant.
Physical properties of fuels and coolant are tabulated. 1In
connecticn with the chemical compatibility of MSER
materials, topics included are: Thermcdynarmic Data fcr
Molten Flucrides, Oxidation (Corrosion) of Metal and
Compatibility of Graphite with Fluorides. Cherical
behavior in the MSRE is discussed in terms of Behavior of
the Fuel Components, the Corrcsicn Products and the Fissioa
Products, Separations chemistry is treated in terms cf
Separaticn of Prctactinium and of Fission Eroducts by
several methods including Reducticn., Wkile ruch research
and develorment rerain to be accomplished, it is
demonstrated that there is no fundamental cherical
difficulty with design and oreration of a single-fluid
molten salt breeder systen.

*behavior + *bismuth ¢ *chemical properties +

*chemical reactions + *chemistry + *comratitility +

*coolants + *ccorrcsicn + *corrosion products +

*equilibrium + #*fission products + *flucorides +

*fluoroborates + *fuels + *graphite + *FSRF +

*noble metals + *oxide precipitaticn prccess + *cxides +

*protactiprium flucrides + *seraraticns + actinides +

teryllium fluoride + berylliur cxide + boron triflucride +

chromium + components + concentraticn + density +

deposition + dissclving + experiment + fissile materials +

gases + Hastelloy N + liquid metals + liquidus +

lithium flucride + mass transfer + melting + pists + MSEFE +

MSBR + phase equilibria + physical rroperties +

primary salt + prctactinium + radiation damage +

rare earths + rare gases + reaction rates + fuel cycle +

sampling + single-fluid reactcrs + solidus + solubility +

thermal conductivity + thorium fluorides +

uranium flucrides + uranium-235 + vapor pressure +

viscosity + zirconium fluoride

Accessicn Number CXX70004S to CXX7CCC4cS
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Category E
-Graphite

EBX69C039

Greenstreet WL + Smith JE + Yahr GT + Valachcvic RS

THE MECHANICAL BEHAVIOR OF ARTIFICIAL GEAFHITES AS

PORTRAYED BY UNIAXIAL TESTS ’

Oak Ridge National Labcratory, Tenn.

ORNL-TM-2727 (Lec. 1969), 46 p, 27 fig, 5 ref,
Tensile and corfressive stress-strain curves were measured
and combined with previous measurements to shcw behavicr of
several specimens of reactor-grade graphite, principally
AGOT, under several conditions of cyclic lcading and
unlcading. Hysteresis was considerable but diminished
on successive cycles, Lecoming very small after several
cycles.

graphite + compressive properties + tat1gue +

tensile prcrerties + testing

EBX700041

Yahr GT ,

DETEREINATICN CF RELATIVE THEBMAL RUPTURE RESISTANCES OF

GRAPHITES

Cak Ridge National Laboratory, Tenn.

ORNL~- 44€7 (Jan. 1970), 47 p, 18 fig. 42 ref.
Polycrystalline graphite has rerarkatle resistacce to ‘
therral-stress-induced fracture. Nevertheless, selection
of a particular grade of graphite for certain aprlicaticns
must include ccnsideraticn of this property. Currently the
type and grade of graphite are often selected cr the ltasis
of elastic analyses, since thermal shock tests are toc
expensive. for screening devices, This repcrt describes a
test rapid and econcmical enough for screening candidate
materials. Thin disks of graphite are teated at the center
with an inert-gas shielded-arc nonconsumable electrode
welder, each at a different, lut constant, pcwer level.
The rinirum power input to the welder that will consistently
cause the graphite to fracture is deterrined. The grarphite
that requ1res the highest power level to produce a
fracture is the one most resistant tc ttermal shcck. This
test ranked 21 grades, cr types, of graphite. In
appendix contains mechanical and thermal fprcrerties of
the sfecimrens, obtained from the literature for
determination of fiqures of merit ratincs cf rcrmal shcck
resistance, Ncne cf the standard figures ot rmerit gave
reliable predictions.

*graphite + elasticity + experiment + physical properties +

*rupture + *thermal effects ¢ *testing +

therzal prcrerties + therwal shock

EBX700042 _

Dergunov NN + Barbancv VN + Kurakin VK + Zaitsev GC +
Strokov VI + Abrakhimuv U

SHORT-TERM STRENGTH, CREEF, AND DUCTILITY CF CGFAEHITE AT

Accession Numker EBX€ESCC3IS tc EBX7CCC42



»

-

.

Page

Category E
Graphite

EBX70C042 ¥Ccntinued*

300 TC 3500 CEG K

Not given. ‘ .
LA-4462-TR (Sept. 1970), S p, 4 fig, 10 ref.

A facility and procedure for studying the tensile,
impacts, and compressive strengths, creep and ductility of
grarhite at terperatures from 30C to Z:5C0 deg K are
described. Experimental data on the mechanical
characteristics and variations of the creep rate and
ductility of three grades of graphite differing in

grain size in this tempexature are presented. The
tensile and compresclve rroperties depended in a complex
fashion on grain size, temperature, and orientaticn; the
coarse-grained matetrial was weakest. At about 3000 deg K,
the tensile behavior changed from brittle tc ductile and
the temperature derendence of creep increased greatly.
This document is a translation of Pagper No, S5 it the
Transactions of the Fifth All-~Union Scientific-Technical
Conference, Kiev, Ukranian SSR, Decemker 19€7.

creep + ductility + *graphite + experiment + Yequipment +
microstructure + tensile properties + compressive fpIcferties

EBX70C043 \
Fontana A + Winand R
STUDY OF THE WETTABILITY CF GFAFHITE BY DIFFEEFENT MCLTEN

SCDIUM-FLUCRIDE-Z IRCONIU¥ TEFTRAFLUORIDE-ZIRCONIUM DICXIDE
MIXTURES IN THE PRESENCE OF VARICUS GASECUS ATNKCSEEEFES

Universite libre de Eruxelles, Belgium

Nucl., Mater. 35, 87 (Arr. 1970), 5 p, 4 fig, & ref.
The wettability of graphite at 1050 deq C by rsclten scdium
flucride containing up tc 25% zirconium fluoride and 3.75%
zirconium oxide was studied by observing the contact éngle
of drops of the molten salt under a hct-stage micrcsccge
in the presence cf different gases. The wettability of
- graphite by these mixtures Leccme less as the ZIF4 ccrtent
was increased and the 710Z content reduced. 1he
‘wettability of graphite bty zirccnia-free mixtures
increased when an argoen atmosghere was replaced by COZ,
"while for mixtures containing ZrC2 the change of
atmosphere had no effect, CF4 and CO did nct appear to have
any. significant influence on the wettability cf graphite by
~ the mixtures examined. " Polished craphite surfaces wete
muck less vwell wetted by FaF-ZrF4-2rcC2 mixtures than
machined graphite surfaces. (auth)

wvetting + graphite + cxides + molten salts

ECX710011 ‘
Chang SJ + Cargpenter JA + Altcm DW
VISCCELASTIC ANALYSIS OF IRRADIATED GRAPHITE WITH VARIABLE

CREEP COEFFICIENT

Cak Ridge National Laboratory, Tenn.

Accessicn Number EBX700042 to ECX7 10011
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Cateqory E
Graphite

ECX710011 *Continued*

ORNL-TM-3242 (May 1971), 31 p, 5 fig, 3 ref.
This report is an addendum to ORNI-TM-2407 ccccetnlnq a
methcd of stress analysis for irradiated gragpkite which may
be used for MSBR ccre design., To provide a refined
analysis, the present method includes tle effect cf a
variable creep coefficient which is caused by the
nonuniform temperature distriltuticn. Tc facilitate a
simple feormulaticn, it is assumed that the temperature
dependence of the elastic resgcnse of tle gaterial is
approximated tc be inversely proportional to the creep
rate, It is shown that the prctlem reduces tc the
sclution cf several asscciated (fictitious) elastic
problems which have a common elastic rodulus inversely
propcrticnal to the creep rate of the irradiated graphite.
Numerical examples in the previcus report were recalcrlated
based on the present thecry. It shows, for larqge dose
values, an improvement to the previocus methcd. A
computer preocgram is written for the purpose and can
include the previous solution as a sgecial case.

stress + analysis + graphite + radiation damage +

elasticity + MSEE + creep

EDX64C016

Cook WH

MSRE GRAPHITE {IN MSRP PROGR. REPT., 7/31/64)

Cak Ridge National Laboratory, Tenn.

ORNL- 3708 (Nov. 1964), pp. 373-389, 10 £fig, 18 ref.
The graphite purchases for the MSRE, grade CGE, is a rew
nuclear graphite that is basically an extruded petroleun

" coke bonded with coal tar pitch heated to 2800 deg C. Low

permeation is oktained through a series cf imfregraticns and
heat treatments. The final heat treatment was at 2800 deg C
or higher, Experimental equipment and frocesses were used
on a ccmmercial scale fcr the first time. The graphite was
produced as a 2-1/2-in.-square x 72-in.-long kars, shich
were machined to the required shapes. The average bulk
density is 1.86 grams per cukic centimeter., 1Its matrix is
not rermeated by mclten =salts under conditions more severe
than those expected in the MSRE. It exceeded all the
requirements specified for the MSEKE except that it had
longitudinal cracks. Tests indicated tlat the cracks
should nct have any significant adverse effect on the
operation of the MSRE. The skrinkaqge cf the craphite at
350 to 475 deg C under exposures between 0.60 x 10{20th)
to 1,40 x 10(20th) neutrons/sg-cm (E greater than 2.9 ¥eV)
indicated that this should not create any important adverse
effects on the operaticn of the FSRE.

*graphite + *MSRE ¢+ cracks + density + elasticity +

examiraticns + fabricaticn ¢ inspection + intrusion +

irradiation + physical properties + progress repcrt +

Accessicn Number ECX7 10011 to ELX64CC16



»

3]

_ Page 73
Category E
Graphite

EDX640016 *Continued*

procurement + reviews + sgecific heat + specificatiocns +
thermal conductivity + heat treatments + tensile fprcperties +
flexural fprcperties + comfressive properties + microstructure
CTHER CATEGCEIES: ACE

EDX68C031

Kasten ER + Bettis ES + Cook WH + Fatherly &P +
Holmwes DK + Kedl RJ + Kennedy CR + Kirslis S5 +
McCoy HE + Perry AM + Robertson RC + Scott D +
Strehlow RA ‘

GRAPHITE BEHAVICR ANLC ITS EFFECTS ON MSBR PERFORMANCE

Oak Ridge Naticnal Laboratory, Tenn..

ORNL-TM-2136  (Feb. '1968), 97 p, 22 fiq, 43 ref.

Grarhite behavior under MSBR conditions is reviewed and its
influence on MSER performance estimated. The dejcsiticn cf
fissicn froducts con grarhite does not appear to lLe large
(10 to 35 % of the nokle-metal fissicn froducts kased on
MSRE experience). Taking into account graphite replacement
every two years, fission product depositiorn 1educes the MSBR
breeding ratioc by about 0.00z. Also, it appears that xenon
poisoning can be kejt at a 0.5% fraction poisoning level Ly
using pyrolytic carkon as a pore impregrant tc seal the
surface andsor hy efficient gas stripping of the fuel salt
fluid by injection and removal of heliurm bubbles,

Published in slightly abbreviated form in BMucl. Eng.

Design 9, 157-95 (1969).

+4SBR + *graphite + *reviews + irradiation +

mechanical properties + creep + developrent +

kreeding perfcrrance + xenon !

EDX690051

Kasten PR + Bettis ES + Ccck ¥WH + Eatherly Wf +

Holmes LK + Kedl RJ + Kennedy CR + Kirslis S5 +
McCcy HE + Perry AM + Rcbertscn RC + Scott [ +
Strehlow EA ) , : '

GRAPHITE BEHAVIOR AND ITS EFFECTIS CKX MSER EERFCREANCF

Cak Ridge Mational Laboratory, Tenn,

Nucl. Eng. Design 9, 157 (Feb. 1969), 39 p, 18 fig, 40 ref.
Graphite behavior under MSBR conditions is reviewed ard its
influence on MSBR perfcimance estimated. The deposition of
fission products on graphite does nct appear tc be laige
(10 tc 3%% cf the ncble-metal fission products Lased on MSRE

" experience)., Taking into acccunt graphite replacement
every twoc years, fissicn product deposition reduces the MS3EK
breeding ratio by atout 0.002. Alsc, it appears that xenon
poiscning can be kept at a 0.5% fracticr pciscrirg levwl by
using pyrolytic carben as a pore impregnant tc seal tte
surface and/or by efficient gas strippirg c¢f the fuel salt
fluid by injection and removal of helium bubkles.
Published with somewhat more detail as CRNL-IM-2316,

Accessicn Number EDX6U4CO01€ to FLX69CCE1
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Category E
craphite

EDX69C051 *Ccntinued*

*MSBR + *graphite + *reviews ¢ irradiation +
mecharical progerties + creep + development +
breedlng performance + xenon

- EXX70C048
Engle GB + Frice RJ + Pokros JC + khite JL
RESEARCH ON GRAPHITE -- THREE-YEAR SUMPFARY EFEECET

May 15, 1967, through May 14, 1950

Gulf General Atomic, San Diegoc, Calif.

GA-9975 (June 1, 1970), 111 p, 36 {iq, 47 ref.
A detailed sumgary is given cf work at GGR related to the
formation, properties, and irradiaticn jerfcrrarce cf
grafphite; other forms of carbon were studied to complement
work on graphite, The seven main topics are Mcrfpholegy of
the Carbcnaceous Mesorhase Fcrmed in the Eyrolysis of
Coal~Tar Pitch, Catalytic Grephitizaticep of Pyrclytic
Carkcns, Petroleum Cokes, and Graphites, Characterization
of Graphites, Model Materials, Annealinc of Irradiated
Pyrclytic Carbons, Highly Oriented Graphites, and
Artificial Commercial Graphites., Repcrts giving rore
detail are listed.

carbon + coke + creep + density + expansion ¢+ fabricaticn +

graphite ¢ irradiaticn + rhysical fproperties + pyrocarkton +

thermal conductivity + x-rays + lattice + heat treatments +

picrostructure

Accession Numbter FDX690051 to EXX700048
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Cateqgory F
Hastelloy N and Related Allcys

FAX62C004

Devan JH + Evans (TIT) RB

CORROSION BEHAVIOR OF REACTOR MATERIALS IN FLUCRITE S2LT

MIXTURES

Oak Ridge Naticnal Labgcratory, Tenn.

CRNL-TM-328 (Sept. 1962), 35 p, 10 fig, 12 ref.
The report discusses (1) corrcosion experiments dealing with
fluoride salts in support of the KSRE, and (2) analytical
methcds employed tc interpret corrosicn and rmass-transfer
behavicr. The rrodivcts of ccrrosion are solutle in tthe
molten salt; accordingly passivation is precluded and
corrosion degends directly on the thermodynamic driving
force of the corrosion reactions. Ccorpatibility, therefore,
~demands salt ccnstituents that are not appreciatly recuced
by useful structural alloys and container materials whcse
compcnents are near thermodynamic equilibrium with the salt
medium, Utilizing information gained ir ccrrcsicn testing
of ccemmercial alloys.and in fundamental interpretations of
the corrosion process, ORNL developed a high-strength
nickel-base allcy ccntaining 17% Yo, 7% Cr, and 5% Fe.
Several long-term corrosion lcops and in-pile capsule tests
corrleted with this allcy demonstrate the excellent
corrosion resistance to fluoride salt mixtures at high
temperatures. Therwmodynamic methods are presented for
predicting corrosion rates. Radiotracer studies cocnfirmed
the ccrrcsicn model. Also piblished as pp. 557-579 in
Corrosion of Peactor Materials, IAEA, Vienmna, 1S62,
Vol. 1T,

alloys + compatibility + *corrosion + *develcpmernt +

tluorides + *Hastelloy N + locp + nickel + fuels +

thermodynamics + molten salts

OTHER CATEGORIES: FBD

FAX620005

DeVan JH -+ Evans({IITI) RSB ,

CORROSICN FEHAVIOR OF REACTOR MATERIALQ IN FLUORIDE SALT

MIXTORES

Cak Ridge Latlonal Lahoratory, Tenn,

Corrosion of Reactor Matetrials, Vol. II (Froc. cConf.

June 4-8, 1962) IAEA, Vienna, p., 557, 23 p, 10 tig, 12 ref.
~This paper covers the =ame naterial as OANL-TM-328
(FAX€2C0CH) .

alloys + compatibility + *corroelon + *development +

fluorides + *Hastelloy N + locp ¢ nickel + tuels +

thermodynamics + *molten salts

OTHER CATEGORIES:  FBD

FAX690035

DeVan JH

EFFECT GCF ALLCYING ALDITICNS ON CORROSION BEHAVIOR QF
NICKEL-MOLYBLENUM ALLOYS IN FUSED FIUCRINE FMIXTUFES

Accession Numker FAX6z00C4 tc FAX6S0C35
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Hastelloy N and Related Allcys

FAX690035 *Ccntinued*

Cak Ridge National Laboratory, Tenn.

ORNL-TM-2021 Vcl. 1 (May 1969), 45 p, 13 fig, 16 ref.
Corrosion properties of nickel-wolykdenum allcys with
varicus solid-solution strengthening additions were
tested in thermal convection loogps, whkich circulated
salt rixtures between 815 and 650 deg C. The alloys
contained 17 to 20% Mo and verious percentages cf Cr,
Al, 17i, VvV, Fe, Nb, and %. Lcops of individual alloys
were exposed to the salt mixture NaF-LiF-KF-UF4
{11.2-45.3-41.0-2.5 mole %) for 500 and 1000 hr. The
corrosion susceptikbility of alloying additicrps ircrea sed
in this crder: Fe, Kb, V, Cr, W, Ti, and Al.
Metallographic examinations showed relatively light
attack fcr all allcys except those containing ccmbined
aluminua and titanium or alusinum and ctrowium. A
nickel-base allcy ccpntaining 17% ko, 7% Cr, and 5% Ffe,
designated Hastelloy N, had the test ccrkinaticr cf
strength and ccrrosion resistance among the ccmpositions
tested. ‘

.alloys + compatibility + corrcsion + development +

fluorides + fuels + molten salts + Bastellcy N + lccp +

nickel allcys ¢+ allcy congositicn

CTHER CATEGCEIES: FEL

FAX69C04c

DeVvan JH

EFFECT OF ALLOYING ADDITICNS CN CCRECSICN EEHRVICE CF

NICKEI-FCLYBLENUM ALLOYS IS FUSED FLUORIDE MIXIURES

Oak Ridge Naticnal Labcratcry, Tenn. ‘

ORNL-TM-202%1 Vol. 1 (May 1969), 45 p, 13 fig, 16 ret.
Corrcsicr properties ct nickel-molybdenum alloys with
various solid-solution strengthening additicrs were tested
in tkermal convecticn lcops, shich circulated salt mixtures
between 815 and 650 deg C. The alloys ccntaired 17 tc 20%
Mc and varicus percentages of Cr, Al, Ti, V, Fe, WL, and W.
Loops of individual alloys were exposed to the calt mixture
NaF-1iF-KF-UF4 (11.2-45.3-41.0-2.% mole %) for 5CC and
1C0C br. 1The corrosicn susceptibility cf alloying
additions increased in this order: FE, NB, Vv, Cr, &, Ti,
and Al. Metallograihic examinations showed relativeiy light
attack for all alloys except those containing ccrbired
aluminum and titanium cr aluminum and chromium., 2 nickel-
base alloy containing 17% Mo, 7% Cr, ané 5% Fe, desigrated
Hastelloy N, had the best ccmktination of strength and
corrosion resistance among the ccrpositions tecsted,

compatibility + corrcsion + develcpment + fluorides +

fuels + Hastelloy N + loop

OTHER CATEGORIES: FBD

FBA660020

Accessicn Number FAX630035 to FEA6G6002Z0
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FBA660020 *Continued*

McCoy HE ‘

STUDIES OF THE CARBON DISTRIEUTION IN HASTELLCY KN

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-=1353 (Feb. 1966), 24 p, 14 fig, 6 ref.
A srall heat of Hastellcy N was prepared in which a
portion of the carkon atoms were tagged as caibcn-14, The
resgcnse tc heat treatment was studied to determine
whether the changes in mechanical properties cculd be
corrtelated with the cbserved changes in the carton
distribution., Althoughk markeé seqregation resulted,
the changes in mechanical properties did not appear
to be related, A second okjective was to detersine
whether the relatively large precipitate particles
in this alloy were carbides. These precipitates, 1in
bcth their stringer (lcs-temperature) and lamellar
{high-temperature) forms, were fcund to be as lcw in
carkton as the ratrix cr lower. It is hypothesized
that the other alloying elements reduce the sclukility
of rolybdenur i n nickel so that the fprecipitate is
basically nickel-nmclybdenum intermetallic compounds.

*heat treatments + weiding + *metallcgraphy + *Hastellcy N +

carhon + mechanical fproperties + *microstructure

FBA680029

Gehlkach RE + McCoy HE

PHASF INSTAEILITY IN HASTELLOY N

Oak Ridge Naticnal Labcratory, Tenn.

Int, Sym. on Structural Stability in Sufgerallcys,
Seven Springs, Pa., Sept. 4-6, 1968, Vol., II, pp 34€-366.
Available from Dr. John Radavich, AIME High-Terfperature
Allcys Ccrrittee, Micrcret Laltoratories, wWest Lafayette,
Ind., 21 p, 14 fig, 0 ref.

- Though Hastelloy N is frasically a solid-scluticr alloy,

therrcrechanical treatments change its mechanical prorperties

and microstructure. Identifying and characterizing
precipitates involved microscopy, extraction reglication,
x-ray diffraction, and electrcn proke micrcanalysis.
Cherical analysis with a microprobe attachment tor the
electron microscope and electron diffracticn were erployed
to identify individual particles, agglomerates, -and grain-
boundary films on extraction replicas withcut interfeilence
fror the matrix. The microstructure is characterized by
stringers of massive primary precipitates cf the NildMc3C
type. Exposure between 500 and 1000 deg C precigates
particles of the Ni2Mo4C type in the grain boundaries,

In air-melted heats with C.6% Si, the precipitates are
enriched in silicecn and are not dissolved at high
temperatures but melt and transfcrm tc a ncncarktide plase,
In vacuum-melted heats with low silicon contents, carlides

go into solid solution. The only frecipitates that fcrm in

Accessicn Number FBA660020 to FEA68Q0029
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FBa6380029 *Continued*
air-melted alloys at as high as 1180 deg C are the .
Ni 3(Mo,Cr) 3(C, Si) and Ni2 (Mo ,Cr)4 (C,Si) tyges The anount
and behavicr are highly silicon dependent; this impurity
stabilizes the particles., The delta-Milo intermetallic is
probably responsible for the increased embrittlement at high
annealing temperatures.

heat treatments + Hastelloy N + precipitaticn + picrcstructcre

FBB6ECO18

Donnelly FG

TUBE PLUGGING IN THE MOLTEN-SALT REACTCH EXEEFIMENT

FRIFARY HEAT EXCHANGER

Oak Ridge Naticpnal Laboratory, Tenn.

CRNL-TM-1023 (Feb. 1965) 11 p, 6 fig, U ref.
To reduce the gressure drop through the shell side of the
MSRE primary heat exchanger, it was decided tc reesove fcur
of the cuter U-tubes. 1This required sealing the eight tube
stubs produced. A plug design and seal weldirqg frocedure
were develcred tc assure a high-integrity seal Letween the
molten fuel salt on the shell side and the ccclact salt on
the tube side cf the heat exchanger. The plugs had a
slight interference fit {0.000C to C.CCC2 in,) with the
tubes and were machined for edge-welding. The plug
material was Hastelloy N, as was the entire heat exchanger.
The tube end was manually welded to the plug with a gas
tungsten-arc tcrch. The conditions sere adjusted to
provide weld metal penetration equivalert tc at least the
thickness of the tube wall. Visual, dye-penetrant, and
radiographic examinations of the welds cave every
indicaticn that high-integrity welds had been made that
would successfully isolate the fuel salt frcm tke ccolant
salt during the planned operation of the heat exchanger.

fabrication + Hastelloy N + heat exchangers + MSRE ¢+ selding

OTHER CATEGCEIES: HCX

FBB6€6C021

Gilliland FG + Venard JT

ELEVATED TEMPERATURE MECHANICAL FRCEERTIES CF ¥ELES 1IN 2

Ni-PFo-Cr-Fe ALLCY

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-1341 (Jan. 1966), 35 p, 18 fig, 6 ref.
The ccntents of this IM appear in Welding J. (N. Y.) 45,
103-s-11C-s (1966) 2C FBB660022.

*Hastelloy N + *welding ¢ heat t:eetmentc + creeg +

ductility + tersile fprcperties

CTHER CATEGCERIES: FEC

FBB6€C0Z2
Gilliland G + Venard JT
ELEVATED TEMPERATURE MECHANICAL PRCEERTIES CF WELLS IN 2

Accession Number FBA68002S to FBB6€C(CZ2
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FBB66C022 *Ccntinued*
Ni-pPo-Cr-Fe ALLOY :

Oak Ridge Natiocnal Labcratory, Tenn. .

welding J. (N. Y.) 45, 103-s (Mar. 1666), € .p, 1€ fiqg, 6 ref,
Tensile tests cn transverse seld samples of Hastelloy N in.
the as-welded and annealed conditions skow a gcced. »
comkinaticn of strength and ductility from 70 to 1800 deg F.
Tensile properties of these ccmpare favcrably with thcse of
the base metal. Stress relieving at 1600 deg F for 2 hr
lovwered the tensile yield strength., Creep-rupture tecsts at
2200, 1300, and 1500 deg F shosed significant improverment
in strength and ductility at 1300 deg F from stress relief
in hydrogen, In creep-rupture tehavior, bcth as-welded and
stress-relieved specimens were as good as the base metal.
the nil-ductility temperature, as deternrined bty simulated
heat~affected zone thermal cycle tests was 23(C deq F.
Reascnable recovery of mechanical properties followed a
simulated welding cycle with a 2300 deg F maxircurn
temperature. The ccntents of this paper also appear as
CRNI-TM~-1341, AC-FEE660022.

*Hastelloy N + *velding + heat treatments + creep +

ductility + tensile properties

OTHER CATEGORIES: FBC :

FBB690040

McCoy HE + Cancnico DA

PREIRRALCIATICN ANUC POSTIRRALIATION MECHANICAL PROPERTIES

OF HASTELLOY N WELDS

Cak Ridge Kational Laboratory, Tenn.

ORNL-TH-2483 (Mar. 1969), 43 f, 20 fig, 16 ref.
Welds were -made by the TIG prccess in several heats of
Hastelloy N. The mechanical properties of transverse weld
samples and the base metal were ccmpared in tensile tests
over the range cf 75 to 1600 deqg F and in creep tests at
1200 deq F. The as-fatricated welds extibited lcwer
fracture strains than the base metal under all test
conditions, but the properties of the welds were imprcved
markedly by post-weld heat treatments. The pcstirradiation
tensile and creep properties of the welés and base metal at
elevated tempetratures vere about the same, althcugh the
properties were widely different tefcre irradiaticn.
Mechanical progperties of all . specimens tested are tatulated
in an Appendix. The same material -withcut the appendix is
published in Welding J. -(N. Y.) 48, 203-5-211—5 (1969),
AC-FBE69004 1.,

*Hastelloy N + *welding + c:eep + duct111ty + %irradiation +

tensile properties : :

CTHEE CATEGCFIES: FEE

FBB69C041
McCoy HE + Canonico CA

Accessicn Number FBB66002Z to FEB6SCCH1T
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FBB6900U41 *Continued*
PREIREADIATICN AND POSTIRRALIAT ION MECHANICAL PROPERTIES
OF HASTELLOY N WELDS

Oak Ridge National Laboratory, Tenn.

Welding J. (N.Y.) 48, 203-s (May 196%), 9 p, 18 fig, 16 ref.

- This parer presents the same material as CFNL-TM-2483
(FBE690040) except that it does nct include the appendix
which lists the prcierties of all specimens.

*Hastelloy N + *yelding ¢+ creep + ductlllty + *1rrad1at10n 4

tensile prcgerties

CTHER CATEGCEIEFS: FEE

FBB70C028

McCoy HE + Gunkel RW + Slauqhter GYM

TENSILE PROPERTIES OF HASTELLCY N WELDEL AFTEF IFEAILIATION

Cak FRidge PFNational Lakoratory, Tenn.

ORNL~TM-28S8 (Apr. 1970), 24 g, 7 tig, 8 ref.
Fusion welds affecting 75% of the crcss secticn were
made in small tensile samples €. 125 in. in diameter)
of Hastelloy N irradiated to thermal tfluences up to
9.4 x 10 (20th) neutrons/sq-cm, All cf the upnirradiated
samples and 67% of the irradiated samples were
satisfactorily velded by a specialized technicue. Suiface
contamination is suspected to cause the unsuccessful welds
in the irradiated samples. The welded irradiated samgles
generally had as gccd tensile properties at 25 and 65C deg C
as the irradiated Lkase metal. Thke weld metal defcrmed
appreciably at 650 deg C and made a significant contribution
to the overall fracture strain. The fracture location in
the irradiated samples tested at €50 dec C shifted frcm the
weld cetal to the base metal following the post-vweld enneal
of 8 hr at 870 deqg C., Porosity near the fusicr line of the
irradiated samrles frobably resulted frcm helius Lukbles,
but this did not seem to a2ffect the locaticn c¢f the
fracture.

welding + irradiation + Hastelloy N e ductility +

tensile prcrerties

FBB700031

Cepolina AG + Cancnicc DA

THE MEASUEEMENT OF RESIDUAL STRESSES

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-3113 (Cct. 1970) 32 p, 12 fig, 16 ref.
A mcdification of the Sachs 'boring-out!® methcd for
determining residual stresses perrits determiraticn of
the distributicn of stresses and their levels over extremely
short increments of distances, This technique was used for
measuring residual stresses in gas tungsten-arc welds made
in Hastelloy N, Circular welds € in. ir diareter were
simultaneously depcsited on both flat faces of a 1/2-in.-
thick plate, 12 in. in diameter. The raximum tangential
residual stress was fcund to be about =5(,0CC psi and was

Accessicn Number FBB6Y0O41 to FEE700021
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FBB700031 *Continued*

not particularly affected by either the shielding gas or
heat input. Stress relieving at 160C deg F fcr 4.5 hr
proved tc be the crtimuw heat treatment and reduced tte
tangential residual stress to akcut 5C0C psi. Lcwering of
the raximum residual stress to about 10,000 psi was
achieved at 1400 deq F after € hr; however, lcwer
temperatures even fcr times as long as 100 hr only reduced
the maximum residual stress Ly akcut 2z5%.

Hastelloy N + stress + heat treatments + testing

FBC590001

Carlscn RG

FATIGUE STULIES OF INOR-8

Battelle Memorial Institute, Columbus, Chio -

BMI-1354 (June 1959), 16 p, 8 fig, 1 ref.
The tewmperature and frequency dependence of fatigque
properties of Hastelloy N were deterwined by rctating-
bear fatigue tests, Stress-lifetime data were oktained
for temperatures of 1100, 1300, and 15CC F, ard cyclic
frequencies of 100, 600, and 3000 cpm. The fatigque
strength decreased with increasing terperature. No
arpreciable frequency effect was found up to 1300 F.
At 1500 F, the fatique strengths ¢f srecimens tested
600 and 3000 cpm were equal, while the fatigue strength
at 100 cpm was substantially lower. A critical frequency
is associated with each temperature, abcve which frequency
has no effect, but belcw shich fatigue strength decresses
with decreasing frequency. Fatigue strength wac higher
fecr finer qrained material.

Hastelloy X + microstructure + fatigue

FBC61C001

Swindeman F¥

THE MECHANICAL PROPERTTES OF INCR-8

Cak Ridge KNational Laboratory, Tenn.:

RNL-;?BO (Jan. 1961), 76 p, 45 fiq, 20 ref.
Tensile, creep, and relaxation tests were perfcrped cr
INOR~8, (This is the alloy later called Hastelloy N.) The
mechanical properties are sumrcarized and discussed in
relaticn tc the composition, microstructure, and .
environment. The results indicate that the mininum strength
proferties of INUR-8 are sufticient to permit the use of °*
workable design stresses.up to 13C0 deg F, althcugh certain
areas are rointed cut where addltlonal informaticn 15
desirable,

Hastellcy N + creep + ductility + heat treatments +

tensile properties + alloy compositicn

FBC6U4CO1T
McCoy HE

Accessicn Number FBB700031 to FEC640C17
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FBC640017 *Continued*
INFLUENCE OF SEVERAL METALLURGICAI VARIRABLIES (N THE
TENSILE FROPERTIES OF HASTELLOY N

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-3661 (Aug. 1964), 63 p, 35 fig, 10 ref.
The tensile properties c¢f Hastelloy K were measured after
various heat treatments. One vacuum-melted ard fcur air-
melted heats were studied. The vacuum-melted material
exhibited good ductility after all beat treatrmerts,
Annealing the air-melted material to temperatures in excess
of 2150 degy F significantly reduced tke ginigur fractrure
strain. Holding at about 1600 deg F for an extended period
recovered the fracture ductility. Aginc in tke 110C tc
120C deg F range material that had been previcusly annealed
at 2150 deg F significantly reduced the ductility. These
changes in ductility cccurred with very small changes in
tensile strength, These effects can ke exrlained in terms
of the fcrmaticn of a brittle grain boundary layer alcng
vhich a crack can propagate easily at elevated temperatures.
Interrupting the ccrtinuity of this layer by overaging or
cold working recovers good fracture ductility. 1The
fcrzation of this layer is associated with the fpresence of
trace alloying elements.

Hastelloy N + heat treatrments + ductility + metallography +

tanLIe properties

FBC65C017

Venard JT

TENSILE AND CREEP PROPERTIES CF INCE-8 FOR THE MCLTEN-SALT
REACTCR EXFERIMENT

Oak Ridge Naticnal Laboratory, 1enn.

CRNL-TM-1017 (Feb. 1965), 22 p, 19 fig, 6 rect.

Tensile and creep-rupture testing has been carried out on

three heats of Hastelloy N selected frcu thcse used fcr the

MSRE. The primary aim was to collect strength informsation

representative of the construction material ard tc cornfgare

the data on these ccmmercial heats with that from early

experimental heats, The data repcrted are ultirate tensile

.strenqgth, 0.2% cff-set yield strength, elongation, and

reduction in area from room temperature to 982 deg C :

(1800 degqg F), Creep-rupture behavior was investigated at

493, 7C4, and 816 deg C (1100, 1300, and 1500 deg F). 1In

general, the commercial MSRE cconstructicn material shcus

greater strength and ductility than did earlier heats.

Additional confidence in the MSRE design strergth values is

tbus in crder.

*Hastelloy N + creep + ductility + MSRE + tensile prcperties +

alloy ccmposition

FBD690036"
Koger JW + Litzan AP

Accession Number FBCE€U40017 to FBDHSCO36
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FBD69C03¢€ *Ccntinued*
* 'COMPATIBILITY CF HASTELLOY N ANL CROLOY 9M WI1H
NaBF4-NaF-KBF4 (90-4-6 mole %) FILUCFCEORATE SALT
Cak Ridge National Laboratory, Tenn.

. ORNL-TM-249C (Apr. 1969), 41 g, 20 fig, 15 ref.

The compatibility of relatively impure {greater than

3000 ppr irpurities) NaBF4~-NaF-KEF4 (90-U4-€¢ mole %)

tested with Hastelloy N and Crcloy 9¥ was tested in

natural circulaticn loogps at a maximum temperatuie

of €CE deg C with a temperature difference of 145 deg C.

The Croloy 9M-loop was completely plugged after 144C br

and the Hastelloy N loof was three-quarters plugged

after 8760 hr (one year). All major alloying elements
mass transferred as the result of nonselective attack
by virtue of the initial oxygen and water ccntamiraticn
of the salt. Saturaticn concentrations of 700 ppm

Fe and 470 ppm Cr were determined for tke flucrcbcrate

salt at 460 deg C. Initially, solukle metal flucride

compounds formed in the hot leq., The reverse reaction
in the cold leg causes the metal to depcsit arnd tc
diffuse into the ccld leg. This continues until an
equilibrium concentration of cne cr more metal fluorides
is reached in the salt at the cold-leg temperature

and these compounds start depositing cr the eguilibrium

constant of the reaction changes so much with temperature

that the pure metal is deposited.

* *iron allcys + *Hastellcy N + compatibility + *corrosion +
*fluoroborates + *impurities + mass transfer + sclukility +
coolants + thermal ccnvecticn + molten =alts
CTHER CATEGCFIES: GEX

€

FBE650018

Martin WR + Weir JR

EFFECT OF ELEVATED TEMPERATURE IRRADIATION CN THE STREINGTH 2NL

DUCTILITY CF THE NICKEL-EBEASE ALLOY HASTELLOY N

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-1005 (Feb. 1965), 17 p, 7 fig, 17 ref.
The ccntents of this 1M are the same as an artlcle with the
same title in the Apr11 -196% Nuclear Applicaticrs, which
see,

*Hastelloy N + ductlllty + *tensxle propertles + irradiatior

OTH“R CATEGORIES: FBC ol

FBE650016
i Martin WR + Weir JR
. EFFECT OF ELEVATED TEMPERATURE IRRADIAlION ON THE SI@ENGTH AND
; DUCITILITY OF THE NICKEL-BASE ALLCY HASTELICY N
Cak Ridge National Laboratory, Tenn.
. Nucl. Appl. 1: 160 (1965) 8 ¢, 6 fig. 20 ref. :
\Er} The tensile properties of Hastellcy N have been deternined
after irradiaticn at 600 degq Z to 7 x 10(20th) n/sq-cr (E

greater than 1 MeV) and 9 x 10 ({2Cth) n/sg-cm (thermal). The

Accessicn Number FBDE9CCO3€ to FBE6:0C1€
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FBE650016 *Ccntinued* _ .
strength and ductility were determined fcr the range 20 to
900 deq C. 1The stress-strain relationship is not affected
by irradiation at 700 deg C. Cuctility, as measured Ly the
true unifcrw and fracture strains, is reduced for
deformation temperatures of 500 deg C and abcve., The loss
in ductility results in a reduction in the true tensile
strength, especially in intecrcranular failure, such as low
strain rates and elevated temperature. Fost irradiation
annealing does not improve ductility. 1lhbese data are
ccmpatible with heliur generation from the (n, alpha)
reaction of boron as the cause of low ductility. (Also
published as OBRNL-THE-1005,) :

*Hastelloy N + ductility + *tensile prcperties + irradiatior

OTHER CATEGORIES: FBC

FBE660D019
Martin WR + Weir JR
PCSTI FRADIATICN CREEP ANTC STRESS RUPTURE OF HASTELLCY N
Oak Ridge Naticnal Laboratcry, Tenn. '
ORNL-THE-1515 (June 1966) 31 p, 12 fiq, 15 ref.
The contents of this TIM are the same as an article
vith the same title in the March 1967 Nuclear Afplicaticns, -
vhick see.
*Hastelloy N + *creep + ductility + irradiaticn +
microstructure
CTHER CATEGCEIES: FEC

FBE67C029

Martin WR + Weir JBR

POSTIRRADIATION CREEP AND STRESS RUFTUKE OF HRSTELLCY N

Cak Ridge National Lakoratory, Tenn.

Nucl. Appl. 3, 167 (Mar. 1967), 11 p, 10 £igq, 17 ref.
The creep ductilities of irradiated Hastellcy N at
650 deq C have been determined at several neutrcn
exposures. gflevated-temperature irradiation emirittlement
gJreatly reduces the stress-rupture strengtk as geasured
in pcstirradiation uniaxial stress tests. The reduction
in ductility to values as low as C.4% is due tc an
irradiation effect related to the process of interyranular
fracture. Intergranular cracks, once fcrmed, rrcragate
with greater ease in the irradiated alloy as compared
with a sample exposed to a lesser radiation expcsure.
(Also published as CRNL-THM-1S1%,)

*Hastelloy N ¢ *creep + ductility + irradiaticn + .

microstructure

OTHER CATEGORIES: FBC

FBE670030 - -
McCoy HE ¢ Weir JR . v
IN- AKND EX-KEACTCR STRESS-RUPTURE PROPERTIES OF HASTELLQOY N TUBING

Oak Ridge Naticnal Laboratcry, Tenn.

Accession Number FBE650016 to FEE670030
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FBE670030 *Continued*

ORNL-TM-1906 (Sept. 196p), 27 p, W fig, 28 ref.
The stress-rupture properties of two heats cf Hastellcy N
tubing have been determined at 7€C deg C in the irradiated
and unirradiated conditions, Irradiation reduced the
rupture life and the rupture strain tut prcduced no
detectable effects cn the creep rate., Small variations in
behavior of tutular specimens tested during irradiaticm and
srall rod specimens tested after irradiation are expléeined
on the basis of differences in stress states and sizes cf
test sections. The effects of irradiation are rationalized
on the basis of the tehavior cf heliur which is fcrmed in
the metal as a result of the reaction ot boron-10 with
thermal neutrons, (Also puklished with scre ccrdensa ticn in

Nuclear Applications (MSRIS Accession FEEGEC(25),
Hastelloy § + creep + ductility + 1rrad1atlcn
OTHER CATEGORIES: FBC

FBE670031

McCoy HE

AN EVALUATICN CF THE HOLTEN SALT REACTOR EXPEHWIMENI

BASTELLOY N SURVEILLANCE SPECIMENS -- FIRST GECUE

Cak Ridge National Laboratory,  Tenn.

ORNL-TM-1%97 (Nov. 1967), 57 ¢, 35 fiqg, 12 ref.
Gives test results on the effect c¢f varicus variables
(terperature, strain rate, prestrain, etc.) on the
tensile ductility of irradiated and unirradiated Hastelloy
N. Specimens removed frcm the FSEE after 7823 MWh had Leen
at 645 deg C for 4800 and accumulated 1.3 x 10(20th)
neutrcns/sg-cm (thermal). The high-temperature ductility
vas reduced sirilarly tc that cbserved for the same
materials in the ORR in heliud»., No ccrrcsicn wacs cbserved,
but a 1 to 2 mil carbon-rich layer was noted where specimens
touched graphite

*MSRE + *surveillance + *Hastelloy N + *compatibility +

fluorides + creep + corrosion + irradiation +

tensile properties + tensile froperties

FBE680025 ,

McCoy HE + Weir JR

STRESS~RUPTURE PROPERTIES OF IRRADIATED AND UNIRRADTATED HASTELLCY

TUBES

Cak Ridge National Laboratory, Tenn, ‘

Nucl. Appl. 4, 96 (Feb. 1968), 9 p, 6 tiy, 24 ref.
The stress-rupture properties of two heats cf Hastellcy N
tubting have been determined at 7€¢C deg C in the irradiated
and unirradiated reacticn of oron-10 with thermal neutrons.

(Feported in more detail in ORNL-T¥~-19Cé.)
Hastelloy N + creep + ductility + irradiation
CTHER CATEGCRIES: FEC

FBE68C026
McCoy HE
EFFECTS OF IRRADIATION ON THE HMECHANICAI FRCFEETIES CF TWO VACUUM-

Accession Numker FBE670030 tc FEE680026

85




Page 86

Category F
Hastellcy N and Related Alloys

FBE680026 *Continued*
MELTED HEATS OF HASTELLCY N

Cak Ridge Xational Laboratory, Tenn.

ORNL-TM-2043 (Jan. 1968) , 43 p, 24 fig, 18 ref.
The mechanical behavior of twc vacuum-melted heats cf
-Hastelloy N was tested at 650 and 760 deg C. The material
vas subjected to several therral-mechanical treatments and
then irradiated at 650 and 760 deg C to a thermal dose of
2.3 x 10{20th) neutrons/sq-cm., Tke resclts are ccnmga ted
with those for unirradiated specimens that were given a
similar thermal treatment. The varicus thermal-gecharical
treatrents had scme relatively small effects on the tensile
properties of unirradiated material, tut the creeg
progerties were very similar., The primary effects of
irradiation vwere reductions in the creep- rupture life and
the rupture ductility in both creep and tensile tests,
These observations are explained cn the basis cf helitim
producticn in the metal by the boron-10 (n, alpha)
transmutation.

*Hastelloy N + creep + ductility + heat treatments +

tensile properties + irradiation

OTHER CATEGORIES: FBC

FBE690034

McCoy HE

AN EVALUATICN CF THE MOLT EN-SALT REACTOR EXPERIMENT .

HASTELLOY N SURVEILLANCF SEECIMENS -~ SECCNL GECUE

Cak Ridge National Lakoratory, Tenn.

ORNL-TM-2359 (Feb. 1969), 69 p, 45 fig, 22 ret.
Two rods of standard Hastelloy N from tle surveillance
pcsiticn outside the core vessel were exposed to nitrogen
plus 2 to 5% oxygen for 11,000 hr. The allcy was
comgpatible with this environment, shoving only superficial
oxidation and no nitriding., These sarples were expcsed to
a thermal fluence c¢f 1.3 x 10(19th) neutrons/sq-cm, and both
tensile and creep tests shoved significant changes in
mechanical prcpett1e~, fparticularly the strain at fracture.
These changes are in good agreement witl thcse tcr material
irradiated in heliur in the CRE. Two rods of modifiec
Hastelloy N containing small additicns cf titaniur and
zirccniur frcm the ccre with a thermal fluence of 4.1 x
10(20th) neutrons/sq-cm, showed slightly imprcved
postirradiation mechanical properties and acceptakle
corrosion resistance.

*MSRE + *surveillance + *Hastelloy N + #*modified Hastelloy N +

*compatibility + nitrogen + oxygen ¢ fluorides + creej +

rupture + ccrrosion + irradiation + irradiation +

tensile properties + microstructure

OTHER CATEGORIES: FCE

FBE690044
McCoy HE

Accession Numler FBE680C26 to FBE69004y
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Cateqgory F
BHastelloy N and Related Allcys

FBE69COQM *Ccntinued*
VARIATICN CF THE MECHANICAL PROPERTIES OF IRRADIAEED
HASTELLOY N KITH SIRAIN RATE

Cak Ridge VMational Laboratory, Tenn.

J. Nucl. Mater. 31, 67 {(May 1969), 19 p, 12 fig, 44 ref.
The postirradiation mechanical prcperties cf several heats
of Hastelloy N, both vacuum- and air-melted, have been
measured after exposure to thermal fluences cf 2 to
6 x 1C(2Cth) neutrcns/sg-¢m. At strain rates normally
encountered in tensile tests, the fracture strair is cuite
sensitive tc strain rate in the range cf S5C0 tc €50 deg C.
At €5C degq C a2 minimum fracture strain sas okserved at a
strain rate of approximately C.1% hour; the strain
increased rapidly with increasing strain rate and increased
gradually with decreasing strain rate. Althcugh the
fracture strains at high strain rates differed significantly
for test temperatures of €50 and 760 dec C, the strairs were
the same under creer conditions, A titanium-modified alloy
showed improved resistance to irradiaticn damage.
Qualitative explanations are jiven for each of these
observations..

irradiation + Hastelloy N + mcdifiel Hastelloy N +

ductility + creep + tensile properties + allcy ccmpcsition

OTHER CATEGORIES: FBC

FBE700027

McCoy HE

AN EVALUATICN CF THE MOLTEN-SALT REACTOR EXPERIMENT HASTELLCY N
SURVEILLANCE SPECIMENS -~ THIRD GECUE

Cak Kidge National Laboratory, Tenn,.

ORNL-TM~-2€47 (Jan. 1970), 88 p, 56 fig, 8 ref.

We examined the third group of hastellcy N surveilla rce
samples from the MSKE., Standard Hastelloy N was exposed in
the core to a thermal of 9.4 x 10:(20th) peuvtrcrs sg-cr over
15,2€9 hr at 650 deg C and outside the reactor vessel to 2.6
x 10{19th) neutronsysq-cm over 20,789 hr at 650 deg C. The

- forwer samples were expc«ed to the fuel salt and the latter
‘to nitrogen plus 2 to 5% oxygen, The material seemed quite
compatible with both environments Pcstirradiaticn tests
shovwed that the fracture strain has reduced at 25 deg C and
above 500 deqg C. The reducticn at 2n deg C is likely due to
cartide precipitaticn and that above S0C deg C is due to
helium from boron-10(n,alpha). Accurulated tesults allcw us
to fcllow changes in fracture strain witk therral fluence
“fror 1.3 x 10(19th) to 9.4 x 10 (20th) neutrons/sg-cm. TvO
heats of modified Hastelloy N were¢ irraciated ir the ccre to
a thermal fluence cf 5.3 x 10 (20th) neutrons/sy-cm over 9789
- hr at 650 deqgq C., The postirrediation fprcperties were better
than those c¢f standard Hastelloy ¥,
*MSRE + *surveillance + *Hastelloy N + *modified Hastelloy ) +
*compatibility + nitrcgen + oxygen + fluorides + creer +
corrosion + irradiation + tensile properties ¢ picrcstructure

Accessicn Number FBE6Y90044 to FEE70CCz7
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Category F
Hastellcy N and Related Alloys

FBE700027 *Continued*
OTHER CATEGORIES: FCE

FBE710017
McCoy HE + Gehlbach RE
INFLUENCE CF IKRADIATION TEMPERATURE ON THE CEEEP-RUPTURE
PROPERTIES OF HASTELLOY N
Oak Ridge National Laboratory, Tenn.
Nucl. Technol. 11, 45 (May 1971, 1€ p, 17 fic, 15 ref.
The variaticn cf the rostirradiation creep-rupture
properties with irradiation temperature has beer determined
for air- and vacuun-melted Hastelloy K. The air-melted
material was high imn silicon and tormed a stakle carbide of
the MEC tyre. 1The froperties of this material were not
dependent upon the irradiation temperatuvre cver the range
studied. The vacuur-melted alloys formed a M2C-type
carbide whose size and morpholcgy depended markedly ujcn
the irradiation terperature., When the carbides were finely
dispersed by irradiation at atocut 65C deg C, the
postirradiation prcperties were equivalent to those of the
air-melted material. Irradiation at akcut 7€(C deg C
-resulted in coarser disgersions of the M2C carkide ané
inferior postirradiation properties.
creep + ductility + Hastellcy N + irradiation +
thermal effects + alloy compositicn + micrcstructure +
carbides
CTHER CATEGCFIES: FCE

FBE71C018

McCoy HE

AN EVALUATION OF THE MOLTEN-SAIT REACTCEF EXTFEFIMENT

HASTELLCY N SURVEILLANCE SPECIMENS —-- FOURTE GROUP

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-TM-3036 (March 1971), 91 p, 67 fiqg, 14 ref.
Two heats cf standard Hastelloy Kk were removed from the
core of the MSRE after ¢24,533 hr at 650 deg C, a thersal
fluence of 1.5 x 10(21) neutrons per square centimeter,
and a fast fluence (greater than 50 keV) cf 1.1 x 10(z1)
neutrcns per square centimeter. The mechanical rroperties
have systematically deteriorated with increasing fluence,
However, the change in frroperties is due tc thke heliurn
produced by the B-1(C{n,alrha) 1i-7 transmutation and can
be reduced by changes in chemical comfpositicn. Scme heats
with modified ccmpcsiticn have been exposed to the core of
the MSEKE and show improved resistance tc irradiation. The
corrcsion of the Hastelloy N has been largely due to the
selective removal of chromium, The rates cf tescval are
much as predicted from the measured diffusion rate of
chromium, Other superficial structure modificaticns have
been cbserved, but they likely result from carbide
precipitation along slip kands that were fcrred during

Accessicn Number FBE700027 to FEE7 100 1€
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Hastellcy N and Related Allocys

FBE710018 *Continued¥

machining.
nodified Hastelloy N + MSRE + surveillance + corrcsicr +
creep + ductility ¢+ fluorides + Hastelloy N ¢ irradiation +
alloy composition + molten salts ¢ micrcstructure +
tensile prcperties _
CTHER CATEGCFIES: FEC + IBL + ¥CE

FBX64C015

Taboada &

METALLURGICAL DEVELOPMENTS {IN HSRP EECGR. REET., 7/31/64)

cak Ridge National Laboratory, Tenn.'

ORNL~- 3708 (Nov. 1964), pp. 330-372, ¢7 fig, & ref.
Metallurgical develcpments in support of the FSFE show that
Hastelloy N is satisfactory. Physical, tensile, creej, and
fatique fproperties are given, Compatibility is excellent
with circulating molten fluorides, graphite ir gclten

fluorides, and air to 1800 deg F. Fabrication is described,

including a complex heat exchanger. Anrealing is needed
after cold work, and attention to composition is required
to ensure ueldablllty. Irradiaticn causes scme lcss cf
tensile strength and ductility. Inconel-clad gadolinia-
alumina control rod elements were fatktricated.

*Hastelloy N + brazing + ceramics + compatibility +

control rods + corrosion + creep + density ¢+ ductility +

electrical conductivity + elasticity + erosion +

expansion + fatrication + fluorides + graphite +

heat exchangers + heat treatments + inconels + irradiation +

joints + loop + machining + melting ¢+ casting +

metallography + MSRE + oxidation + physical properties +

procurement + progress report + rare earths + revieus +

specific heat + specificaticns + surveillance + testing +

therral conductivity + welding + micrcstructure +

tensile prcperties + fatigue + molten =alts

CTHER CATEGCRIES: ACE

FCCE9C04B
Sessions CE 4 lundy TS
DIFFUSION OF TITANIUM IN MODIFIED HRASTELLCY X
Cak Ridge National Laboratory, Tenn, :
ORNL-TM=-2392 (Jan, 1969), 24 p, 7 fig, 13 ref. :
Diffusion coefficients of titanium-44 ir titariva-modified
"Hastelloy N were deterrined over the range ECC to
125C deg C by serial sectioning Lty latheing cr grindirg and
counting by gauma—cgectrcccdpy. The data were fitted tc
D = {15.3 fplus or minus 2.2) exp({-73,000 plus or minus
3300/ET) sy~cm/sec, Results were used tc predict the
maxirum .loss by diffusicn of titanium from the alloy in a
typical molten-salt breeder reactcr at 700 deg C.
Expected increases cf titanium in the mclten salt are no
more than 5 to 10 ppm for two years cf cperaticr, based on

Accessicn Number FBE710018 to FCC6Y004E

89




Page 90

Category F
Hastellcy N and Belated Aalloys

FCC690048 *Continued* ;
a sipplified diffusion model. Also published as J. Nucl.
Mater. 31, 316-22 1969). o

diffusion + titanium + modified Hastelloy N

FCC69C049

Sessions CE + Lundy TS

DIFFUSION OF TITANIUM IN MODIFIED HASTEILOY N

Cak Ridge NKational Lakoratory, Tenn.

Je Nucl. Mater. 31, 316 (July 1969), 7 p, 5 fig, 13 ref.
Diffusion coefficients of titanium-44 ip titariuvm-
mcdified Hastellcy K were determined over the range ot
800 to 1250 deg C ty serial secticning ty latkeing cr
grinding and ccunting by gamma-spectroscopy. The data vere
fitted to D = (15.3 plus or minus 2.2) exp{(-73,CCC flis or
minus 33C0/RT) sg-cm/sec. Results were used to predict the
maximum loss by diffusion of titaniur frcio the alloy in a
typical rolten-salt breeder reactcr at 700 deg C. Exjected
increases of titanium in the molten salt are no more than
S to 10 ppm for two years of cgeraticn, based c¢r a
simplified diffusicn model. Also published as CFNL-TEK-2392.

diffusion + titanium + modified Hastelloy N

FCC70C040

Sessions CE

INFLUENCE OF TITANIUM ON THE HIGH TEFEEFATURE DEFCEMATICN

AND FRACTURE FEHAVIOR OF SOME NICKEL BASED ALLOYS (THESIS)

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-4561 (July 1970), 189 p, 44 fig, EFf ref.
Adding 0.5% titaniuw to nickel-1z% molytdenum-7%
chromium-0.06% carbton decreased the creep rate, ircreased -
stress-rupture life and ductility. Increasing carbcn from
0.0C3 to C,.3% increased rupture life and decreased creep
rate four orders of magnitude and increased ductility
threefold for varicus stresses. Fracture at 650 deg ¢
changed from intergranular at low cartcr t¢ mixed trars-
and intergranular at high carbon for similar heat
treatments, TIncreasing titaniur up tc 1.2x favcred
formation of an MC-type carbide during aging at €50 and
760 deq C rather than the M2C that fcrrs at lcuer
titanium, A heavy distribution of MC at grain toundaries

. resulted in superior ductility in both creep and temnsile

tests, presumalkly ky reducing grain-ktcurdary shecarirg and
lipiting grcwth of cracks., When alloys with 1, 2%
titanium werc solution annealed at 1260 deg C ard aged, MC
cartides precipitated on dislocations, causing growth of
stacking faults, which increased strength but impaired
ductility. Small titanium additicns imfroved dUCtllltY of
pure nickel at 600 deg C. :

*modified Hastelloy N + *creep + nickel ¢+ *ductility +

*heat treatments + carbides + precipitation + microstructure +

Accession Numker FCC690048 to FCC700040
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Category F
Hastelloy N and Related Allcys

FCC70C040 *Ccontinued*
*alloy composition
OTHER CATEGORIES: FCaA

FCC700044
Sessicns CE
INFLUENCE CF TITANIUM ON THE EIGH-TEMPEBATURE DEFORMATION
AND FRACTURE BEHAVIOR OF SCFKE NICKEL-EASEL RLLCYS
Cak Ridge National Laboratory, Tenn, '
Scripta Met. 4, 795 {(Oct. 1970), 4 p, 1 ref.
This publication is an atstract of repocrt ORNI-4561 (NSRIS
Accession FCCT700040).
*nodified Hastelloy N + *creep + nickel + *ductlllty +
*heat treatments + carbides ¢ precipitation ¢
microstructure + *allcy ccmposition

FCC710010

Sessions CE + Stansbury EE

THERMAL STABILITY OF TITANTUM-MOCIFIED EASTELLOY N AT

650 and 76C DEG C

Cak Ridge National Laboratory, Tenn,

OBRNL-TN-3321 (July 1971), 43 g, 17 fig, 19 ref,
. The influence of small titaniuc additicrs cn the thersal
stakility cf Ni-12% Mo-7% Cr-0,07% C was investigated.
The mechanical properties at €50 deg C (tensile tests at
0.002/min strain rate and creep tests at 40,CCC gsi stress)
were measured for four heats cf this allcy with titanium
contents fromw 0.15 tc 1.2%. Solution annealing
temperatures were 1177 or 126C deg C, arcd subsecuent
precipitation heat treatments were conducted at 650 and
760 deg C. Titanium increases the stability c¢f a ccmjilex
MC-tyre carbide. At louw titanium levels the FC carkide is
stable at 650 deg C but is unstatle at 760 deg C, whele an
M2C-type carbide is fpreciyitated, resulting in infericr
properties., For the higher titapium ccrcentratices the MC
carbtide is stable cn.aging at 760 deg C and results in
excellent properties after a solution arneal at 1177 deg C.
However, high-titanium alloys are significantly less
ductile it they are solution annealed at 12€6C deg C ard
aged at either 650 cr 760 deg C. The heat with the lowest
carbon content (0.04% C) was most resistant tc prcgerty
changes cn aging up to 10,000 hr at tctt €5C and 76C deg C.

*podified Hastelloy N + *develcopment + #*alloy composition +

theat treatments + aging 4 .creep + ductility ¢

microstructure + tensile: propettles + carbides +

thermal effects : :

FCD71C01¢

Evans {ITI) FE + Koger JW + ceVan JH

CORROSION IN POLYTHERMAL 10CP SYSTEMS 1II. A SCLILC-STTE
DIFFUSICN MECHANISM WITE ANL WITHOUT LIQUID FILM EFFECIS

Accessicn Number FCC700040 to’ FCC710016
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Category F
Hastellcy K and Belated 3lloys

FCD710016 *Continued*

Oak Ridge National Labcra tory, Tenn.

CRNL-4575, Vol. II (June 1971) 74 p, 1€ fig, U9 ref.
The cocrresion ¢f alloys exposed to nonisothersal
circulating ligqguids is important in systems with ligquid
coolants or coclant-fuel combinations. Mathematical
descriptions vere developed to explain transgcrt cf
constituents of allcys. This report specializes to cases

~in which solid-state diffusion in the allocy dcrirates the

corrcsion. Equations are derived for hoth transient and
steady-state cases; transients are negligible.
Applicability is demcnstrated by comparison of predicted
values with experimental results for twc systers. The
first involves hct-tc-ccld-zone transfer of nickel in
Inconel 600 pumped loops circulating sodiux. Actual
corresion is much higher than predicted; this suggests that
the true corrosion reaction overrides a slcw diffusior
process., The second system is transfer of chromium in
Hastelloy N thermal convection locps with mclter salt,
Three examgples are considered; (1) corrosion at all pcints,
transfer to salt only; (2) hot-tc-cold-zone trarsfer; and
{3) ccld-tc-hot-zcre transfer. - Early Cr-51 tracer
experiments (example 1) suygest that solid-state diffusion
applies to certain molten-salt systems.

*corrcsion + *gpodels + *diffusion + analysis +

computer codes + coolant loops ¢+ fluorides + Hastellcy N +

inconels + liquid metals + locp + mass transfer +

mathematics + sodium + models

OTHER CATEGORIES: GCX

FCE690043
McCoy HE + Weir JR
DEVELCPEENT CF A TITANIOM-MOLIFIED EASTELLOY N WITH
IMPROVED RESISTANCE TO RADIATICN CAKAGE
Cak Ridge National Laboratory, Tenn,
Irradiaticn Effects in Structural Alloys for Thermal and
Fast Feactors, ASTM STP 457, Am, Soc. for Testing ard
Materials, 1969, r. 290, 22 p, 11 fiq, 19 ref.
The effects of neutron irradiaticn on thke bigk-temperature
mechanical rrcperties of Hast2lloy N are generally thsat
the creep-rupture life and ductility are reduced. 1he
ductility is a strorg function of the strain rate and showus
a minimum at a minimum creep rate of atcut 0.1 %, /hour.
The resistance to radiation damage can ke enhanced greatly
by adding titanium., The postirradiaticn creef~-rugture
ductility and strength rise sharply as the titanium ccntent
is increased above 0.3%. Postirradiaticn creeg-rupture
- tests at 650 C cn srecimens irradiated to a thermal fluence
of 5 x 10(20th) neutrons/sq-cs indicate that a ductility
minimum still exists as a function of strain rate.
However, the minimum strain is 3 to 5% as ccmpared with

Accessicn Number FCD71001€ to FCEGSCCUJ
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Hastelloy N and Related Allcys

FCE69C043 *Continued*
0.5% for the standard alloy. . In-treactcr creef-rUfture
tests indicated the same improved properties.
irradiation + ductility ¢+ creep ¢ Hastelloy N +
modified Hastelloy N + allcy composition

FCE71C€004

McCoy HE

INFLUENCE OF TITANIUH, ZIRCONIUF, AND HAFNIUM ADCITICNS ON

THE RESISTANCE CF MOLIFIEL :EASTELLOY N TO TRRADATION
DAMAGE AT HIGH TEMPERATURE - FHASE I

Cak Ridge National Laboratory, Tenn.

ORNL-TM-30¢€4 (Jan. 1971), 146 p, 117 fig, 12 ref.
The influence of small additions cf Ti, Z2r, ard Hf cn the
mechanical properties cf a modified Hastelloy N with the
nominal composition Ni~12% Mo-7% Cr-0.2% Mn-0.5% C is
described, Test results are frcem numercus, ssall,
labcratory melts and several 100-1b melts fror commercial
vendors. Additions of Ti, Zr, and Hf igprcved the
properties of the alloy both unirradiated and after
irradiation., 1Irradiation terperature had a marked ef fect
upor the properties of all alloys investigated. Generally,
good properties vere okserved when the irradiaticn
temperature was 650 deg C or less and poor when the
temperature was 700 deqg C or higher. e attributed tbhis
large effect of irradiation temperature to coarsening
of the carbide structure at the higher temperature.

modified Hastelloy N + irradiation + microstructure +

creep + ductility + tensile properties + allocy ccapcsition

OTHEZR CATEGORIES: FCC

FCX690033 ’
McCoy HE + Weir JR + Beatty RI + Cook KH + Rennedy (F +
Litman AF + Gehlbach RE + Sessions CE % Kcger J%

‘MATERIALS FOR MOLTEN-SALT REACTORS

.Cak Ridge National Laboratory, Tenn.

ORNL-TM~-2511 (May 1969), 43 p, 13 fig, 33 ref.

' The contents of this TM are the same as an article
in the Feb. 1970 Nuclear Applications, which see.

MSRE + *graphite + Hastelloy N ¢ *modified Hastellcy N +

alloy composition ¢ mecharical froperties + sealing +

fluoroborates + corrosion + compatitility + iromn allcys +

*reviews 4 progress regort

CTHER CATEGCEIES: ELYX ¢+ ICX

FCX70C02¢

McCoy HE + Eeatty RL + Cook WH ¢ Gehlbach RE + Kennedy CR +
Koger JW + Litman AP + Sessions CE + Weir J§

NEW DEVELCEMENTS IN MATERTIALS FOR MOLTEN-SALT REACTORS

Oak Ridge Naticnal Laboratocry, Tenn.

Nucl. Appl. Tech. 8, 156 (Feb, 1970), 14 p, 1: fig, 34 ref.

Accessicn Number FPCE69C043 to FCX7CCC26
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Category F
Hastelloy N and Related Allcys , { Vo

FCX70C026 ¥*Ccntinued*
Operating experience with the Molten-Salt Reactcr Experiment
(YSBE) has demcnstrated the excellent compatikility
of the graphite-Hastelloy N-fluoride salt systern at
650 deg C. Several improvemeats in materials are needed
for a molten-salt kreeder reactor with a basic fplant
life cf 30 years; specifically, (1) Hastelloy N with
improved resistance to emirittlement ty therzal peutrcns,
{(2) graphite with better dimensional stability in a
fast neutron flux, (3) graphite that is sealed to ottein
very low surface permealtility, and (4) a seccrdary coclant
that is inexpensive and has a melting point of akout
400 deq C. A brief description is given of wcrk in
progress to satisfy each of these requirements. Significant
improvements are being made in each area. (Ibic Fafer
was also published as CRNL-T¥-2511,)

MSRE + graphite ¢+ Hastelloy N ¢+ modified Hastellcy N +

alloy composition + mechanical froparties + sealing +

molten salts + fluoroborates + corrcsion + compatibility +

iron alloys + reviews + frogress report

CTHER CATEGCRIES: ELCX + ECX

FXX69C047 ; .

tcCoy HE

THE INOR-E€ STORY

Cak Ridge National Lakoratory, Tenn.

Review (Oak Ridge Naticnal laboratory) 3, 35 (Fall 1969)

15 p, 9 fiq.

Semitechnical language reviews the development of
Hastelloy N, and descriltes the current frcgran tc irpicve
irradiation stability. Studies of compatibility with
molten tluorides, oxidation resistance, strength and
fabricability led tc the basic nickel-base alloy
containing 15-18% Mo, 6-8% Cr, S% Fe, 1% Mn, and 1% Si.
Mcre recent studies of microstructure and mechanical
properties as intluenced Ly irradiation shce the need for
reducing siliccr and molybdenur and adding small amounts of
titanium, hafniuw, and niotius.

revievs + Hastelloy N + mcdified Hactelloy K + development +

alloy composition :

OTHER CATEGORIES: FCX

Accessicn Number FCX790026 to FXX690047 .
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Materials Other than Hastelloy N and Grafphite

"GAX670033
"Stiegler JO + Weir JR

EFFECTS OF IEREDIATICN ON [UCTILITY
Oak Ridge Naticrnal Laboratory, Tenn. :
Chap. 11, p. 311 in LCuctility, Papers Presented at a ferminpal
of the American Scciety for Metals Oct 14-15, 1967, ASH,
Metals Fark, Ohio, 1968, 3Z p, 19 fiqg, 58 ref.
The mechanisms and effects of radiation damage to metéls are
presented, with emphasis on effects on tensile elcnga ticn.
Displacement cascades from fast neutrons and transmutation
effects, including the introducticn of Leliurm, are treated.
Many examples show effects of several variables. Most
results are shown for type 304 stainless steel, ircluding
titanium-modified material. Some results are given fcr
Hastelloy N, molybdenum, and tungsten, Electicr micrcgrarhs
shcew bubbles and other damage. Also published as
CRNIL-TM=-2019, AC-GAE680028,
*ductility + *stainless steels + Hastelloy N + molykdenum +
tungsten + *irradiation + tensile properties + micrcstructuie
OTHER CATEGORIES: FBE

GAX680028

Stieqler JO + #Heir JR

EFFECTS CF IRRARDIATICN ON CUCTILITY

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TH¥-2019 (Jan., 1968), 55 p, 19 figy, 58 ref.
The mechanisms and effects of radiation damage to metels are
presented, with emphasis on effects on tensile elcnga ticn.
Disrlacerent cascades from fast neutrons and transmutation
effects, including the introduction of Lkelium, are treated.
Many exarpples show effects of several variables. Host
results are shown for type 304 stainless steel, including
titanium-nmodified material. Some results are given fcor
Hastelloy N, molybdenum, and tungsten. Electicr micrcqgraghs
shov bubbles and cther damage. Also putlished as pp.
311-342 in PCuctility, Papers presented at a Seminar of the
American Scciety fcr Metals Cct 14-15, 1967, RS5¥, Hetals
Park, Chio, 1968, AC-GAE670033, '

*ductility + *ctainless steels ¢+ Hastelloy M + molykdenum +

tungsten + *1rrad1at10n + ten511e properties + m1c:c=txuctuxe

OTHER CATEGORIES: FBE

GAX?OOOQS

Koger JW. + Litgan AP :

CATASTROPHIC CCRRCSION OF TYPE 304 STAINLESS STEEL IN A

~ SYSTEM CIRCULATING FUSED SCDIUN FIUCFCBCFATE

Cak ERidge National Laboratory, Tenn.

ORNL-TM-2741 (Jan. 1970), 22 g, 5 fiq, 12 ref.
R type 304 stainless steel liquid level prcke ccntacted
sodiur flucrcbcrate cortaining 8 mole % sodium fluoride in
an Inconel 600 pump loop at ccnstant temperatures in the
range S54C to 690 deg C for 192 hr. The probe exhibited

Accession Number GAX€¢7C033 tc GAX7CCCUS
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Materials Other than Hasctelloy N ard Graghite

GAX70€045  *Ccatinuedx
heavy attack, evidence Lty severe leaching cf chrcrium, iron,
manganese, and siliccn frcm the alloy. Equivalent uniform
attack was about 4 mils/day. Corrosicn of the stainless
steel, vhich is inferior to nickel-base allcys in fused
flucrides, becare catastrcphic in this system due to
dissimilar-metal effects.

inconels + stainless steels ¢+ corrosion + fluoroborates +

liquid level measurement + loop ¢+ molten salts

GCX610002 ,

Adamson GF + Crouse RS + Manly WD

INTERIM REPORT ON CORROSICN BY 2IRCCNIUFr-BASE FLUCFILES

Cak Kidge Kational Laboratory, Tenn,

ORNL-2338 (Jan. 1961), 60 p, 34 fig, 3 ref. ,
The mixture NaF-ZrF4-UF4 (50-46-4 mole %), was circulated
in thermal convecticn lcogs feor £C0 to S00C hr at a het-
leg temperature of 1500 deg F. 1In Inconel-600 loops,
subsurface voids were formed Lty selective leaching cf
chrcrium., After 500 hr of operation the voids were found
to depths of about 10 mils, and the depth increased akout
4 mils/1C0C hr. 1The effects >f time, hot-leg temperature,
temperature drop, fluoride pucity, lccr size and shape, and
inhibitors on the deprth of corrosion vere studied. The
attack was reduced when a portion of the uranium was
trivalent, A fev tests were arried out in loops
constructed from nickel, stainless steels, ircn, Hastelloy
B, Eclybdenum, and niobium., A limited amount of work was
done on Inconel loops circulating alkali-metal-ltase
mixtures (NaF, LiF, KF, UF4) «xith portions of the uranium
in the trivalent state., Reduced attacks were fcurd.

*corrosion + *fluorides + *inconels + iron + metallography +

molybdenum + thermal convection + loop + nickel +

stainless steels + *poltenr salts + npiobium ]

GCX680030

McCoy HE + McElrcy DL .

ELECTFICAL RESISTIVITY ANCMALY IN NICKEL-BASE ALLOYS

Oak Ridge Naticnal Labcratory, Tenn,

Trans. ASM (Am. Soc. Metals) €61, 73C (Dec. 19¢€¢8), 12 f,

16 fig, 17 ref.

The electrical resistivity of eiglt nickel-base allcys
containing ircrn, chricmium, and molybdenum was measured to
1000 C. Alloys with more than SC wt % Ni shcved a ragid
increase in resistivity betsegen 400 and 600 C and a
decreasing resistivity from akocut 60C tc 1CCC C. Fcr
these alloys the resistivity below 600 C can ke changed by
annealing and by cold working. 1The resistivity c¢f alloys
with less than S50 wt % Fi increased with temperature with a
slope decrease between 400 and 6CC C. The ertfects cf
annealing and cold vorking were relatively minor for these

Accession Number GAX7CCO4S tc GCX680C3C
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GCX68C030 ¥*Ccntinuedx
alloys., The resistivity variations doc not unigquely derend
on any one alloying constituent although there is a weak
correlation with the total nickel contert. Electron
micrcscope results indicate that these changes may ke
associated with short-range crder.

electrical conductivity + nickel + inconels + Hastellcy N +

heat treatments

GDX69C042
Koger JW + Litman AP
COMPATIBILITY OF MOLYBDENUM-BASE ALLCY TZM WITH LITEIUMN
FLUCRIDF-EERYLLIUM FLUORICE-THORYUM FLUORIDE-URANIUN (IV)
PLUCRIDE (68-20-11.7-0.3 mcle %) AT 1100 deg C
Cak Ridge National Laboratory, Tenn.
ORNL-TM-2724 (Dec. 1969), 16 f, 2 fig, 9 ref.
The T2ZM alloy (Mo-0.5% 7i-0.08% 2r-0.02% C) showed very
little attack by the fused salt (LiF-BeF1-T1hFU-LF4,
68-20-11.7-C.3 mole %) at 1100 deg C for 1011 hr.
Corrosion manifested itself as leaching cf titarium ard
possibly zirccrium frcm the alloy. The TZM alloy exposed
to the salt partially recrystallized, wkile tkat exposed
to the vapor did nct. This recrystallization was
attributed to the removal of titanium ard zikccrium, OD
the tasis cf this single test the magnitude and mechanisn
of corrosion indicate no serious froklegs fcr lcng-teIm
use ot TZM in the vacuum distillation processing schere

for the ¥olten Salt Breeder heactcr. Hcwever, the strength

prorerties cf the TZM allcy would approach thcse of
unalloyed molytdenum as salt exposure 1ncred=ed- this is
nct ccnsidered a chblem now,
compatibility + corrosion + molykdenum ¢ prccessing +
distillaticn + equiprent + capsules + PSBF + molten salts

GDX710025

Nicholscen EL

CCNCEETUAIL CESIGN ANLC BEVELOPMENT PROGRAM FOR THE

MOLYBDENUM REDUCTIVE EXTRACTICN ECULEMENT TEST STANI

Cak Ridye National Laboratory, Tenn,

ORNL-CF-71-7-2 (July 1971), 45 p, 5 fig, 24 ref.
Reductive extraction reprocessing of mclten-calt breeder
reactcr fuel requires that the fuel salt be contacted with
molten bismuth containing lithium and tkoriur metals (as
reducing agents) in crder to remove protactinium and rare
earths from the tuel salt., Bismuth is extremely corrcsive
tc the usual materials cf construction for molten salt
systems, but molybdenum appears to have adeguate corrcsion
resistance., To date, difficulties in tatricaticr of
molybdenum have ruled against its use for vessels for
engineering-scale experiments tut develcpment wcrk in
progress indicates that equipment for reductive extraction

Accession Number GCX68003C tc GDX710C25
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GDX710025 *Ccntinued*
reprocessing can now be fabricated from this material. A
spmall packed cclumn, rerresentative of a typical equigment
unit in reductive extraction regrocessirg, will be built of
molybdenum and operated for metallurgical and chemical
engineering evaluation in a versatile test stand in which
this and future molybdenum components may be tested. This
report describes the conceptual designs of the test stand
and eclybdenum equipment and discusses the fakrication and
process development work that will Le required before the
equirezent can be designed and built. A brief summary of the
state of the art of molyktdenur metallurgy is alsc included.

*conceptual design ¢+ *reductive extraction process + :

*extraction columns + *molykdenum ¢ *fakricatiom +

*bismuth ¢+ molten salts + *test facilities + ESBE +

development + plans + materials &

OTHER CATEGORIES: LDB : !

GFX660023

Tolson GM + Taboada A

A STUDY OF LEATL ANLC LEAD-SALT COBROSION IN THERMAL-

CONVECTION LOOPS

Cak Ridge Mational Laboratory, Tenn.

ORNL-1TM- 1437 (Apr. 1966) 19 g, 10 fig, 5 ref.
Thermal-convection loop tests cf several structuzal allcys
were cperated using circulating molten lead. Screening
tests included carbon steel Letween $C0 and 11CC deg F,
type 410 stainless steel between $10 and 1Z21C deq F,
Croloy 2-1/4 under roth conditions, and nicbium 1%
zirccrium between 1000 and 14CC deg F. 1Iwc lcops ccntained
surge tanks in which flvucoride salts, Nb-1% Zr alloy, and
graphite were placed in contact with the lead tc¢ determine
the compatibility of these materials in a direct-cooled
lead system, BAll of the steel lccps terded tc flug ir the
ccld regions because dentritic crystals of iron and
chromium formed. The hot-leg attack ccrsisted cf general
surface removal, with a few large pits extending to a
greater depth. The NLk-1% Zr alloy shcwed nc measurable
attack; towever, nicbium crystals were found in the ccld
leg of a loop that operated SCCC br.

compatibility + *thermal convection + *corrosion + #*iron +

linings + #*lead + liguid metals + *gass transfer +

secondary systems + *cstainless steels + coolants '

GGX670034
Tolson GM + Taboada A
MSRE CONTECL ELEXNENTS: MANUFACTURE, INSPECTION, DRAWINGS,
AND SPECTIFICATIONS
Cak Ridgye National Laboratory, Tenn.
ORNL-4123  (July 1967) 53 r, 8 fig, 7 ref.
The control elements for the Molten Salt Reactcr are

Accessicn Number GDX71C0Z5 to GGXETCC3Y
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GGX67C034 *Ccntinued*
Gd2C3-21203 bushings canned in TInconel. Tke refcrt
includes material selection and development of faktrication
methods, The can was made frcm fully irspected Inccnel
closed by four TIG welds., The Gd203-212C3 bushings were
made by conventional pressing ‘and sintering sethcds after a
special prereacticn step was used. The bushings were
given thermal shock tests, weighed, dimensicnally
inspected, and given a final visual inspection for chips
or cracks. As-built drawings, specificaticns, and
manufacturing procedures are included. By methcds
described in this report, 160 MSRE ccntrol rcd €lements
were ranufactured.

welding + specifications + rare earths + MSRE +

nickel alloys + incorels + *fabrication + #*control rods +

ceramics

GXx68CC39

Metzger GE

SURVEY OF STRUCTUPRAL MATERIALS FCR THE FOLTEN SAILT

EXPERIMENTAL (MCSEL) REACTOR

Wwright-Patterscn Air Force Base, Chio.

Nucl. Eng. and Design, Vol. 7, No. 1, (Jan. 1€€8).
Survey of metal-base structural materials for use in polten
lead and fluoride salts at temperatures ketween 5C0 ard
1C0C deg C. The mechanical fproperties, fakrication and
corrosion properties are considered with resgect to tke
Molten Salt Experimental MOSEL Reactor Concefgt.

*alloy cospcsiticr + *ccnverters + lead cooling +

corrosion + fatrication + mechanical properties +

molten salts + niobiurm + tantalum

Accession Number GGX€7C034 to GXX6EC(C3S
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HAX70CO50

Kedl FJ

FLUID DYNAMIC STUDIES OF THE FOITEN-SAIT EEACTCE EXEEFFIMENT

CCKE

Oak Ridge National Laboratcry, Tenn.

ORNL~TM-3229 (Nov. 19, 1970), 33 p, 16 fig, 1C ref.
In the MSRE reactor vessel, fluid fuel was circulated at
1200 gpn down through an annular regicn and up through 1140
passages in the grarhite core. The core desiga was based
on preliminary tests in a one-fifth scale mcdel, follcwed
by detailed measurements with water scluticns ir a
full-scale mockup cf the reactor vessel and internals.
This report descrites the models, the testing, and the
data fron which velccity, pressure drop and flow patterns
are deduced, It also descrites hcw the reasurerents sere
extrarolated tc moclten salt at 1200 deg F in the actuel
reactor., The few olservations possikle in tke reactor were
consistent with the rredicted behavior.

cores + desiqgn + development ¢ flow measurement +

filuid flow + MSRE + reactcr vessel + models

HBX620006

Smith PG

WATER TEST DEVELCEMENT OF THE FUEL PUMP FOR THE MSRE

Oak Ridge Natic¢nal Laboratcry, Tenn. :

CRNL-TM-79 (March 1962), 47 p, 19 fig, € ret. _
A vertical-shaft, sumg-type centrifugal pump with
overhung impeller, of conventicnal hydraulic design was
specified for circulating molten salts in the MSFE., This
report describes vater tests c¢f a prctctype, including
hydraulics and the ferfcrmance of a spray device for
stripping gas from the circulating liquid.

*development + ¥*MSRE + *prototypes ¢ *pumps ¢+ components +

design + hydraulics + testing

OTHER CATEGORIES: MAB

HBX670042
Smith PG
EXPERIENCE WITH HIGH-TEMPERATURE CENTRIFUGAL PUMPS 'IN
NUCLEAR REACTORS AND THEIR APFLICATICY TC MECLTEN-SAIT
THEEMAL BFEELER REACTORS
Oak Ridge National Laboratory, Tenn,
CRNL-TM-1993 (Sept. 1967) 44 p, 12 fig, 8 tab, 24 ref.
Design features, development fproblems, and operating
experience were compiled for liquid-metal- ard
molten-salt-circulating pumps used in various nuclear
reactors and test facilities, The compilaticn was gade to
determine problem areas and select combinations cf features
for the pumps required ty eack of the tiree nmcltensalt
systens. The short-shaft pump is favored for the
coolant-salt system Lkecause of reliatility, tke lcng

Accessicn Number HAX700050 to HEX670042
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HBX670042 *Continued* ‘
shaft for fuel and blanket salt systems because it provides
greater thermal and radiation protectice tc tke drive motor.

*design + *development + *liquid metals + *molten salts +

*punps + *reviews + MSER + two-fluid reacter

HBX69C058

Grindell 2G o HcGlothlan CK

CONCEPTUAL SYSTEM DESIGN DESCRIETICN OF THE SALT EUME TEST

STAMD FCR THE MOLTEN SALT EREEDER EXPERIMENT

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-2043 (BAug. 1969) 53 p, 7 fig, 9 tatk.
A stand is required to test the salt pumps for the Molten
Salt fFreeder Experiment (MSBE). It will be designed tc
acccercdate pumps having capacities rancing fror 30C0 tc
700C gpm and operating with salt of specific gravities to
3.5 at discharge pressures to 40C psig and temperatures to
130C deg F ncrmally and to 1400 deg F for short times. Both
the drive-motor electrical supply and tte teat removal
system for the locp will be designed for 1500 hrg.
Preventive measures to protect personnel and equigment from
the hazardcus effects of a salt leak will be taken.

*description + *MSBE + *pumps + - *test facilities + decsign +

develcpment + rolten salts + frlans + testing

HBX690059
Wilson LV + Grindell AG : '
PRELTFINAFY SYSTEMS L[ESIGCN CESCRIPTION (TITLE I DESIGN) OF
THE SALT PUMF TEST STANI FOR THE MOLTEN SALT BREEDER
EXPERIMENT '
Cak Ridge National Latoratory, Tenn.
ORNL-TM-2780 (Dec. 1969), 100 p, figs, tabs.
The preliminary system design descripticn and tke Title I
design calculaticns of the test stand are presented.
Descriptions, functions, and design requirements for
compcnents and subsystens are provided. The princigles of
operation of the - test stand, the safety precautions, and the
maintenance philosophy are discussed. The Quality-Assurance
- Programw Plan is being frepared. '
*description + #*MSEE + *pumps + *test facilities +
design + develcpment + mcltenA<alts + plans + :
guality assurance :

EBX70C012
Saith BG T : ~ ,
DEVELOPMENT OF FUEL- AND COOIANT-SAIT CENTFIFUGAL EUKES FOR
THE MSRE
Oak Ridge National Labotatory, Ienn.,
CRNL-TM-2987 (Cct 1970), SO p, 18 fig, 15 ref. ,
The two salt purps in the MSRE are vertical-shaft sumgp
pumps with overhung impeller and cil-lubricated learings.

Accession Numlter HBX€7C04z ta HEX7CCC12
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HBX70C012 *Ccntinued*
The fuel pump delivers 1200 gpm and the coclant pumg 800 qgpm
of salt at 1000 - 1200 deg F. The fuel pump is designed for
renote replacement of the motcr cr entire rctary element and
includes in the pumfp tank a sgray device fcr rexoving xenon
fror the circulating fuel. A replacement fuel pump vith
larqer tank and longer shaft was develofped but rever
installed. This regcrt describes the development, testlng
with molten salts and performance in the MSRE.

*development + *MSRE + *pumps ¢+ components + design +

experience + hydraulics + maintenance ¢ moltep salts +

testing

CTHER CATEGCRIES: HMAR

HCX68C037

Kedl EJ + PFcGlothlan CK

TUBE VIBRATION IN MSRE PRIMARY HEAT EXCHANGER

Cak Ridge National Lakoratory, Tenn,

ORNL-TM~2C98 (Jan. 1968) 43 p, 8 fig, 4 tab, 16 ref.
The primary heat exchanger for tke Mclten Salt Reactor
Experiment was ccmfleted in 1963. Preoperational tests with
vater revealed excessive tube vibration and high fluig
pressure drop on the shell side of the exchancer.
Modifications were made to correct these deficiencies., Fron
January 1965 through November 1967 the heat exclkanger has
operated fcr abcut 14,0C0 hrs in molten salt without
indications of leakage or change in perfcrrarce. -

*design + *develcprent + *heat exchangers + *FSRE ¢

experience + hydraulics + testing ¢+ vilraticn

OTHER CATEGORIES: MAB

HCX710022
Bettis CE + Crcwley %K + Nelms HA + Eickel TV +
Siman-Tov ¥ + Stoddart WC

COMPUTER PROGRAMS FOR MSBR HEAT EXCﬂANGERS

Cak Ridge Kational Lakoratory, Tenn.

ORNL-TM-2€61% (April 1971), 158 p, 7 fig, 22 ref.
Three programs were developed to make design calculaticns
for the heat exchangers fcr molten-salt reactors. The
programs are: for the primary heat excltangers, PRIME);
for the reheaters, RETEX; and for the steam generator- 7
superheaters, SUPEX. EFEach type ct exchanger is described,
the basic equations used in each analysis are given, and
the logic used in each program is discussed briefly ir this
report. The rrcgracs developed were used in designing the
four 556 MW primary exchangers, €ight 3€.6 MW reahbeaters,
and sixteen 121 MR stear generator superheaters, All are
basically baffled shell and tule exckancers; the stearw
generator superheater is a U-tube, U-shell exchanger.
Flow diagrams, lists of input required and cutptt received,
corplete program listings, and the nomenclature for tke

Accession Numker HBX70001z tc HCX71CCZ2
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HCX71C022 *Ccntinued*
programs as well as exarple computer input and cutput fcr
the exchangers described are appended.
*computer codes + *heat exchangers ¢ *MSBR + prirary salt +
secondaty salts + stearm generators + steam cycle + stress +
thermal properties ¢ analysis + fluid flow +
conceftual design + design data + expansion ¢
single-fluid reactors + fluoroktorates + viktration +
Bastelloy N
OTHER CATEGCEIES: HEX

HFX62C007

Richardson ¥

DEVELOPMENT OF FREEZE VALVE FCR USE IN PFSRE

Cak Ridge National Laboratory, Tenn.

ORNL-TM-128 (Feb. 1962), 24 p, B fig, 2 ref.
Early in the MSRE development prcgrar tlree typec of
devices were tested for blocking flow in small salt lines
by freezing a plug in a restricted secticn, After 10C
test cycles, one design was caosen for further development
and testing.

development + freeze valves ¢ MSRE + prototypes +

testing

OTHER CATEGORTIES: MNAB

HIX660026

Hitch BF + Ross BG + McDuffie HF

TESTS OF VARKIOUS PARTICLE FILTERS FOR REMOVAL OF OI1 MISTS

AND HYDROCARBON VAPOR .

cak Ridge National Labkoratory, Tenn,

ORNL-TM-1€23 (Sept. 1966) 27 ¢, 9 fig, 3 tab.
various filter and adsortent paterials were exazined fcr
possible use in the remcval of 0il mists and hydrocarton

103

vapors, A controlled flow of cil was irjected into a heated

nickel reactior vessel to cause vaporization and some
cracking of the o0il, ‘Heliuw flcwing thrcugh the reacticn

vessel carried the c¢il mist aiad hydrocarbon vapor thrcugh a

filter system, Filter effectiveness was detercined by the
use of a combinaticn of felted metal fikers and ceramic
fibers in a configuration progosed fcr use in the MSRE.
Granulated charccal removed hydrocarbon vapors (C-6 and
above) in a manner consistent with the established
adscrpticn isctherms fcr this material.

*development + *filters + *off-qgas iystems + adscr;t1cr +

charccal + compcnents ¢ filtration + hydrocarktons +

materials + mists + MSRE ¢ testing

HXX64C019

Scott D

COMPONENT DEVELOPMENT IN SUPPFCRT OF MESEE (EART CF MSKE
SEFIANN EFCG EEPT 7/31/64)

Accession Number HCX71002Z to HXX6uUCC1¢
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HXX640019 *Continued*

Oak Ridge Naticnal Labora tory, 1lenn.

ORNL-3708 (Nov. 1964), pp 167-190, zu4 fig.
Development and cperaticn of prototype units for evaluation
of performance and maintainatility are described in this
paper. Included are the core hydraulic mockup, the heat
‘exchanger hydraulic tests, electric heaters, freeze flanges,
freeze valves, contrcl rods and drives, and the fuel
sampler-enricher.

comnponents + developrent + maintenance + MSEE +

prototypes + testing

OTHER CATEGORIES: MAD

Accessicn Number HXX640019 to HXX640019
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TAA650024

Alexander LG + Carter W®WL + Craven CW + Janney LB +
van Winkle R

MOLTEN-SALT CONVERTER REACTGR'-- DESIGK STULY ANL CCST
ESTIMATES FOF A 1000-MWE STATION

Oak Ridge Naticnal Laboratory, Tenn,

~ ORNL-THM-1060 (Sept. 1965), 348 p, U5 fig, 112 ref.

In 19€1-1962 a study was made of a molten-salt converter
reactor based on technology tp te demcnstrated ir the MSBR.
The ccncefptual design is a one-fluid reactcr sith
cylindrical graghite mcderator elements in a 20-ft reactor
vessel., Ten cu ft of salt (of 25C0 cu ft) is remcved
daily for recovery and recycle of uranium in a central
plant serving many such reactors. With highly enriched
U-235 feed the equilibrium conversion ratio is 0.90.
Estimated power costs encourage ccntlnued effcrt cn
mclten-salt reactors

*conceptual design + *converters + *costs +

treeding ferformance + design data + economics +

fluorination + MSEP + plans

IAA66C030
Kasten ER + Bettis ES + Fauman BF + Carter WL +
McDcnald WB + Rcbertscn RC + Restsik JH
SUMMAKY OF MOLTEN-SALT BREELER REACTOR DLSIGN STUDIES
Oak Ridge Naticnal Labcratory, Tenn.
CONF-66-524 (Proc. 2nd Int. Thorium Fuel Cycle Symgpcsiunm,
Gatlinburg, May 3-6, 1966), pp. 41-63, 7 fig, 4 ref.
This paper discusses molten-salt tcactor techrclcgy ard
presents a concegtual design, breeding performance, and
cost estimates for a two-region, two-fluid MSBR with
grarhite tubes in the core. (A more detailed presentetion
is in CENL-3996, IAR2660025.)
*conceptual design + *MSBR + *two-fluid reactor +
breeding performance + capital costs + economics #+
flowsheets + processing + protactinium + thcrium

IABST7COU3

Briggs KB

EFFECTS OF TIRRADIATION ON THE SERVICE LIFE CF THE

MOLTEN-SALT FEACTOR EXPBERIMENT

Oak Ridge Naticnal Laboecratory, -TIenn,

ANS Trans. 10{1), (June 1967), pp. 16€-167.
Therral nreutrcon irradiation adversely afrects the
high-temperature stress-rupture life of the Hastellcy that
was used in the MSRE. An allowance was made in the design
for damaging eftects of :irradijation, tut the much better
understanding cf the effects, obtained during the years the
reactor vas being tuilt, indicated that the allcwance might
not be sufficient and that the service life of the reactor
should be reevaluated. <Concluded that the reactcr vescsel

Accessicn Number IAA6H002z4 to TAB670CH43
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IAB670043 *Continued*

would have a minimur service life of 20, 00C hr.
*analysis ¢+ *Hastelloy N + *MSRE + *operation +
#*radiation damage + *stress :npture + design ¢ limits +
plans + reactor vessel
CTHER CATEGCRIES: MAR

IAC6€C024 _
Kasten FR + Bettis ES + Fauman HF + Carter WL +
McDcnald WB + Rcbertson RC + Westsik JH

SUMMAFY CF MCLTEN-SALT BREECER REACIOR DESIGN STUDIE°

Oak Ridge National Laboratory, Tenn. -

CRNL~TM-1467 (March 1966), 31 p, 7 fiq, 11 takles, U ref.
A preliminary report cn the conceptual design studies of a
two-fluid two-region molten-salt therral-breeder reac tor
power staticn cf 1000 Mwh{e) capacity. 2 much more detailed
report on the same studies was sutsequeptly putlished as
OBRNL-3996, MSRIS accession IAC660025, which see.

*¥SBR + *conceptual design + *performance + *power ccsts +

reactcrs + containment + structures + molten salts +

processing + neutron physics + *twc-fluid reactor

IAC66CC25

Kasten PR + Pettis ES + Rokertson RC

DESIGN STUDIES OF 1000-Mu(e) PFCLTEER-SALT BEEELER EFERCTCES

Cak Eidge MNational Lakoratory, Tenn.

ORNL-3996 (Aug. 1966), 150 p, 43 fiqg, 5z tables, 3C ref.
Design and evaluaticn studies were made of a twc-regicn
molten-salt thermal-treeder reactcr wvhick uses fuel ard
blanket salts separated by the walls of graphite tubing,
which acts as the moderator. A ccolant salt trarnspcrts the
heat fror the primary heat exchangers to steam generators
and reheaters. The reference design fuel salt is
LiF-BeF2-UF4 (68.3-31.2-0.5 mole %), the blanket salt is
LiF-ThF4-BeF2 (71.0-27.C-2.0 ®mcle %), ard the ccclant salt
is NaF-NaBF4 (61.1-38.9 mole %). On-site fuel recycle
processing wds assumed, with fluCride volatility and
vacuum distillation employed fcr the fuel salt and direct
protactinium-rescval prccessing used for the tlanket salt.
Estimated power cost is abtout 2.7 mills, kWkr, tke specific
invertcery about 0.7 kg/K¥W(e), the fuel doubling time about
13 yrs and the estimated fuel-cycle ccst is 0.35 mills/k¥Whr.
General flowsheets and conceptual designs for the reactor,
primary heat exchangers, salt circulatirg puzps and steam
generators are presented. Cost and perfcrrance estimates
are also given. Several alternate designs are triefly
described: (a) a modified primary heat exchanger design;
(b) a system using 580 degy F rather than 7CC deg F
feedwater; .(c) a modular concept using fcur srall reactors _
rather than one large reactor; (d) an MSBR cperating sithout kaﬁ
Pa reroval in the chemical frocessing plant; (e) a concept

Accession Number IAB670043 to 1AC660025
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IAC66C025 *Continued*
in vhich the fuel salt is cooled Ly direct ccntact with
circulating molten lead; (f) a single-stream core-breeder
with direct Pa removal; {g) a lead-cooled reactcr withcut
grarhite moderator cperating in the intermediate-to-fast
range (10 to 20 kev), and {h), a graphite-moderated single-
regicn, single-fluid converter reactor.

*tvo-fluid reactor ¢+ *¥MSER + *conceptual desic¢cn +

*performance + *power costs + *capital equlpment +

*neutron physics + reactors + pumps +

heat exchangers + steam generators + steam systens»+

off-gas systems + fuels + blanket + coolants +

physical properties + breeding perfcrmance +

tuel cycle costs + protact1nlum + lead + converters +

cooling

IACT70C047

Robertson RC + Eriggs RB ¢ Smith OL + Bettis ES

TWO-FLUID MOLTEN-SALT BREEDER REACTCK LCESIGN STULY (STATUS

AS CF JANUARY 1, 1968). '

Oak Ridge National lLaboratory, Tenn.

CRNL-4528 (Aug. 1970), 80 p, 44 fig, 30 takles, 45 ref.
The January 1, 1968 status of the conceptual des=siqgn study of
a 100C MW{e) MSBR fpcver station employing separate fuel and
blanket salts in the reactor is reportec¢., The requirements
fcr Hastelloy N, the graphite moderator and reflector, and
for the fissile, fertile and heat-trarnsgpcrt salts are
discussed and the fprcrerties of the available materials are
tabulated. The selected fuel salt is LiF-BeF2-UFU
(68.5-31.3-0.2 mole %), the blanket salt is LiF-ThF4-LeF2
{11-27-2 mole %) and the coolant salt is NaBF4-NaF
{92-8 mole %). (The lithiupm is separated Li-7.) Ccncegptual
designs are presented fcr the reactors, pumps, primary heat
exchangers, drain tanks and stear-generating equirment,
Flowsheets are given for the 'main systems, but the of f-gas,
afterheat removal, fuel-processing, and steam-fpcwer systems
are described cnly in sufficien detail to indicate
feasibility and to estimate cests. The reference design,
with a pover density of 20 k&/liter and an estimated
graphite life of 8 years, has a treedinc ratic cf 1.0€,
a specific pover of 1.77 MR (t),kg, and a fuel yield of
4,07%/year. The dimensions of the€ fcur reactcr vessels are
about 14 ft D x 20 ft highs The estimated ccrstructicn cost
of the power staticn is about $141/k¥W (1968 prices) and,
based on 14,7% fixed charges and €0% plant factcr, the
estirated power prcduction cost is about 4 mills/kWh. The
estimated fuel-cycle cost is 0.7 gills/k¥b.

*two—fluld reactor + *MSBR + *conceptual design +

tperformance + %pover costs + *capital equipment +

*neutron physics + reactors + contrcl rcds + cérain tarks +

heat exchangers + structures + steam generators + fpumps +
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steam systems + off-gas systems ¢ containment ¢ nclter salts +
coolants + physical froperties ¢+ graphite + neutron flux ¢
breeding performance + fission products + ncble metals +

fuel cycle costs + afterheat :

IAC700051

Bettis ES + Robertson RC

THE DESIGN AND PERFORMANCE FEATURES OF A SINGLE-FLUID

MOLTEN-SALT BREEDER REACTIOR

Cak Ridge National Latoratory, Tenn.

Nucl. Appl. Tech. 8, 190 (Feb. 1970), 18 p, 9 fig, 5 ref.
A conceptual design has fkeen made of a single-fluid 1C00
MW (€) MSBR pover staticn. The reactor vessel is 22 ft
in diam x 20 ft high, of Hastelloy N, with grarhite
ncderator and reflector. The fuel is 0-233 carried ir a
LiF-BeF2-ThF4 rpixture which is molten akove 930 deg F.
With continuous chemical processing tc isolate frctactinium
and remove fission rrodicts, conversion of thorium to U-233
exceeds fissile burnup., The estirated fuel yield is 3.3%
per year. The estirated construction cost of the station
is comparable to PWE total constructicn costs. The pcwer
producticn ccst, including fuel-cycle and graphite
replacement costs, with private utility financirng, is
estirated to be less than that for present-day light-sater
reactors, largely due to the low fuel-cycle ccst and high
plant thermal efficiency. After some engineering
development, such a plant appears feasikle and fractical.
(Conpanicn papers in the same issue discuss the status of
material development, fuel processing, and pctential «f
the MSBR ccncefpt.) _

*MSBR + *conceptual design + *performance + *fcwer cCsts +

*capital equiprent + *paterials ¢ *processing +

*fuel cycle costs + plant ¢ reactors +

heat exchangers + punps + cff-gas systems +

steam systems ¢+ maintenance

IAC71C013

Robertson EC (editor)

CONCEPTUAL DESIGN STUDY OF A SINGIE-FIUID KCLTEN-SAIT

BREEDER EEACTCE

Oak Ridge Naticnal Labcratory, Tenn. .

OBNL-4541 (Feb., 1971), 192 p, 92z fig, €z takles, 12¢ ref.
Concertual design cf a 1000-FW{e) molten-salt thermal
breeder reactor power station indicates that such a plant
is technically feasilkle and econcrically attractive. The
plant operates on the Th - U-233 cycle, using a fuel salt
of the composition -LiF-EeF2-ThFU4-UF4 (71.7-16.0-12.C-(.3
mole %#). The salt is pumped through a z2-ft diam x 2C ft
high graphite-moderated and reflected reactor vessel and
ther thrcugh primary heat exchangers where it is cool ed

Accession Number IAC7C0047 to IAC7 10013
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IAC71C013 *Ccntinued*
from 1300 deg F to 1050 deg F, The ccre graghite is
replaced by rerote wmaintenance procedures at 4-yr
intervals. The chief material of constructicr fcr the salt
systems is Hastellcy N improved by additives to increase
the resistance to irradiation damage. 1Tritiuve, Xe and Kr
are srarged from the circulating fuel salt by helium
bubbles, An off-gas system removes tle fissicn-products
for storage and decay and recycles the helium. 2 1-gfm
side stream of fuel salt is ccntinucusly preccessed to

- remcve Pa-233, reccver the bred U-233, and to adjust the

fissile content, Heat is transported frcm the fcur primary
heat exchangers by a circulating coolant salt, NaEFU4-NaF
(92-8 mole %), to steam generators and reheaters sugplying
a 3500 psia 1000 deg F/ 1000 deg F steam turbine. The
specific inventory of the plapt is 1.5 kg fissile/M¥(€),
the breeding ratio is 1.0€6 and the annual yield is abcut
3.3%. The net therrmal eff1c1mncy is 441%, and the
estimated capital cost is atout the same as fcr a v
light-vater nuclear power station. The fuel-cycle cost is
about 0.8 mills/kWhr, Flowsheets and ccnceptual designe of
the rajcr compcnents are presented. Cost and performance
estimates are tabulated. The principal desigr
uncertainties are in areas of tritium confinement,
fuel-salt processing, graphite and Hastellcy N Lbehavicr
under irradiation, suitability of coolant salt, maintenance
procedures, and the behavior c¢f fissicn-prcduct
particulates. ,

*MSBR + *conceptual design ¢+ *performance + *f[ower ccsts +

*capital egquirment + coolants + physical properties ¢+

graphite + Hastelloy N + reactors + cores + ccntrcl rcds +

drain tanks + heat exchangers + structures + jpumps +

steam generators + steam systems + cff-gas systems +

containmert + peutrcr flux + f[rccessing +

breedinyg performance + fission products + nckle metals +

fuel cycle costs + afterheat ¢ bubbles ¢+ gas separation +

heliur + maintenance + control ¢+ instrunentaticn +

freeze valves + sites + heat generation )

IAC710014

Rokertson RC -

ESTIMATED CCST OF ALLCING A THIRE SALT-CIRCULATING SYSTEM-

FOR CONTROLLING TRITIUM -MIGRATICN IN THE 1000 -K¥ (e) ESBE

Cak Fidge National Laboratory, Tenn,

ORNL-TM-342& (July 1971), 26 'r, 2 fig, 1 ref. o
Controlling tritium migraticn to the steam syster of the
100C-M¥{e) reference design MSBE power station ty ‘
interposing a KNO3-NaNOZz-NaNO3 salt-circulatirg systen to
cherically trap the tritium would add akout $13 millicn to
the total of $206 million novw estimated as the ccst of the
reference plant if Hastelloy N is used to contair the

Accessicn Number IAC710013 to 'T2C710014
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LiF-BeF2 salt employed to transport heat from the fuel
salt to the nitrate-nitrite salt, and atout $1C rillicn if
Inceclcey could be used. The major expenses associated with
the modification are the costs of the additicral heat
exchangers ($9 millicn), the additional pumps ($5 million),
and the LiF-BeF2 inventory ($4.8 rgillior). Scre cf the
expense is cffset by elimination of some equipment frcm the
feedvater syster ($2 million), through use of less
expensive materials in the steam generatcrs ard iehea ters
(abcut $2 rillion), and through an improved thermal
efficiency of the plant (worth akcut %1 millicn). In
additicn to acting as an effective tritium trap the ttird
circulating system would simplify startup and cjperaticn of
the MSBR. A simplified flowsheet for the modified pleant,
a cell layout showing location of the new equiprert,
pbhysical prcperties of the fluids, design data and cost
estimates for the nev and modified equipment are fresented.

*MSHBR + *tritiue + *capital ccsts + conceptual design +

loop + coolants + heat exchangers + fumps + pcwer ccsts +

tuel cycle costs + steam systems

IAD700052

Bettis ES + Bauman HF

FOLTEEK-SAIT CCNVERTER REACTORS

Oak Ridqge Naticnal Laboratory, Tenn.

Power Engrg. Vol. 74 No. 8, 4z (Aug 197C) 3 g, 2 figq.
Develcpment of rapid fuel-salt processing and lcnger-lived
graphite is needed tefore molten-salt Lreeder reactcr fpcwer
staticns are built, The molten-salt converter reactor,
however, is generally within present technclcgy; the
graphite would last the lifetime of the plant and the
occasional fuel processing would invclve cnly the
vell-rroven fluoride vclatility process. The breeding
ratio would be about 0.84, Lut the fuel-cycle ccst woutld be
only about C.8 rillss/kwh and the construction costs are
expected to be attractively lcw. The reactor design
receiving the most study is the type used successfully in
the MSKE: a vessel filled with reflectcr and ecderatcr
grarhite having salt flcw passages formed by grooves in
the faces of the pieces. A petbtle-Led type cf ccnvertar
reactor has a structure that easily accommodates
dimensional changes in the graphite and the cskapes are
econcrical to ranufacture, but the salt-to-graphite ratio
in the core is higher than desired. Thermal reactors
operating cn the Th - U-233 cycle are more efficient than
those using the U-228 - Pu-~239 cycle, but Pu car be used
efficiently fcr startur and makeup fuel. Construction of
a molten-salt converter reactcr wculd lead tc lcw-gcst -
power in the near term, provide a market for the Eu k-;
.produced in light-water reactors, and give irjetus to

®

Accessicn Number IAC710014 to IAD7000%2



»

)]

»)

Page 111

Category 1
Reactor Lesign

IAD700052 *Continued*
develorment of the molten-salt breeder reactor which will
be needed to assure low cost fower in tte future.
¥conceptual design + *performance + MSEF ¢ MSEFE +
*fuel cycle costs + *materials + plutorium + *converters

IAE70C0%9

McWherter JF

MOLTEN SALT BREEDER EXPERIMENT DESIGN EASES

Cak Ridge National Laboratory, Tenn.

ORNL-TM-3177 (Nov. 1970), 54 p, 15 fig, 12 ref.
The design bases for the MSBF are based cn infcrsaticr from
the MSRE and the reference plant design of a 1C(C MR{e)
single-fluid MSBR. Calculations indicate that a 150 K«
(thermal) reactor is a reasonaltle size that peets the
project cbjectives for the MSBE. The primary salt for the
MSBE contains both the fissile (0-233) and the fertile (Th)
material. The heat generated in the primary system is
transferred by a secondary salt 1lcop to the steas
generators, Provisicns are made in the MSBE core to permit
exposure of removakle graphite samples at ccnditicns
similar tc those expected in the FSBE. The pumps and heat
exchangers in the MSBE are similar tc tkose prcpcsed for
the MSBR.

conceptual design + design + design criteria +

design data + grarhite + irradiation ¢+ materials testing +

MSBE + MSBF + reactors + test facilities

IAF57C047

Taube M + Mielcarski M + Poturaj-Gutniak S ¢+ Kowalew A

NEW BOILING SALT FAST EREEDER REACTCE CCNCEETS

Inst. of Nuclear Research, Warsaw, Pcland

Nucl. Engrg. and Design 5 (1967), pp. 109-11Z, 1 fig, 30 ref.
Use of molten chlorides in homrmcgenecus-ccre fast breeder
reactcrs is envisicred, In the SAWA reactor concept the
core is filled with a molten mixture cf
NaC1-21C13-UC13-PuCl3. Heat is removed by boiling in the
core, producing AlcCl3 vapor. The WARS ccncefpt uses UC13
and PuCl3 in a mlxture cf NaCl and KCl, with L0111ng
mercury removing the heat.

*toiling + *cores + *ccnceptual design + *reactors +

breeding performance + chlorides + tast neutrcns +

foreicn + mercury + rolten caltc

IAF670048 '
Taube M + Kcwalew A + Poturaj-Gutniak S + Prielcarski ¥
KCNZEETION DER SALZS IFDEREFEAKTCREN SAWA UND WARS
Inst. of Nuclear Research, Warsaw, Foland
Kernenergie 10 (1967), pp. 184-186, 1z ref.
Fast breeder reactcrs with horogeneous cores cf molten
chlorides are not impossiltle: twc ccncepts have been
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envisioned. In the SAKA reactor concept the core is filled
with a molten mixture of NaCl-A1lC13-UC1l3-PuC13, Heat is
remcved by boiling in the core, producing 31C1l3 vapor.
The WARS concept uses UCl3 and PuCl3 in a rixture of
NaCl and KC1l, with boiling mercury removing the heat.
(This article, in German, is very similar to one in
English: TIAF670047.)

*roiling + *cores + *conceptual design + *reactors +

breeding performance + chlorides + fast neutrcns +

foreicn + mercury + mclten salts

IAF690014

Perry Al

A HIGH-YIELC MCLTEN-SALT EURST REACTOR

Oak Ridge Naticnal Laboratory, Tenn.

Proceedings of the National Topical Meeting on Past Burst
Reactors, Albtuquergque, N. Mex., Jan. 28-30, 1969,
Conf-690102, 387, 15 p, 11 fig, 3 ref.

A pulsed molten-salt reactor eppears cagable of producing
neutrcn fluences of 10(16th) nvt in neutron-irradiaticn
specimens in single kursts with widthks cf less than 1 msec.
A reactor design is presented shich achieves these goels,
using as fuel lithium-uranium fluocride (73-27 ncle %)
eutectic salt. Neutronic, mechanical, and hydraullc
analyses of the reactor are discussed,

*molten salts + *reactors + neutron spectra +

nuclear analysis + neutron fluence + *materials testirg +

*irradiaticn + fuels + excursions + neutron sources +

neutron physics + description + *conceptual design +

experiment + fast neutrons

IBA710005

Tallackson JR

THERMRL RALCIATICN TRANSFER OF AFTER HEAT IN MSBR HEAT

EXCHANGERS

Cak Ridge KNational Laboratory, Teann.

ORNL-TM-314% (March 1971), 108 p, 43 fig, 28 ref.
About 40 percent of the noktle-metal tissior prcdicts are
expected tc deposit cn metal surfaces in the fuel 1oof of an
MSR, predominantly in the heat exchangers, The rcrral means
of afterheat removal is continuved circulation of the c=alts,
but the design must permit afterkeat resoval frca the heat
exchangers entirely by radiative heat transfer without
compromising containment, Steady-state terperature profiles
in £ *'reference design' heat exchangers ranging in size from
94 PFW(t) to 565 MW (t) were corputed. Thke trarsients
folloving a drain were estimated for the largest and
smallest heat exchangers. The maximuz temferatures,
occurring 3 to 4 hrs after shutdosn, were estimated tc ke
about 2100 deg F and 1800 deg F in the £65-MW arnd 94-P¥

Accessicn Number IAF67C048 to IEAT71CC(CS
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IBA710005 *Continued¥
units respectively. The calculated temferatures are
believed to be conservatively high., Elginaticn cf cne of
the two cuter shells frcm the 'reference design' exchéengers
vould reduce steady-state temperatures ty 2CC deg F tc 300
deg F. It is ccncluded that MSER heat exchangers with
ratings of 500 - 60C MW (t) can lte designed tc acccmeodate
safely this worst case afterheat situaticn.

accidents + afterheat + ccoling + design +

radiation heating + heat exchangers + heat transfer + MSBE ¢+

MSBR + nokle metals

GTHER CATEGCEIES: HCX

IBB67C039

{Staff Report)

DESIGN STUDY OF A HEAT~EXCHANGE SYSIE¥ FGE CNE MSER

CCKCEET

0Oak Ridge Naticnal Laboratory, Tenn,

CRNL-TM-1545 (Sept. 1967), 201 p, 9 fig, 12 tab, 4C ret.
A system is described which uses five types of heat
exchangers to transfer the heat generated in the reactcr
ccre cf cne ccrcept of a 1000 MW (e) MFSBF to the
supercritical steam needed to drive a turbine fcr the
generaticn cf electrical power. The two major design
approaches reported here are for flow circuits in which heat
is transferred from the mclten core fuel and fertile
blanket salts to the molten cooclant salt and then tc the
supercritical fluid. 1The Case-A system involves relatively
high fuel- and blanket-salt frtessures in the reactcr core.
These fpressures are reduced in the Case-B system Ly
reversal of the flows of the fuel and Ltlanket salts thrcugh
the reactor core and the respective pumgs and exchangers,
vhile the operating pressures of the coclant-salt system
are raised above thcse in the Case-A system, The criteria
used, assumptions made, relaticnshipgs ewplcyed, and the
teSults cbtained in the design for each of the five types of
exchangers used in these cases are repcrted. The resclting
design for the Case-B heat-exchange systex and the
exchangers appears to ke the tcst workakle cne.

*dea1gn + *heat exchangers + *steam, generators +

*two-fluid reactor + blanket + comptnents + ccmputel ccdes +

molten salts + MSBR + steam cycle

CTHER CATEGCBIES’ IEC :

IBB71C015

Fraas AF

A NEW APPROACH TO THE DESIGN CF STLEAM GENEFRATCKS FCE

MOLTEN SAIT BEACTOERE POWER PLANTS

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-TM-2953 (June 1971), 69 p, 25 fig, 20 ref.
A nev tyre of steam generator has been devised to meet the
special requirements of high-temperature liquid-retal and
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IBB710015 *Continued* : ,
molten—salt reactor systems. The basic design concept is
such that boiling heat transfer instakilities and thkeir
attendant severe thermal stresses are avoided even for a
temperature difference of as much as 10(0 deg F between the
feedvater and the high-temperature liquid, thus givinc good
control characteristics even under startup ccrditiors.

This is accomplished by employing a vertical reentry tuke
geometry with the feedwater entering the bcttcr cf the-
inner small diaweter tube (approximately 1/4 in. diam)
through which it flovws upward until evapcrated tc dryress.
The slightly superheated steam emerging from the top cf the
small central tube then flows tack dcwnward thrcugh tkhe
annulus betvween the central tube and the outer tuke. A
portion of the heat transferred from the higbh-tezpera ture
liguid tc the superheated steam in the annulus is in turn
transferred to the water toiling in the central tube.
Design studies indicate that this type of toiler not only
avoids thermal stress and salt freezing prcblers but it
alsc gives a relatively compact and inexpensive
construction., Further, it appears tc make fgcssible a
simple plant ccntrcl system sith exceptionally good plant
response to changes in load dewmand.

*stear generators + *design + steam systems + control

IED6800 36 ,

Peekles FN g

REMOVAL OF XENCN-135 FROM CIRCULATING FUEL SALI OF THE MSBR

BY MASS TRANSFER TO HELIUM BUBBLES

Cak Ridge National Laboratory, Tenn.

ORNL-TM-224% (July 1968), 33 g, 8 fig, 2 tab, 21 ref.

Bemoval of dissolved xenon-135 Lty mass transfer tc¢ helium
bubkles cffers an attractive means of ccntrolling the
xenon-135 poison level in molten salt breeder reactcrs. To
provide necessary engineering informaticn for evaluation of
the proposed method, the existing data cn rates cf rass
transfer tc gas bubbles were reviewed. Father extensive
literature references pcint tc relialle equaticrs fcr
prediction of gass transfer rates to single tuklles rising
in stationary liquids under thke two extreme cases of a rigid
bubble interface and ¢f a perfectly mobile butble interface.
In general, experimental data are available wkich suppcrt
these predicticns., Nc reliable critericn for predicting the
transition from one type tehavior tc ancther is available.

*tubbles + *mass transfer ¢+ *xenon + analysis + data +

design + models + MSER + reviews

OTHER CATEGORIES: HEX ~
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L1

L7

Page 115

Category o
Instrumentation and Controls

JAAT710009

Chang SI
A SYSTEMATIC PROCEDURE FOR DETERMINING SYSTEM FAFAMETEFFS EY
PERFCEMANCE INLDEX MINIMIZATION (THBESIS)

Oak Ridge Naticnal Labcratory, Tenn.,

CRNL-TM-3311 (May 1971), 97 p, 8 fig, 19 ret.
A method vas develofped for determining optimum control
system parameters by perfotmance index ginimizaticn. The
centrcller parareters appearing in a mathematical model of
the system are optimized by adjusting tlem in such a sanmer
as tc minimize certain integral measures of the difference
between the actual and desired output resgcnse. The
minimization is performed according to an optimization
scheme known as the steepest descent frccedure Ly a
computer code written fcr the IBK~360. The technigues were
used to solve several prollems in order to dencrstrate the
validity and practicality of the methods. The problens
included control parameter optimizaticn for a nirneteerth
order model of the Mclten Salt Breeder Feactor. The
method easily found the optimum ccntrcller paraneters fcr
this system in only 5 minutes of computer time.

control + desiqgn + MSER + computer codes

JAB69C018

Sides WH

MSBR CONTROL STUDIES

Cak Ridge National Latoratory, Tenn.

ORNL-~TM-2489 (June, 1969) 43 , 16 fiq, 7 ref.
A preliminary study was made of thke dynamics and conticl
of a 100C Mw(e), sirgle~fluid FSEF by an analog computer
simulation, An abtreviated, lumred-parameter mcdel
wvas used. The contrcl system included a steam temperature
controller and a simplified versicn of the MSRE reactcr
temperature control system. The results of the study
indicate a need for a varialkle speed, secondary-salt

- pump for clcse coentrol of the steam temperature, During

severe transients, consideralle care rust be taker
in designing the ccntrol system if freezing or overheating
of the salts is to Lte avoided.

*MSBR + *ccntrcl + *dynaric characteristics + #*simulation +

analog systems + analysis + tehavior + computers +

excursions + instrumentaticn + plant + stability + systems

CTHER CATEGCEIES: BCX

"JAB70C017

Sides WH
CONTROL STUDIES OF A 1000-Hw(e) HSBE
Cak Ridge VNational Laboratory, Tenn.
ORNL-TM-2927 (May, 1970) ué6 p, 16 fig, 7 ref.
Preliminary studies of the dynamics and control of
a 1000-Mw(e), single~fluid MSBB were cortinued. Previcus
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JAB700017 *Continued*
studies vere reported in CRNL-TN-2489, FKSBF Control , °
Studies, W. H. Sides, Jr. An analog sipulaticn cf
an exranded lurped-parameter model vwas used., Steanm
temperature control was accomplished by applying the *
load demand signal directly tc the reactor cutlet
temperature controller as vell as to the steam generators.,

*MSBR + *control + *dynamic characteristics ¢+ *sigulaticn +

analog systems + analysis + behavior ¢+ computers +

excursions + instrumentation ¢ plant + stakbility + <y=tem=

OTHER CATEGORIES: BCX

JAB710008

Sides WH

MSBR CONTEFCL STUDIES: ANALOG SIMULATION PROGRAM

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-3102 (May 1971), 29 p, 8 fiq, € ref.
Ar analog computer simulation of the proposed 1CCC-MW MSER
vas devised and preliminary studies were cade cf dyramics
and ccntrol. This report descriles thke reactcr plant
model and the computer simulation. The analog simulation
of the plant consisted of a lumped-parareter reat tracsfer
model for the ccre, primary heat exchanger, and stean
generator; a two-delayed-neutrcn-group sodel c¢f the
circulating-fuel nuclear kinetics with temperature
reactivity feedbacks; and the external contrcl system. . So
that the model would have the maximum dynamic range, the
system differential equations vere nct linearized, and as
a result the mcdel was severely limited spatially to
minimize the number of eguations. 1In acéditicr, the
pressure in the water side of the steam generator, as well
as in the rest of the plant, and the physical ficperties of
the salts and vater vere taken to be time invariant. The
temperature of the feedwater to the steam genecratcrs was
alsc held constant., Results and conclusions are given in
CENI-TX-2927 (MSRIS accession JAB700C17).

MSBR + contrcl + sirulaticn ¢+ dynamic characteristics +

analog systems + computers

OTHER CATEGORIES: JBX

JCX690019

Clark FH + Burke OW

DYNAMIC ANBRLYSTIS OF A SALT SUPERCRITICAL WATER HEAT

EXCHANGER AND THROTTLE USED WITH ESBE

Cak Ridge National Laboratory, Tenn.

ORNL-TM-240S (Jan. 1969), 42 g, 24 fig, 6 tables, 3 ref. -
A linearized, coarse space mesh mcdel cf a
salt-supercr1t1ca1 sater heat exchanger and the downatream

throttle vas simulated on analcg computers. 1he effects on Lt
certain cutput quantities of changes in certain input C )
quantities were noted. The output quantities were

Accessicn Number JAB700017 to JCX6SCC1S
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heat-exchanger wvater outlet temperature and pressure, salt
outlet temperature, and enthalpy cutput, The ingut ‘
quantities were heat-exchanger vater inlet temperature and
pressure, salt inlet temperature, salt velccity, and
threttle setting. Changes were studied only arcund design
steady state.

*heat exchangers + analysis + dynamic characteristics ¢+

computers + steam systems + feedkack + HSBR + analcg systems +

mathematics + stability + wmodels + coolants + heat transfer +

secondary salts + secondary systems + simulation

CTHER CATEGCERIES: JAE

JDX67C037

‘Russell JA + Knpowles LG

DESCRIPTION OF FACILITY RADIATICN AND CCNTAMINATICN SYSTEMS

INSTALILEL IN THF MOLTEN-SALT REACTOR EXPERIMENT BLDG. 7503

Oak Ridge Naticonal Labcratory, Tenn.
ORNL-TM-1127 (Fev. 1) (August 1967), 23 p. 7 fig.

' A radiaticn monitoring system continuously and
automatically determines the conditioms in the entire
facility and records this information at a central control
panel. When preset values are exceeded, auditle and
visual alarms inside and outside of the building area are
actuated, Beta-Gamma constant air monitcrs scurd caution
alarms at 100 ccunts/min and high level alarms at 400C

. counts/min, The gamma monitrons sound tells at 7.5 wE/hr.
Building evacuation alamms are actuated from coinciderce
modules. This report describes the system and triefly
discusses operating experience. An earlier versicn of
"this document was issved in May 1965,

*environment + *instrumentation + *MSRE +
*radiation measurement + contamination + monltor +
sampllnq + stack + off-gas systcmq

OTHER CATEGORIES: MAC ‘ :

JDX690060

Bauman, CD

FISSICN-PECLUCT MCNITORING IN HIbH-TEHPERATURE GAS~COCLED

REACTORS

Cak ‘Ridge National Laboratory, Tenn.

ORNL-1TM-2791 (Dec. 1969), 33 f, 5 fig, 1 tab, 41 ref.
The report proposes the developrent cf an instrumenta ticn
“systen capable of 1dent1fy1ng and measuring the accumulation
of fission products in h1gh~tewperatute gas-cccled reactor
(HTGR) coolant loop circuits and loop components. [iscussed
‘is the applicability of ionizaticn chawiers, reta and gamma
spectrometers, charged-wire precipitators, Cerenkov
detectors, filters, diffusion tukes, thérmal gradient tubes,
depcsiticn tubes, and impactors ‘as plateout mcnitors. It
is recommended that the depositicn-tuke and
gamra-spectrometer systems be further developed as component

i
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plateout monitors and tested first in a hzgh-tetperattre gas
loogr and then in reactor service.

*development + *fission products -+ *instrumentaticn ¢+

*off-gas systers + components + coolant loops + HIGE +

plans + testing + monitors

OTHER CATEGORIES: IBD

JEX650020

Engel JR

APPLICATICN OF AN ON-LINE CIGITAL COMPUTER 10 A REACIOR

EXPERTMENT

Cak Ridye National Laboratory, Tenn.

ANS Trans. 8{(2), (1965), (p. 985-586.
The MSRE uses an on-line digital computer fcr acquirirg and
analyzing data. 273 analcg process signals are scanned
every 5 sec. These are stored on magnetic taje every
10 min. Alarms are taken from 171 signals. 1} number of
calculations using current reactcr data are rerfcrmed
pericdically and on demand. Summaries of the calculatioas
are recorded by typewriters. The Bunker-Ramc Mcdel-340
computer can supply data for processing by other computers.

*data acqu151t1on systems + * MNSRE + ccmputers ¢

data processing + instrumentation ¢+ operation + ;lans

OTHER CATEGORIES: MAC

JFX660027

Moore RL

CLOSED-CIEKCUIT TELEVISION VIERING IN MAINTENANCE OF

RADIOACTIVE SYSTEMS AT CRNL

Gak Ridge National Laboratory, Tenn.

ANS Trans. 9(2), {(1966), frp. 530-531.
Discusses the development of televisicn camera systems for
viewing remote raintenance operations at reactors. (¢
later, more detailed reference con this subject is
JACET7CC3E.)

description + equipment + MSRE + remote maintenance +

viewirg devices

CTHER CATEGCRIES: KEA 4 MEE

JFX67C036

Moore RL

CLOSED-CIRCUIT TELEVISION VIEKING IN EAINTEMNAME CF

RADIOACTIVE SYSTEMS AT ORNL

Oak Ridge Naticnal Labora tory, Tenn.

CRNL-T¥-2032 (Nov. 1967), 13 p, 7 fig.
This repcrt discusses factors affecting the use of
closed-circuit television in radicactive systers, ther
describes equirrent used for closed-circuit television
viewing at the Homogeneous Reactor Test and at the MSEKE.
The results cf a radiation test of a miniature,

Accession Number JDX69C06C to JFX67CC36
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Category J
Instrumentation and Controls

JFX67C036 *Continued# '
radiation-resistant television camera are alsc rresented.
*instrumentaticn ¢+ *MSRE + *remote maintenance +

viewing devices + equipment ¢ glass ¢ maintenance +
panipulatcrs + optics + in-pile tests
CTHER CATEGCETES: KEA
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Operation and ¥aintenance - -

KBB690006

Holz PP

FEASTBILITY STUDY OF REMOTE CUTTING ANC WELDING FOR NDLLEAR

PLANT MAINTENANCE

Cak Ridge National Laboratory, Tenn.

ORNL-TM-2712 (Nov. 1969), 53 p, 13 fig, 21 ref.
Remote cutting and welding are pctentially valuakle
in the maintenance cf radioactive portions of reactors,
particularly if the system is designed to exfplcit
these technigues. CRNIL has started to adapt an orbitel
cut-and-veld system (developed fcr the Air Fcice) tc
pergit ccmpletely remote work apglications. 1This report
describes factors involved in radioactive syster
maintenance, summarizes some previous work on remote
maintenance development, and explains hcw the auvtcmated
orbital cutting and welding machinery system may overcome
problems that have Lkeen encountered in nuclear refair wcrk.
Progress of the ORNL study is summarized, including
descriptions of the prototype equipment and tke results of
machining and welding tests. The report descrites
additional requirements for development to prcvide fully
remcte oreraticns and centrols and proposes a lcng range
program for development of a ccmplete system fcr radicactive
syster equifpment regplacement by cutting and welding.

*maintenance + *reactors + *remote welding + cutting tccls +

development

Accessicn Number KBB690006 to KEEF690006
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Category L
Fuel Preraration and Frocessing

LAX690010

Chandler JM + Bolt SE

PREPAFATICN CF ENRICHING SALT (LITHIUM~7 URANIUMN-233

TETRAFLUORIDE) FOR REFUELING THE FCLTEN SAL1 REACICE

Cak Fidge Kational Laboratory, Tenn

ORNL-4371 (Farch 1969), 73 p, 24 fiqg, € ref.
The Molten Salt Reactor Experiment has been refueled
with an enriching salt concentrate. Its preparation
in a shielded call cf the Thorium-Uranium Fecycle Facility
at CRNL was required bhecause of the higk uraniuvp-232
content (222 prm) cf the uranium-233. & two-stefp process
was used in which the uraniur oxide was reduced tc
uranpiur dicxide by treatment with hydrocen and ccroverted
to uranius tetraflucride by hydrofluorination. Lithium
fluoride was added and the eutectic was formed by fusing
the ccrponents, The eutectic sas purified by treatment
with hydrogen, which reduced the corrcsicn prcducts
tc metal and subsequently allowed their removal Ly
filtration. The quality of the product was well within
the regquirements established for the MSEE. The fuel
concentrate, containing 39 kg c¢f uranium (S1.4%
uraniup-233), was rackaged in nine containers of various
sizes (0.5 to 7 kg of uranium) for additior tc the reactor
fuel drain tank and in 45 enrichment cagsules, each
containing 96 g of vranium, for addition to the lowl cf the
fuel circulating pump. The tuel was shipped ipn shielded
carriers tc the MSRE to accommoddte the reactor enrichment
schedule,

*fuel preparation + *uranium~233 ¢:correcsion products +

filtration + fluorides + hydrofluorination + tydrcgen +

lithium flucride + MSRE ¢ uranium-232

CTHER CATEGCEIES: MCE

LAX70C€013

Chandler JM + Folt SE -

URANIUM-233-BEARING SALT PREFARATICN FCR THE PbRE

Cak Ridge National Laboratory, Tenh. _ v

Nuclear Applications and Iechnology, Dec. 1970, 16 Pr 5 tig,

2 ref.
The MSRE has been refueled with an enriching salt
concentrate, lithium-7 fluoride ~ uranium-233 tetraflucride
(73-27 mcle %) . Sixty-three kilograms cf this was prepared
in a shielded cell in the Thorius-Uraniur Recycle Facility
at Oak Ridge Natiocral Laboratory. The preparation process
~involved reducing uranium tricxide tc uranium dicxide by

treatment with hydrcgen, converting the uranium dioxide to
uranium tetrafluoride ty hydroflucrinaticn, ard fusing the
uranium tetraflucride with lithium’ fluoride., Its
preparation in a shielded cell was required because of the
high uranium-232 ccntent (222 ppm) of the uranium, The
product salt, containing 39 kg cf uranium (91.4%
uranium-233) wvas lcw in oxide content (50 ppm) and the
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Cateqgory L
Fuel Preparation and FErocessing

LAX700013 *Continuedx*
concentration cf the corrosion products, chromium, ircn, and
nickel, wvas minimal at less than (.5% tctal. (Abstractcrts
ncte: This work was reported in CRNL-4371. See
LGX6900100.)

*fuel preparatlon + %*MSRE + *yraniup-233 +

corrosion products + hydrcfluorination + lithium fluoride +

reduction + uranium-232

OTHER CATEGORIES: MCD

IAX710019

Shaffer JH

PREPAEATICN ANC HANDLING OF SALT MIXTURES FOR THE

MOLTIEN-SALT REACIOR EXPERIMENT

Cak Ridge National Latoratory, Tenn.

OBNL- 4616 (Jan. 1971), 41 p, 30 fig, 36 ref.
A molten mixtuure of LiF, BeF2, ZtF4, ard UF4 served as the
circulating fuel fcr the Yolten-Salt Reactor Experimert.
Its secondary coolant fcr transferring heat tc an
air-cooled radiator wvas a molten mixture of LiF ard BeF2.
A third wmixture that was chemically identical to the
coolant mixture was used in place of the fuel fcr
prenuclear cperaticrs arnd subsequently to flush the
reactor core after a fuel drain. Arpfproximately 26,00C 1b
of these fused flucride mixtures were prepared from
component fluoride salts and loaded intc the reactor
facility by ORNL's Reactor Ch2mistry [Civision. Techniques
for handling molten fluorides and tteir prcducticrn prccess
fer attaining high chemical purity were developed and
applied simultaneously with the develcpment ct the
molten-salt nuclear reactor concept. The plans and
operations vhich were part of the tuelirg cf the MSRE are
described.

*nolten salts + *procurement + *production +

hydrofluoripaticn + MSRE + lcading + beryllxum tluorxde +

lithium fluoride + uranium fluorides + zirccnium flucride

LB8X68C027
Failen JC ¢+ Cathers GI
FLUORINATION OF FALLING DROPLEIS CF MCITEN FIUCERILCE SELT &S
A MEANS -CF RECCVERING URANIUM AND PLUTONIUM
Oak Ridge Naticnal Labcratory, Tenn,
ORNL-4224 (November 1968) 21 p, 7 fig, 10 ref.
A flucriration methcd in whica molten-fluoride droplets fall
countercurrently through fluorine was devised fcr the
reccvery of uranium and plutopium from molten fluoride
salts, Advantages over methods in whiclt flucrire is
bubkled thrcugh the salt are: (1) higher removal rates for
. both uranium and plutonium, (2) lcwer ccrrcsicn rates since
the molten salt dces nct contict the vessel wall,
(3) possibility of continuous operaticn, and (4) rinigal
corrcsicn-rroduct ccntarinatiosn of the flucrinated =alt.,

Accessicn Number LAX7)0013 to LEX680027
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Category L
Fuel Preraration and Erocessing

1BX680027 *Continued*
Experimental equirrment was developed, and small-scale
fluorinations were made using several salt scluticns. From
this data it was calculated that, by using a S-ft-long
fluorination column at 650 deg C, 99.9% cf the uranius can
be removed from 1l00~-micron-diameter droplets cf MSEBR fuel.
With an 11-ft-1lcng tower at 640 dey C, 99% of the plutoniunm
can be removed from 100-micron-diameter drcplets cf salt. In
similar exfperiments using salt droplets containing
protactinium-231, no protactinium was fluorinated, even at
temperatures as high as 613 dag C.

*columns + *fluorination + corrosion + corrcsicn prcducts +

molten salts + MSBR + fplutonium + protactinium + uranium

ICA670014
MclNeese LE
CONSTLCERATICNS CF LOW PRESSURE CISTILLATION AND IIS
APPLICATION T0O PROCESSING CF MOLTEN-SALT EEFEDEFR
REACTCR FUELS
Oak Ridge Naticnal Laboratory, Tenn.
CRNL-TM-1730 (March 1967), 46 p, 1z fig, 1C ref,
Distillaticn at lcw pressure was examined as a method
for removing rare earth fluorides frcm the fuel streats
of an MSBR. It was concluded that distillation allows
adequate rare earth fluoride removal with the simultarecus
reccvery ¢f mcre than 99.5% of the fuel salt.
Characteristics of egquilitrium and mclecular distillaticn
were noted and expressicns for the relative volatility of
rare earth fluorides were derived fcr thkese types of
distillaticn. Expressions for the separation potential of
several modes of distillation were derived and reforted rare
earth fluoride relative vclatilities were shown to allow a
great deal of latitude in still design and cperatioral mode.
It was cocncluded that a sinyle contact stage such as a well
mixed liquid pool provides adequate rare eartt fluoride
removal and that rectification is not reguired. The fkuildup
of rare earth fluorides at the vaporization surface vas
shown tc seriously reduce the effectiveness of a
distillation system. Liquid circulaticn was shcwr tc te an
effective means for preventing this buildup.
*distillation + *molten salts + fuels ¢ MSBR + rare earths +
volatility

1CA680008

Hightcwer JR + McNeese LE

MEASUBREMENT OF THF RELATIVE VOLATILITIES OF FLUORIDES OF
CERIUOM, LANTHANUM, PRAESODYMIUN, NECDYMIUE, SAMAFIUFK,
EURCPIUM, EARIUM, STRONTIUM, YTRIUM, AND ZIRCONIUN IN
MIXTURES OF LITHIUM-FLUCRIDE AND EERYILIUM-FLUCFILE

Oak Ridge National Laboratory, Tenn.

ORNL-T¥-2058 (Jan. 1968, 43 p, 8 fig, 9 ref.

Cne step in processing the fuel streas ct a sclten
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Fuel Preparation and Erocessxng

ICA680008 *Continued*
salt breeder reactor is removal of rare earth fission
product fluorides from the lithiug flucride-beryllium
flucride carrier salt by lox pressure distillation.
For designing the distillation system we have measured
relative vclatilities of the fluorides of cerium, lanthanunm,
praesodymium, neodymium, samarium, eurcpium, Lkarium,
strentiun, ytrium, and zirconium with respect to lithium
fluoride, the major component. The measuremerts wele
made using a recirculating equilibrium still operated
at 1000 deg C and at pressure from 0.5 to 1.5 mr merccry.
Errcrs from several scurces uere estimated and shown
to be small.

*distillaticn + *1are earths + beryllium fluoride +

equilibrium + fission products + lithkiur flucride +

mecasuremwent + MSBR + processing + volatility

ICA690037

Smith FJ ¢+ Ferris LM + Thcmpscn CT

IIQUJTC-VAECE ECUILIBRIA IN LITHIUM FLUORIDE-BERYLLICNM

FLUORIDE AND LITHIUM FLUCRIDE-BERYILIUM FIUCHICE-THCEIUN
FLUCRIDE SYSTENMS

Oak Ridge Naticnal Labo:atory, Tenn.

ORNL-uulb (June, 1969) 18 p, 4 £fiqg, 21 ref,
Liquid-vapcr equilibrium data for several lithium flucride-
beryllium fluoride and lithium fluoride-beryllium flucride-
thoriur flucride systems were okteined ty the trarnspitation
methcd over the temperature range of 900 to 1050 deg (.
Relative volatilities, effective activity ccefficients, and
arparent partial pressutes are tabulated for the major
components, as well as for sclutes such as uraniue
tetrafluoride, zirccnium tetrafluoride, caesium fluoride,
rubidium fluoride, and scme rare-earth flucrides. The
values are in reascnable agreament with those reported in
the literature, Results of this study show that
distillaticn may nct be feasible as a primary separations
method in the processing of single-fluié MSBR fuels,

*equilibriur + *vclatility + beryllium fluoride +

distillation + lithium fluoride + MSBR + rare earths +

sepavations + thoriur flucrides

LCB68000O7

Carter WL + Lindauer RB ¢ MNcNeese 1IFE

DESIGN CF AN ENGINEERING-SCALE, VACUUM DISTILLATION

EXPERIMENT FOR MOLTEN-SALT REACTCE FUEL

Cak Ridge National Laboratory, Tenn.

ORNL-1TM-2213 (Nov. 1968), 133 p, 43 fig, 14 ref,
Experimental equipment has Leen cesigned tcr an engineering-
scale deronstration cf vacuum distillation of molten-
salt reactor fuel. The distillation is carried out
at about 1000 deg C and 1-mm mercury tc separate carrier

Accessicn Number ICA680008 to LCBGEQC(CT
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Category L
Fuel Preparation and Frocessing

ICB680007 *Continuedx
salt fror less vcoclatile fission products, primarily
the rare earths, The experiment is designed fcr either
centinuous salt feeding or for batchwise operation.
Sampling of the distillate furniskes data cn the separation
between salt and fissicn products as a functicn of
still bottoms concentration, The equipntent ccnsists
of a 48-1liter feed tank, a 12-liter still, a 10-in. diam x
- 51-in, condenser, a #48-liter receiver, plus asscciated
temgerature, rressure and level control instrumentaticn,
All vessels and parts contacted by molten salt are
made of Hastelloy N. The unit 'is heated by sktell-
type, ceramic heaters. About 90% of the experimental
program will be devoted to nonradiocactive cperaticn
using mixtures of lithium, beryllium, zirconium, and
selected rare earth fluorides. The experiment will
be ccncluded by distilling a 48-liter batch of uraniup-
free spent fuel from the MSRE.
*distillaticn + *rpolten salts + beryllium fluoride +
Hastelloy N + lithium fluoride + MSRE + rare earths +
zircoriur fluoride

ICB710007
Hightower JR + McNeese LE
LCK-FPKESSURYK DISTILLATION OF MOLTEN FLUORIDE MIXTURES:
NONRADIOACTIVE TESTS FCR THE MSEE DISTIIIATICN EXEEFIMENT
Cak Ridge National Laboratory, Tean.
ORNL- 4434 (Janvary 1971), 52 g, 16 fig, 10 ref.
Equipaent built to demonstrate the lcw-jressure
distillaticn of a 48-liter batch of irradiated fuel salt
from the MSRE consisted of a feed tank, a 12-1liter, ore-
stage still reservcir, a condenser, and a condensate
receiver, The equipment was tested in 1568 by frccessing
six 46-liter batches ¢f nonradioactive [iF-EeF2-ZrFki—NdE3
(65-30-5-0.3 mole %) at 1000 deg C. A distillaticn rate
of 1.5 cu-£ft of salt fer day per square root of
vaporization surface was achieved in the nonradioactive
tests, Evidences of concentration polarizaticn andsor
entrainment vwere ncted in some ryns but not in others.
-Automatic operation vas easily maintained in each run,
although certain deficiencies in the liguid-level measuring
‘devices were noted. Condensatiocn cf vclatile salt
compcnents in the vacuur lines and metal deposition in the
- feed line to the still fpot are proktlers needirg further
attention. These results showed that use of distillation
in MSBR fuel salt processing is feasitle and that the test
equirment was satisfactory for use with radloactlve
material from the MSRE.
distillaticn + entrainment + fluorides + processing +
molten salts + rare earths + liquid level measuremert +
teryllium fluoride + lithium fluoride + zirconium flucride +
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1CB710007 *Continued*
MSRE ¢ serparations + testing

1CC710024

Hightcver JR + McNeese LE + Hannaford EA + Cochram FL . .

LC¥ PEESSUEE DISTILLATION OF A PORTIOK OF THE FUEL CARRIER

SALT FROM THE MOLTEN SALT BREACTOF EXFERIFENI

Cak Eidge National Latoratory, Tenn.

ORNL-4577 (August 1971), 56 p, 17 fig, 10 ref.
High-temperature low-pressure distillaticn cf irradia ted
MSRE fuel carrier salt was demonstrated. Twelve liters of
this salt was distilled in 23 hr with still pct temperatures
of ¢C(-980 deg C and ccndenser pressures of 0.1-0.8 tcrr.
Eleven condensate samples taken during the rur were aralyzed
for Li, Be, Zr, CS-137, 2R-95, CE-144, EM-147, FU-155,
Y-91, SR-90, and SR-89. EFffective relative vclatilities,
with resgect tc LiF, fcr Be and Zr agreed with values
measured previcusly. Effective relative volatilities for
the slightly volatile materials Ce, Y, and Sr vere wuch
higher than previously measured values. The high values
are believed to Le the result of sample contarmiraticn,
althcugh concentraticn polarization may have also been a
contributor. The effective relative vclatility fcr Cs-137
was only 20%, cr less, cr previously measured value; no
explanation of this discrepancy is available. 2lthcuch the
effective relative volatilities for the lanthanides were
higker than anticirated, the values observed would still
allov adequate recovery of LiF-7 from waste salt streams by
distillaticn.

*distillation + *experience + *molten salts + *MSRE +

teryllium fluoride + cesium + entrainment + fluorides +

processing + rare earths + liquid level measurement +

lithium fluocride + zirccrnium fluoride ¢+ separations +

operation + volatility

OTHER CATEGORIES: LIX

IDA690012
Ferris LM
SCME ASPECTS OF THE THERMOLYNAMICS OF THE EXTRACTION CF
URANIOM, THORIUM, AND RARE EARTHS FhCk MCITEN LITEIUM
FLUCRIDE-EERYLLIUM FLUOEKILCE INTO LIQUID LITHIUM-BISMUIH
SOLUTIONS
Cak Eidge National Laboratory, Tenn.
ORNL-TM-2486 (March 1969), 17 p, 18 ref.
Expressions for the equilikrium distrituticn c¢f vranicm,
thoriug, lanthanum, and other solutes between lithium N
fluoride-beryllium fluoride sclutions and lithium-bismuth
solutions at 600 to 700 deg C were calculated, using
therscdyranmic data frcm the literature. The results ,
obtained experimentally for uranium were in reascnably j
good agreement with the calculated values. However, K.,j

Accession Numker LCB7100C7 to LDA6SCC12
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Category 1
Fuel Preparation and Procesclng

LDA690012 *Ccntinuedx*
the results for thorium and lanthanur reflect the high
degree of uncertainty that exists in the availatle
thermodynamic data for these solutes., It is ccrcluded,
therefore, that an accurate measure of the relative
extractability of the various solutes can be cbtained
only by experimental means.

beryllium fluoride + bismuth ¢ distritkution + equilibrium +

lithium + lithium flucride + rare earths + thorium +

uranium + *reductive extraction process + *design data

OTHER CATEGORIES: CBX

1DA690013

Mailen JC + Ferris LM + Ncgueira ED

ESTIMATE CF THE SCLUBILITY OF PROTACTINIUM IN LIQUID BISMUTH

Oak Ridge Naticnal Laboratory, Tenn.

Inorg. Nucl. Chem., Letters, 5 (1969) pp 8€69-872, €& ref.
The sclubility cof fprctactinius in bismuth was determined to
be about 1200 ppm at 500 deg C., The method used was the
extracticn cf protactinium from lithium-beryllium fluoride
into bismuth at 600 deg C under ccnditicns such that the
concentraticns of cther metals in bismuth was very low¥ and
then cooling to 500 deg C and sarpling.

solubility + protactinium + bismuth + molten salts

1DA690038 ,
Dahlke O + Gans W + Knacke O + Mullar F.
DISSCCIATICN PFESSURE OF EISMUTE IN THE SYSTEM:
BISMUTH-THORIUNM '
Technischen Hochschule, Adachen and KXernforschungsanlage,
Julich, Germany
Z, Metallk., 60(5) {1969) pp. u46u-ug8, © fig, 8 ref,
ORNL-tr-2218
The dissociation pressure of tismuth in the system
biswuth-thorium was determined using the effusicr methcd due
tc Knudsen betveen 600 and 14)0 deg C. Isothermal
dissociation curves and x-ray diacrams ccrrcbcrated the
compcunds thoriur dibismuthide and trithoriunm
tetrabismuthide which ‘dc not form solid soluticrs. The
"supgposed compound dithorium bismuthide was not found using
measurements of the partial pressure,
*hisputh + thorium + reductive extrxctlon process
CTHER CATEGCRIES: CEX

LDA70C0 14
Schilling CE + Ferris LM S
THE SOLUBILITY OF THORIUM IN IIGQUID EISBUTH
Cak Ridge RKational Laboratory, Tenn, :
Journal of the Less-Common Metals, 20 (1970) gp. 150-159,
1 fig, 12 ref.
The solubility of thorium in bismuth was determined over the
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Fuel Preparation and Processing

LDA70C014 *Ccntinued*

temperature range 450 - 900 deqgrees C, using a filtraticn
tec}nlque. Data cbtained using mild steel equipment can be
represented by the expression: 1lcg S (gge Th) = 7.7C8F¢ -
3852/7(deg K). Several data points were obtained using
molybdenum apparatus. These values are in gccd agreement
with those determined in mild steel.

*solubility + thcoriur + bismuth ¢ filtration + *data

LDA700015

Smith FJ + Ferris LM _

MUTUAL INTEFACTICNS OF THORIUM, NICKEL AND BISMUTH 1IN
Th-Ni-Bi SOLUTIONS

Cak FRidge National Laboratory, Tenn.

J. Incrygy, Nucl. Chem. 32 (1970) pp 2363-28638, 2 fig, 8 ref.

Thorium and nickel, dissolved in liquid Lkismuth, vwere fcund
tc interact with each cther and with the solvent to fcrm a
solid ternary compound cf the apparent composition thcrium-
nickel-2 bismuth. This interacticn was studied at 50 deg
intervals, cver the temgerature range of 550-700 deg C(, At
each temperature studied, the joint sclubility cf thorium
and nickel could be exrressed as a mole fraction product.

S = mole fraction thorium x mrocle fracticn nickel. 1The
variation cf the sclubility with temperature can Le
expressed as log S = 1,115 - €397,/T (deg K). 1ke standard
free energy cf fcrraticn of ThNiZPi was estimated to le

-1 kcal/mole at 65C deg C.

*solukility + thorium + nickel + tismuth + 3data

OTHER

CATEGORIES: CBX

1DAT700046
Ferris LM + Mailen JC + lawrence JJ + Smith FJ +
Noqueira EC
EQUILIBRIUM DISTRIBUTION CF ACTINIDE AND LANTEANILE ELEHENTS
BETWEEN MOLTEN FLUCRIDE SALTS ANC LIQUID STISMUTIH SOLUTIIONES
Oak Ridge Naticnal laboratory, Tenn. .
J. Inorganic Nucl. Chem, 32, (1970) pp. 2019-.035, ¢ fiq,
21 ref.

The equilibkrium distritutions cf several actinide and
lanthanide elements between liquid bismuth solutions and a
variety of lithium fluoride-ccntaining rmclter flucride salts
were Jdetermined between 500 and 700 deg C. At each
temperature, the distrituticn coefficierts (mcle fracticn in
bisruth phase divided by mole fraction in salt) okeyec the
relationship L = (CnLi)K (1st) in whick 1t is the valence of
the element in the salt phase. Cver the range of coaéitions
investigated, thorium, protactinium ard zirccrivm existed as
tetravalent srecies in the salt; uraniug, tepturium,
plutcniur, arericiur, curium, californium, lanthanum, and
neodymium were trivalent; and eurcpiur was divalent. The
distributicn behavicr cf each element was affected by salt
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Fuel Preparation and Processing

LDAT70C0u46 *Continued*
composition and temperature, Values c¢f log K(1st) increased
regularly with decreasing temperature. With lithium
fluoride-~beryllium fluoride-thorium flucride (72-16-1¢
mole %) as the salt rhase, the values of log KSl1st) at
600 deq C fcr the trivalent actinide elements varied
systematically with atomic numkter, and passed thrcugh a
minigum near Z = 96 (curium).

*distribution ¢ actinides + teryllium fluoride + bismuth +

lithium fluoride + prctactinium fluorides + rare earths +

thorium fluorides + zirconium fluoride

LGX650002

FMcNeese LE + Scott CLC

RECONSTITUTYION OF MSR FUEL BY REDUCING URANIUNM

HEXAFLUCRIDE GAS TO URANIUM TETRAFLUORIDE IN A MOLITEN SAL1

Oak Ridge National Laboratory, Tenn

ORNL-TM-1051 (March 11, 1965), 15 p, 5 fig, 7 ref
The direct reduction cf uranium hexaflucride to uranium
tetrafluoride in a molten salt is propcsed as a steg
in the purification of fuel salt from a molten salt
reactor., This step would replace the ccnventicral
metkcd of reduction in which vuranium hexofluoride is
reduced to uranium tetrafluoride power in a hydricgen-
flucrine flame. Reduction of the uranium hexafluoride
in a molten salt will result in a shcrter and mcre
direct ptocess for fuel salt purificaticn. The reduction
is to be effected in tvwo steps which consist cf abscrgition
of uranium hexafluoride into a molten salt containing
uraniuam tetrafluoride and of reducticn c¢f the resultirg
intervediate fluorides to uranium tetrafluoride with
hydrogen. Experimental data on the akscrpticr step
are presented and informaticn concerning the reduction
of intermediate fluorides 'is ccnsidered.

*hydrcqen + *reducticn + abscrption + chemical reactions +

fluorine + molten salts + hydrogen '+ uraniuzm flucrides

LHX69C011

lindauer EFB + FcGlothlan CK

DESIGN, CONSTRUCTION, AND TESIING CF A 1ARGEF PFCLTEN-SRALT

FILITEF

Oak Ridge Natiocnal Laboratory, Tenn.

CRNL-TM-2478  (March 1969), 35 p, 9 fiq, 12 ref.
The Mclten Salt Reactor Experiment uses mixtures of fluoride
salts as fuel.  Routine on-site processing cf ttese
molten salts resultc in formation of corrosion groducts.
This report describes development, desicn, ccrstructicn,
1nsta11at1cn, and testing of a large salt filter to remove
these corrosion products., The filter is designed tc
remcve approxirately 15 kilograms of corrosion products
from 9000 kilograms of flush and fuel salt at a tempetature
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LHX690011 #Continued*

of 1200 degq F.
¥filters + *MSFE + construction + ccrrcsicn prcducts +
design + develcprent + fluorides + testing

1IX650023

Lindauer RB A

MSRE CESIGN ANL OFERATIONS REPORT, PART VII, FUEL HANLCLING

AND PROCESSING PLANT

Oak Ridge National Laboratory, Tenn.

ORNL-TN-9C7 (May 1965), 96 p, 20 fig, 8 ref.
The on-site plant is designed to remove cxides frcm the
salts by treatment with H2-HF mixtures and uranium as UF6
by treatment with fluorine. The repcrt includes fplant
description, safety analyses, and procedures. (A revision
-covering changes in equipment and plans, issued in 19€7,
is filed as LI2670013.)

*MSRE + *fprocessing + equipment ¢+ flowsheets +

fluorination + hydrogen + hydrogen ccmpcunds + oferaticn +

oxides + plans + flant + safety ‘

CTHER CATEGCEIES: MAA

LIX67C013

Lindauer FE '

MSRE DESIGN AND OPERATIONS REECKT, EART VII, FUEL HANILING

AND FRCCESSING PLANT

Oak Ridge Naticnal Laboratory, Tenn

CRNL-TM-907 Revised (Lec. 1967), 65 g, 19 fig, 7 ref.
Flowsheets and equigment for the FSRE Fuel Frocessing
Plant are descrited. The plant is desicned tc remcve
oxides fror the flush and fuel salts Lty treatrmert
with bydrcyen-hydrcgen fluoride gas mixtures and to
recover uranium by fluorination., Consecuences cf the
maximum credible accident are described in addition
to the expected radiation levels during prccessing.

*MSRE + *rrocessing + accidents ¢+ equipment + flowsheets +

fluorination + hydrogen + hydrogen ccmpcunds + operaticn +

flant + safety + urariur

CTHER CATEGCRIES: MAR

LIX69C008

Iindauver FB

PROCESSING OF THE MSRE FLUSH AND FUEI SALTS

Cak Ridge National Laboratory, Tenn.

OKNL-TK-2578 (Aug. 1969), 75 g, 25 fig, 12 ref.
The ESRE Fuel Processing Plant, shakedcun tests cf
equirmsent and procedures, and the uranium recovery
operation are descrited. The MSRE fluslt and fuel salt
batches were flucrinated to recover 6.5 and 216 kg
of uranium, respectively. Known losses during fprccessing
vere less than 0.1%. Gross beta and gamma decontamination

Accession Numker LHX69C011 tc LIX690008



»

"

Page 131

Category 1
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LIX69C008 *Ccntinuved#
factors of 1.2 x 10(9th) and €.6 x 10(8th) were cbtai red.
Corrosion averaged about C.1 mil/hr. The corrosion
product fluorides were reduced and filtered tc grcvide
a carrier salt having a lower concentration cf metallic
contarinants than the coriginal carrier salt.

*MSRE + *processing + corrosion + decontamination +

filtration # fluorination + losses + opetatlon + plant +

uranium

OTHER CATEGORIES: MCD

L1IX690009 :
Chandler JM + Lindauer RB
PHREPARATICK ANL PFOCESSINCG -OF MSRE FUEL
Oak Ridqge National Laboratory, Tenn. '
CONF-69081 (August 1969), Symposium on Reprccessing cf
Nuclear Fuyels, Nuclear Metallurgy Volume 15, Ames, lowa,
August 2%5-27, 1969, pp. 97-120, 8 fig, 4 ret.
The MSRE has been refueled with an enriching salt
concentrate, lithium-7 fluoride-uranium-233 tetrafluoride
(73-27 mole %), which was prepared in a shielded cell in the
Thorium- Uranium Recycle Facility at CEML. The preparation
process involved reducing uranius tricxide (urapium-232
content, 222 ppm) tc uranium dioxide by treatment with
hydrogen, converting the dioxide to tetraflucride by
hydrcflucrinaticn, and fusing the tetraflucride with
lithium-7 fluoride. The original KSRE fuel salt, which
contained 220 kg of uranium (3% uranium-235), was
flucrinated to volatilize the uranium as the hexafluoride
which was abtsortbted ‘on sodiur flucride. The urarium was
deccptaminated from fissicn products by a factor of almost
ten to the ninth., Fluorine utilizaticn averaged 39%.
Corrcsion products were removed from the barren carrier salt
by reduction and filtraticn. Corrosicn rates fcr surfaces
expcsed tc flucrine durxng fluorination averaged 0.1 mil/hr
’ for 47 hours.,
*fuel preraration + ¥MSRF + *procescxng + decontaminaticn +
filtraticn + hydroflucrinaticn + hydrogen + lithium fluorlde +
reduction ¢ sodium fluoride +  uranium fluorices
OTHER CATEGORIES: LAX + ¥CD

1JX660006
Scott CD e Carter WL
PRELIMINAFY DESIGN STUDY OF A CONTINUOUS FLUORINATION-
VACUUM-DISTILLATION SYSTEM FOF BEGENEEATILG FUEL ANT
FERTIIE STREAMS -IN A MSER
Oak Ridge Naticnal Laboratory, Tenn. :
CRN1-3791 (Jan. 1966), 123 p, 31 fig, 39 ref.
A preliminary designr and engineering evaluaticn is made
of a conceptual plant for treating the fuel and fertile
streams cf a 1000 MWE MSBR. The reguirements are to
recover unburned fuel and fused salts frcr the fuel
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Category L : L
Fuel Preraration and Frocessing ( :

LJX660006 *Continued¥
stream and the bred urapnium and fused salts from the -
fertile stream. Decontaminaticn must be sufficiernt
for attractive breeding. Plant capacity is 15 cu ft/day
of fuel salt and 105 cu ft/day of fertile salt. The s
fuel stream is purified by fluorination and distillaticn.
Volatile fissicn prcduct fluorides are removed ty sorgtion
on sodium fluoride. The fertile stream is flucrirna ted
tc rerove bred uranium sufficiently fast to keep a
low concentration in the tlanket. Tke chief ccrclusicns
of this study are that this process can be engineered
with a normal amount of develorment work and that
integration of the processing and reactor facilities is of
primary importance in lowering the prccessing ccst. 1he
ccst of the prccessing plant contributes ahout 0.2 mll/kwh
to the fuel cycle cost.
*design + *MSBR + *processing + blanket + costs +
decontamination + distillaticn + fluorination +
fuel cycle costs + sodium fluoride + uraniue +
*two-fluid reactcr

1JX660032
Whatley ME + Carter WL + lindauer RB + FcNeese LE +
Scott CL + Hightower JR
ENGINEERING DEVELOPMENT CF ON-SITE ERCCESSING FCE
MOLTEXN-SALT EBFFLFE REACTORS
Oak Ridge Naticnal Laboratory, Tenn.
CONF-66-524 (Proc. 2nd Int. Thorium Fuel Cycle Sympcsiur,
Gatlinburg, May 3-6, 1966) , pp. 653-669, 9 fig, 4 ref.,
R processing scheme is descrited for a two-fluid MSBR.
The fuel strear is fluorinated to recover uranium and
distilled to recover lithium., The Lklanket salt ({LiF- 1hF4Y)
is flucrinated tc recover bred U-233,
*conceptual design + *distillation + *flucrinaticn +
*processing + costs + flcwsheets + polten salts + MSBR +
thorium

1JX670032

Carter WL + Whatley ME

FUEL AND FLANKET EROCESSING CEVELOPMENT FOR MOLTEN SAL1

BREEDER REACTIORS _

Cak Ridge National Laboratory, Tenn.

ORNL-TM-1€£2 (June 1967) 52 p, 10 fig, 13 ref.
This document describes the fuel and tlanket frccesses for
the two-fluid MSBR, giving the 1967 status of the
technology and outlining the needed developmert. Tt is -
concluded that the rrincipal needs are to develop the
vacuum distillation and protactinium reascval cperatiors,

vhich have been demcnstrated in the labcratory tut not on o
an engineering scale., A program to develor ccrtirucus (3
flucride volatility, ligquid-phase reduction-reconstitution, \Eﬁj

improved xenon control, and special instrucentaticn shcould

Accessicn Number 1JX360006 to LJX670032
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Category L s
Fuel Preraration and frocessing

LJX670032 *Continued*
alsc be a major develcgmental effort, 2An estimate of
manpower and cost for developing MSBR fuel and fertile
processes indicates that it will require 288 manyears of
effort over a 6-year period at a total cost cf abcut
$18,0C0,C0C.,

*development + *MSBR + *processing + blanket + ccstes +

distillaticn + fuels + prctactinium + two-iluid reactor

LKX620003

Carter WL + Milford RP + Stockdale &G

DESIGK STUDTES AND COST ESTIMATES OF THWO FLUOBIDE

VOLATILITY PLANTIS

Cak Ridge National Laboratory, Tenn,

ORNL-TM-522 (Oct. 10, 1962), 81 p, 25 fiq, 16 ref
Studies are made for 1.2 cu fts/day ané 12 cu ft/day plants
processing fuel frcom a 1000-MWE one-region fused salt
converter reactor. 1Iwo conditions were considerecd
for the smaller plant: (1) retenticn cf the swaste
salt fcr protactinium-233 decay and recovery ty a second
fluorination and (2) discard cf all protactiniun-233
as waste after the first fluorination. The larger pleant
vas considered only for the case cf prctactiniunm decay
and recovery. With protactinium recovery, the cagpital
cost is $25,750,000 for the larger plant and $12,556, C00
for the smaller plant. Operating cost is $2,241,C0C fcr
the larger plact and $1,103,00C tor the smaller plant.
With protactinium discard the capital ccst is $10,183,000
for the sraller plant. Processing ccnsists of fluoriration,
abscrrticn on scdiur fluoride, condensation in cold
traps, reduction in a hydrogen-fluorine flame, disscluticn
in makeufr salt and recycle to the reactor.

*capital costs + *converters + *operating ccsts + *[rccessirg +

absorgption + design + mclten salts + protactinium + reactors +

sodium fluoride + volatlllty

OTHER CATEGORIES: LJX

LKX700030
McNeese LE
ENGINEERING DEVELCPMENT STULIES FOR MOLTEN-CALT BREEDER
REACTOR PROCESSING NO, 1
Cak Ridge National Laboratory, Tenn.
ORNL-TM-3C53 (Nov. 1970), 85 p, 9 fig. 24 ref, .
Several operations~assotiated with MSBR prccessirg are under
.study. This repcrt describes {1) a recently completed
- facility for semi-continuous englneerlng experiments on,
reductive extraction, (Z) experiments related tc the
develcgment cf electrolytic cells for use with molten salt
and bismuth, (3) consideration of selective crystallization
of thoriur bissuthide from bismuth-thorium-rare earth
solutions as a means for separating thcrium frcs the r1are
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LKX70C030 *Ccntinued*
earths, and {4) a computer ccde that calculates the nuclear,
cherical, and physical prccesises occurring in the fuel
stream of an MSBB. This work was carried cut in the
Chemical Technclogy Division during the period Cctobet
through rLCecember 1968.

*development + *processing + *MSBR + bismuth +

computer codes + contactors + electrclysis ¢ rare earths #

reductive extracticn prccess + thorium :

LKX710001

McNeese LE

FNGINEERING DEVELOFMENT STULTES FOE MOLTEN-SALT BREEDER

REACTOR PROCESSING No. 2

Oak Ridge National Laboratory, Tenr.

ORNL-TM~-3137 {Jan. 1971) 102 g, 50 fig, 5 ref.
Several operations associatec with MSBR fprcces 51cq are under
study. This rercrt describes (1) a proposed reductive-
extraction flowsheet for a single tluid MSEF, (2) material-
balance calculations that shcw the effects ¢f the remcval
times for zirccnium, alkali retals and alkaline earths,
europium, and protactinium on reactor perfcrrance and that
indicate the magnitudes of the heat generation and mass
flows associated with the reactor off-gas, (3) calculated
results shoving the steady-state performance of a
protactinium isolation system, (4) an evaluaticr cf the use
of the protactinium isclation system to limit the uranium
concentration in the tlanket of a single-fluid MSBR, (5)
calculaticns tc predict the steady-state performance of a
rare-earth removal system Lased on reductive extracticn, (6)
preliminary testing of the semicontinuous reductive-
extraction facility, (7) expertiments trelated to the
develcrment cf electrolytic cells for use with molten salt
and bismuth, and (8) installation ot equipsert at the MSRE
fcr demonstrating lcw-fpressure distillation of molten salt
using irradiated MSBE fuel carrier salt. This scrk was
carried cut by the Chemical Technology [ivisicn durinc the
period January - Narch 1969.

*development + *processing ¢+ *MSBR 4 bismuth + electrolysis +

heat generation + MSEE + protactinium + rare earths +

reductive extracticn frccess + zirconium

1XX660031

Blankenship FF

CHEMICAL SEFARATIONS IN MOLTEN FLUORIDES

Oak Ridge Naticnal Labcratory, Tenn.

CONF-660524 (Proc. 2nd Int., Thorium Fuel Cycle Sywgcsiun,

bdtllnbu:g, May 3-6, 1966), pp. 647-652, 8 ref.

There are several favoratle reactions ir mclten flucride
systems that wculd permit rapid removal of fission prcducts,
Xenon and krypton are only slightly sclubkle ard transfer
intc any gas phase. Iodine can be removed Lty sparging¢ with

Accession Number LKX7CC03C tc LYIX660031
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Category 1
Fuel Preparation and Processing

LXX66C031 *Ccntinued* :
a mixture of H2 and HF., Rare earths car be separated by
distillaticn, by reducticn to insoluble intermetallic
beryllides in the salt, or by reducticn and extractior into
molten Li-Bi alloys. Protactinium can ke removed by oxide
precipitation.

*chemistry + *fission prcduct= + *poplten salts +

*separations + beryllium ¢+ chemical reactions +

distillaticn + experiment + icdine + oxides + processing +

protactinium + rare earths + reductive extraction fpiccess

LXX70C029

Whatley ME + McNeese LE + Carter HL + Ferris LM +
Nicholscn EL

ENGINEERING DEVELCEMENT OF THE MSBR FUEL RECYCLE

Oak Ridge National Labcratory, Tenn.

Nuci. Appl. Tech. 8, 170 (Feb. 1970), 9 p, & fig, 1€ ref.

" The MSBR being develored at CHFNL requires continuous
processing of the fuel salt, lithium flucride-beryllicm
flucride-thorium fluoride (72-16-12 mole %) containing
approximately 0.3 mole % uranium=233 tetraflucride. The
Teactcr and processing plant are planned as an integral
system, The main functions cf the prccessing plart will be
tc isclate fprotactirium-233 from the neutron flux and to
remove the rare-earth fission prcducts., The methcd being
develcped involves the selective chemical reduction of the
various components into liquid kismuth scluticns at
approximately 600 deg C, utilizing multistage counter-
current extraction. Protactinium, which is easily
separated frcm uranium, thorium, and the rare earths, would
be trapped in the salt phase in a stcracge "tank lccated
between two extracticn contactors and alloved to decay to
uranium-233, FEKare earths would te similarly serarated from
thorium; hcwever this operatisn will be more difficult
because the separation factors are lcower. Electrclytic

~cells would be used to introduce reductant into the bismuth
phase at the cathode and to return extracted uaterlal< to
the salt phase at the anode.

*development + *engineering + ¥MSBR ¢ *processing +

tismuth + chemical reacticns + extraction columns +

fission yroducts + flowsheets + fuel. cycle + molten ¢alts +

MSBR + prccessing + serarations +

reductive extraction process

OTHER CATEGORIES: LDX

1XX710021
McNeese LE -
ENGINEERING DEVELCPMENT STUDIES FOR MSER PROCESSING NC. 3
Oak Ridge Naticnal Labcratory, Tenn,
CRNL-TM-3138 (May 1971), 97 p, 35 fig, 13 ref.
This repcrt describes (1) calculated steady- state
performance of a protactinium isclaticn systen fcr
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1XX710021 *Continued* :
reactors fueled with uraniug or plutonium; (2) materisai-
balance calculations showing the effect of fissicn frcduct
remcval times cn reactcr performance; (3) experiments on
reductive extraction in a mild-steel flcw-thrcugh
facility; (4) a simulation of a flow control system for the
semicontinuous reductive extracticn system; (5) develcgment
of electrolytic cells fcr use sith molten salt and bismuth;.
{6) an analysis of the transfer cf materials in
electrolytic cells; (7) measurement of axial dispersicn in
packed columns using immiscitle liquids bhaving large
density differences; (8) calculated heat generation reates
and temperatures in a protactiniur extracticn cclumn; and
(9) 1lcw~-tressute distillaticn of irradiated MSEF fuel
carrier salt,

"*distillaticn + *processing ¢+ *protactinium +

*reductive extraction process + tisruthk + electrclysis +

extracticn columns + fissicn rroducts + heat generation +

molten salts + MSRE + plutonium + uranium

OTHER CATEGORIES: LDX + ICC

1XX710026

McNeese LE

ENGINEERING DEVELCPMENT STULCIES FOR MSBR PROCESSING NC. U

Oak Ridge Natiocnal Labcratecry, Tenn.

ORNL-TH-3139 (Aug., 1971), 124 p, 67 fig, 1€ ref.
This repcrt describes (1) experiments on the hydrodynamics
of packed column operation, carried out in a gild-steel
reductive extracticre facility, (2) measurerent cf axial
dispersion in fpacked columns in which immiscitle fluids
leaving large density differences are flcwing
ccuntercurrently, (3) a simplified methcd for estimating
the effect of axial dispersion on ccuntercurrent colusn
perfcrmance, (&) estimates of the effect of axial disgersion
in packed column contactors used for MSBR fprccessing,
(5) reasurements of axial dispersion coefficients in an
open bublkle column, (6) experiments related to the
development of electrolytic cells for use with mclten salt
and kiswuth, (7) the design and installation of the Flow
Electrol ytic Cell Facility, (8) the calitraticmn cf an
orifice-head pct flcwmeter for use with the Flow .
Electrolytic Cell Pacility, {9) the development of an
induction type of tismuth-salt interface detectcr, and
(10) calculaticns regarding the removal of ThF4 from
molten-salt streams Lty reductive extractiorn.

*extracticn columns + *prccessing ¢ bismuth ¢ dispersion +

electrolysis + flow measurement + ligquid level measurerment +

molter salts + reductive extraction process +

thorium fluorides
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MAC68CO3y

Tallackson JE

NUCLEAR AND PROCESS INSTRUMENTATICN -- EART IXIA, MSFE

DESIGN ANL OEFERATICNS EEPORT

Oak Ridge Naticnal Laboratory, Tenn. : :

ORNL-TM-729 (Feb. 1968), 397 p, 180 fig, 1CZz ref.
The first part of this document gives a general description
of the entire MSRE instrumentation and ccntrcl system
including ccntrol of auxiliary equipment and the instrument
power system, Considerations which influenced the design
are also discussed and the physical laycut of the
instrumentation system is descrited. The seccnd part is
a detailed description cf the safety instrumentation and
nuclear control systems, 1Included are neutrcr instruments,
safety circuits, ccntrcl-rod system, and the heat load
control, Also described are the instruusents and
interconnections of the radiation and contamination
monitoring system, process radiaticn mcnitcrs, and the
data logger-corfputer systenm.

*design + *design criteria + *instrumentaticn + *MSRE +

*radiation measurement + *safety + computers + control +

control rods + control-rod drives .+

data acguisiticn systems + electrical circuits +

health physics + monitors + off-gas systems
‘OTHER CATEGORIES: JBX

MAD690004

Gabkard CH

DESIGN ANLC CONSTRUCTION OF CORE IRRALIATION-SPECIMEN ARRAY

FOR MSRE RUNS 19 ard 20

Cak Ridge National Laboratory, Tenn.

ORNL-"TM-2743 (Dec. 22, 1969) 23 p, 7 fig, 0 ref.
A new MSEE core specimen array was desicned ard fabricated
tc replace the type cf metallurgical surveillance specimen
array that was used in the MSRE througb Run 1€, The
main purpose of the new array is to measure the capture-
to-absorption ratio of uraniur-233 and tc deteriire
the effects of salt velocity, turtulence, and surface
finish on the deposition of fissicn products on graphite
and on Hastelloy N. Two additicnal test specirmers
were included, cne cf pyrolytic graphite to determine-
if there is permeation of fuel salt cr its ccrstituents
intc the graphite ard cne of Hastelloy M to expose a
series of electron mlcrcscope screens ir a ttap;e
gas pccket,

*MSRE + *irradiation + d951qn + fatrzcatlon + *yranium-233 +

cross sections + fissicn prcducts + adsorption ¢ graphite +

*Hastelloy N + surveillance + pyrocarhcn + intrusicr

OTHER CATEGORIES' MBX

MaX650019
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MAX650019 *Continued*

Robertson RC

MSRE DESIGN ANLC OPERATIONS REPORT, PART I, DESCRIPTION. OF

REACTOR DESIGN :

Cak Rjdge National Laboratory, Tenn. :

ORNL-TM-728 (Jan. 1965), 567 f, 112 fig, 61 tables, 176 ref.
This report is one of a series descriktirg the MSRE. The
reactcr and other majcr ccemponents and systems are fully
described and detailed flowsheets show process data and
instrumentation for both the main apd auxiliary systeums,
The fuel salt was LiF-BeF2-ZrF4-UF4 and the ccolant salt
used to transport heat from the primary heat exchanger to
the air-cooled radiator (heat sink) was liF-EeF2,
All parts of the systems in ccntact witl the =salts were
fabricated of standard Hastelloy ¥, Cperating temperatures
for the fuel salt were 1175 deg F to 12zt deg F, and for
the coolant salt were 1025 deg F to 1100 deqgq F. & drein
tank, cooled by boiling water in thimltles, was vsed tc
store the fuel salt. The site facilities, building
services, containment cells and cther structures, and the
varicus reactcr system electrical circuits, are also
described. (Nuclear calculaticns, operaticrnal prccedtres,
perfcrmance data, and maintenance aspects are given in
companion reports ORNL-TN-729, 73C, 731, 732, 733, SOE,
9C9, 910, and S11.)

*NSRE + *design + reactors + heat exchangers + punps +

off-gas systems + drain tanks ¢+ graphite + Hastelloy X 4

processing + molten salts + experiment +

temperature seasurement + thermal shield + absorbers +

electrical circuits + freeze valves +

liquid level measurerent + sampling + flowsheets +

instrumentation + maintenance

OTHER CATEGORIES: IAB

MBX64 0003

McDonald #B _

MSRE DESIGN'AND CCNSTRUCTION (PART OF MSRP SEMIANN PRCG

REPORT 7,/31/€4)

Cak Ridge National Laboratory, Tenn.

ORNL-3708 (Nov. 1964), pp. 22-82, 44 fiqg.
This paper gives a brief description of the NSEFF desicn and
considerable detail (including 3% phcteccraphse) ¢f ccmponent
fabrication and installation, which vas nearing completion
at the time of writing in Auqust, 19€4,

*constructicn + *¥MSRE + ccmponents + description +

fabrication + progress report

OTHER CATEGORIES: MAB

MBX700002
Webtster BH ,
QUALITY-ASSURANCE PRACTICES IN CONSTRUCTION AND MAINTENANCE OF THE
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QEJ MSRE

MBX700002 *Continued*
MOLTEN~SALT REACTOR EXPERIMENT

Cak Ridge kNational Laboratory, Tenn,

ORNL-TM¥-2999 (June 1970), 106 p, 4 figqg,

- The MSRE was built at ORNL to demcnstrate the gracticality
of the molten-salt reactor concept. Site construction and
installation of auxiliary systems were Ly cutside
contractors, while the frimary reactor systems were
installed by ORNL forces. LCesign, prccurerent,
coenstruction, and maintenance followed BSME codes, ORNL
practices, and special procedures develcped fcr the MSRE by
the ORNL Reactor Divisicn group primarily responsible for
gJuality assurance., This report descriktes the prcgram, the
proklems that were encocuntered, and the lessons that xere

- learned., Four years of relialle cperation cf the MSRE
proved the success c¢f the guality-assurance program.
*MSRE + quality assurance + construction + inspecticn +
maintenance + frccedures + testing + welding
CTHER CATEGCFIES: MEX

.)

MCA66C001
Guymon RH + Haubenreich PN + Engel JR
ASRE DESIGN AND OPERATIONS REEORT FART XI, TEST FRCGEAM
Cak Eidge National Laboratory, Tenn.
ORNL-TM-911 (Nov. 1966) 84 p, 0 fig, 2 retf.
The test program for operaticn of the MSRE with U-235 fuel
* is divided intc 4 major phases: precritical testing,
initial critical measurements; low-power measurements, and
reactor capability investigaticns, Witkin each fphase
individual tests are briefly described to define the
objectives and general procedures to ke follcwed. Internal
Test Memcs are identified which contain detailed procedures
and check lists used¢ in performinc the tests
*MSRE # *plans + *testing + *cperation + primary system +
secondary systems + containment + compcnents + experiternt +
surveillarce + procedures
CTHER CATEGCRIES: KAE

-

MCA68C004

Engel JE

MSRE DESIGN AND OPERATIONS REFOET, FART XI-A, TEST IFCCFAH

FCR UFANIUM-233 OPERATION

Oak Ridge Naticnal Labora tory, Tenn.

ORNL-TM-2304 (Sept. 1968), 18 p, 1 fig, 9 ref.
General rlans for cperating -the FKSRE with uranium-233
fuel are outlined. The equipment and procedure fcr
lcading highly radioactive uranium-233 are described.
Experirent fplans include measurement of the initial critical

)

. loading, control-rod calikration, evaluaticn cf temperature,
~ fuel concentraticn and power coefficients of reactivity,
\EJ pover calibration, control-system tests, and dyrarics

tests, Continued reactcr operation will permit study

Aéceséion Numker MBX700CC2 tc MCA6B80004
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MCA680004 *Continued¥
of the reactivity behavior, noise analysis, measurement
of the capture-to-fission ratic fcr urarium 233, and
additicnal investigation c¢f salt, uranium, fission-
product, and materials tehavior. '

¥MSRE + *plans + *urapium-233 + *operation +

dynamic characteristics + fuels + stability +

‘reactivity + #*surveillance + *loading + criticality +

*experiment + chemistry + materials + fission products + .

nuclear analysis

OTHER CATEGORIES: KAB

MCB650021

Smith AN ,

MSRE TESIGN ANLC OPERATIONS REPORT, PART IX, SAFETY

PROCEDORES AND EMERGENCY FLlANS

Cak Eidge National Laboratory, Tenn.,

ORNL-TM-9C9 (June 1965), 46 g, 16 fiqg, 3 ref.
Contains brief description ot Lasic plar, emergency
philcsophy, organization and responsitilities, emergency
procedures, description of possible local emergencies and
plans of action, and backcround inforration.

MSRE + oreraticn + fplans + rrocedures + safety

MCB650022

Guymon RH

MSRE CESIGN ANL OPERATIONS REPORT, PART VIII, OPERAITING

PROCEDURES (VOL. I)

Cak Ridge National Laboratory, Tenn.

ORNL-TMN-9C8 (Vcl. I), (Dec. 1965), 478 p.
Contains bkrief training material, descripticr cf auxiliary
systems (electrical, air, vater, ventilation, etc.),
and complete startup check list fcr eacl systern.

MSRE + operaticn ¢ operatcrs + fprocedures ¢+ startugp

nce660029

Guymon RH

MSRE CESIGN ANL OPERATIONS REPORT. Part VIII, OPERATING

PROCEDURES (VOL IT)

Cak Ridge National Laktoratory

ORNL-TM-908 (Vcl II), (Jan. 1966), 539 p.
Contains procedures for reactcr startug, fuel sasgling,
instrument calibration and heat balances, response to
unusual operating ccnditions, routine okservaticnas,
reactor shutdown, shutdown operations, gairnterarce.
Includes checklists for various operations.

MSRE + operation + plans + procedures

MCBAICOSY
Guymon FH + Haukenreich PN
OPERATING SAFETY LINITS FCR THE MSRE

Accession Number MCA6800C4 tc MCB6SOCEL
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MCB69COSY *Ccntinged*
Cak Kidge National Laboratory, Tenrn, -
ORNL-IM-733 (3rd revision) (July 1969), 11 p.
This document prescribes limits for parameters descriking
the coperating conditions of the MSRE. It covers all items
directly related to the health and safety cf the fublic.
Selected items affecting only the safety of the operators
and the protection of the Experirent against disabling
accidents are also included. Earlier editions vere
"issued in April 1965, August 1965, and Septesber 1966.
*MSRE + *gperation + *safety limits + procedures + safety
CTHER CATEGCRIES: KAB

MCB71€012
Guymon RH
MSRE PROCEDURES FOR THE PERIGD BETWEEN EXAKIMITICN BNL
ULTIMATE DISECSAL (PHASE TIII OF CECOMMISSION PROGRAN)
Oak Ridge Naticnal Labcratory, Tenn.
CENL-TM-3253 (Feb. 1971, 41 p, 3 fig, S retf.
This document describes the condition of the FSEE and
specifies procedures to ke fcllowed after the
pcst-cperation examinations and before the ultimate
"disposal of the fissile and radicactive material in the
reactor. The fuel salt will be kept frozen in the sezled
drain tanks, within secondary containmert whcse cnly
opening is through filters to a stack. Surveillance will
consist of remote monitoring ‘and daily visits by X-10 fplant
perscnnel. Perscnnel access %ill be controlled Lty the
security fence around the reactor tuilding. The MSRE
Procedures specify remedial actions for abnormal
conditions, Also specified are fprocedures and
resgonsibilities fcr maintenaance, modifications, and
removal of surplus eguipment.
MSRE + prccedures + storage + surveillance +
adainistration + containment ¢ flowsheets ¢+ gmaintenance +
operaticn + plans + testing

- MCC660005

Ball sJ-
SIMULATCRS FCR TEAINING HGLTEN*SALT REACTOR EXPERIMENT
OPERATORS.
cak Ridge National Laboratory, ‘Tenn, ,
ORNL-TM-1445 (Apr. 5, 1966), 25 p, 11 fig, 4 ref.
Two on-site reactor kinetics simulators were develored
- for training operatcrs cf the Polten-Salt Feactor
- Experiment (MSRE) in nuclear tartup and pcwer~level
operating procedures. Both sjimulators wsere set up
on general purpose, portalkle ilectronijc Asscgciates, Inc.,
TR-10 analog computers and we:-e ccnnected tc the reac tcr
ccentrel and instrumentation system, The training
program was successfully completed. Also, the reactor

Accessicn Number MCB690054 to KECCE€0005
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MCC66 0005 *Continued* :
ccentrol and instrumentaticn system, the operating
procedures, and the rod and radiator-docr drives vere
cbecked out. Scre rincr modifications were made to
the system as a result of the experience with thkese
sirulators

analog systems + *MSRE + *traxnlng + sigulaticn +

*operators + startup + testing

MCC670044
Guymon RH :
MSRE ==~ TRAINING, PREPARATION FOR OPERATION AND OPERATING
TECHNIQUES
Cak Ridge National Laboratory, Tenn,
Suppl. tc ANS Trans {(10), Conf. on Eeactor Cp. Exp.
(July 1967), p. 35.
Three pericds cf training were given: Initial (systex
familiarity prior tc checkout), Frecritical (2 simulator
was hooked to actual controls and instrument readcuts), and
Pre-pcver (more simuvlatcr work, operation of power systems).
Operations procedures and practices are alsc discusseqd.
MSRE + operators + procedures + training

¥CD680010

Haukenreich PN + Engel JR

RECENT EXEERIENCE WITH THF MOLTEN-SALT REACTOB EXPERIMENT

Oak Ridge Naticnal Labcratory, Tenn.

Summary of paper presented at ANS Winter Meeting, .

dashington D. C. Ncv. 10-15, 1968, AKS Transactions 11 (2)
619, 1 p. :

Operating experience with 0-235 fuel in the HMSFF is
described. From initial criticality in June 1, 1$65 to
March 19€8, the reactcr was critical 11,515 hr and
generated 9005 equivalent full-pgcwer hours cf erergy &t
pcver levels tc 8 Muw. The shutdown in March 15€& was tc
pereit changeover tc U-233 fuel. Cperation with U-23°¢
demonstrated system reliatkility and raterials ccrpatikility,
Infcrraticn was collected on fission-product kehavior,
nuclear characteristics, and reactivity pehavicr. Operating
difficulties were associated with a very small oil lezk in
the fuel circulating pump, the fuel sampler, air-line
disccrnects, and seccndary cooling blowers. Some remote-
maintenance techniques were demonstrated. (A ccrvenient
sumrary cf MSRE cperating experience through June 196¢ is
published in Nucl. BRppl. Tech., 8, 118 (Feb. 1970). See
MCD700001.) : »

*MSRE + *operaticn + *exfterience + *uranium- 235 +

reactivity + components + fission products + tuel= +

rare gases + maintenance

CTHER CATEGCRIES: KABAE

HCD69CO017

Accession Numker MCC66C0CE to HCDGSCCI?
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MCD69C017 *Ccntinued®
Engel JR + Hautenreich PN
OPERATION OF THE MOLTEN SALT REACTCE EXEERIMEMN WITH U-233
FUEL
Oak Ridge Naticnal Laboratory, Tenn,
Summary of paper presented at ANS Ccnference cn Reactcr
Operating Experience, San Juvan, Fuerto Rico, COct. 1-3,
1969, ANS Transactions, 12 (Suppl), 10, 2 p, 3 ref.
The MSRE was operated fcr 3000 equivalent full-power hours
from September, 1968 through September, 1969 with U-2:3
fuel., Static and dynamic chaacteristics of the reactcr wvere
essentially as predicted. Special fuel samples were taken
to evaluate U-233 integral cross-sectior ratics in an MSR
spectrum. Experiments vwere conducted to measure cover-gas
entrainment in the fuel loop and its effect cr fissior-
product stripping. Fissicn-product distribution was
studied with a remote gamma-ray spectrometer. Small amounts
of rlutoniur flucride were added to the fuel. Fuel
chemistry and materials compatitility studies ccntinued to
shcw good system behavicr. (Freprints of the full pager
{25 p, 8 fig, 14 ref) are availalle fros the authcrs;
similar rpaterial is fresented in Nucl. 2ppl. Tech. 8, 118
(Fek. 1970) . See MCD700001.)
*MSRE + *cperation + *experience + fuels + *uraniug-233 +
*plutcniun + *nuclear analysis + dynamic characteristics +
reactivity + fission products + buktlles + cross secticns +
corrosicn + garma spectrcmetry + inert gases ¢ noble metals +
rare gases + control rods + pumps + off-gas systers + heliurm +
argon + ccver gas + void fractions
CTHER CATEGCRIES: KAB

MCD6ICOE

Haubenrelcb _EN

MOLTEN-SALT REACTOR PROGRESS.

Cak, Ridge National Laboratory, Tenn.

Nucl. Engrg. Int. Vol. 14, Nc. 155 {(April 1969),
Pp. 325-329, 3 fig. »

- This article tcuches briefly on earlier MSF technology
development, then describes the MSRE and its cfperating
experience., (A more recent, lengthier paper along the
same lihes is in the Felk. 1970 .KNucl. Aprl. Tech.)

*experience + *¥MSRE + *opetatlon + design ¢ MSRP +
startup

CTHER CATEGCEIES: KAE

MCD69COE2

Blumberg F + Dyer FF + Houtzeel A

MSRE USES REMOTE GAMMA SPECTRCMETRY FCE FISSICN EECILUCT
DEECSITICK STUDIES

Oak Ridge Naticnal Laboratory, Tenn,

ANS Trans. 12{2) (Dec. 1969), p. 84z,

Accessicn Numbexr ¥CD69C017 to MCL69(CCE€2
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KCD69C062 *Continuedx
Describes adaptation of gamma ray spect:osccpy and resote
handling tc investigate fissicn product behavior in
inaccessible portions of MSRE system. Enabled study cf
depcsition of fissicn products on metal surfaces of the
system where heat removal is of particular imgcrtance.
Equiprent consisted cof GE{Li) diode detector placed at the
exit of a oné-eighth-inch ty 12-in.-lonc aferture and a
400-channel analyzer. :

*design + *gamma spectromeétry + *MSEE + analysis +

deposition + experience + fission prcducts + cperatxc: +

remote maintenance

OTHER CATEGCFIES: JLX ¢+ HNLE

MCD7CCOCH

Haubenreich PR + Engel JR .

EXPERIENCE WITH THE MOLTEK-SALT REACTCEF EXFERIMEKT

Cak ERidge National Leboratory, Tenn.

Nucl. Appl. Tech. 8: 118 (1970) 19 p, 6 fig, 16 ref.
The MSRE is an 8-Mw {th) reactor in whict mclten flucride
salt at 1200 degrees F circulates through a core of
graphite bars., Its purpose was to demcrnstrate the
practicality of key features of molten~-salt power
reactors. Operation with U-235 in tke fuel salt amcurnted
to S0CO0 equivalent full-pover hours betseen June 1965
and March 1968, At the end of a 15-mcnth demcnstraticn
of reliability the reactor was shut down and the U-
23% vas stripped frcom the salt in on-site fluorination
equipment. U-233 was added to the salt and cperaticn
vas resured in Octcber 1968. Cver 2500 EFEH has Leen
produced with U-233 through July 1969. The MSRE has
shown that salt handling in an operating reactor is
quite practical, the salt chemistry is sell-Ltehaved,
there is practically nc corrosion, the nuclear
characteristics are very close to predictions, and the
syster is dynamically stable. Containment of fission
products has been excellent, comfpcnent ferfcrrarce
has been gocd, and maintenance of radioactive ccmponents
has been accomplished safely and withkout unreascrable
delay.

*experience + *MSRE + *maintenance ¢ *operaticn + ccrpcnents +

descripticn + flucrinaticn + performance + reactivity +

reliability

OTHER CATEGORIES: KAB + EKEC

MDA620001

Fngel JR + Haulenreich PN ‘

TEMPEFATUERES IK THE MSRE CORE LDURING STEADY-STATE POWER
OPERATION

Cak Ridge HNational Laboratory, Tenn.

ORNL-TM~-378 (Nov. 5, 1962) 58 p, 14 fig, B ref.

Accession Numker MCD690062 tc MLA620001




»

-

«)

Page 145

Category M
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MDA620001 *Ccntinued®
Overall fuel and graphite temperature distributicns were
calculated for a detailed hydraulic and nuclear
representation of the MSRE fueled with Lighly erriched
uraniue- 235, 1These temperature distributions were
importance and volume weighted to oktair nuclear and Lulk
mean temperatures fcr bcth materials., At the design power
level of 10 Mw, with the reactor inlet and cutlet
temperatures at 1175 deg P and 1225 deg F, respectively, the
nuclear mean fuel temperature is 1213 deg F. The bulk
average temperature of the fuel in the reactor vessel
(excluding the volute) is 1198 deq F. For the came
conditions and with no fuel permeation, the graphite nuclear
and bulk mean temperatures are 1zZ%7 deg F and 1226 deq F,
resgectively. Fuel rermeation of 2% of the graphite volunme
raises these values to 1264 deqg F and 1231 deg F,
respectively. Pover coefficients of reactivity are
calculated under various assumptions of system temperature
control.

*analysis + *MSRE + #cores + *reactivity + fluid flow +

heat generation + neutron flux + nuclear analysis +

*therral effects + calculaticns

MDA620Q002

Prince BE + Engel JR

TEMPERATURE ANL REACTIVITY COEFFICIENT AVERAGING IN THF MSRE

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-TM~-379 (Cct. 15, 1962) 26 p, € ftig, 5 ref,
Use is made of the concefpt of 'nuclear averaygye temperature!
to relate the spatial temperature prcfiles in fuel and
graphite attained during high power operation of the MSRE
to the neutron multiplication constant., Based cr twc-groug
perturbation thecry, temperature weighting functions for
fuel and graphite are derived, frcam which the nuclear
average temperatures may be calculated. Similarly,
importance-averaged temperature coefficients cf reactivity
are defined. 1The values of the coefficients calculated for
the MSRE were ~-4,4 x 10 (-5th) deqg F fcr the fuel and -7.3 x
10(-Sth) for the grarhite. These values refer to a reactor
fueled with salt which does nct ccntain thcrice. They were
about 5% larger than the values ottained frcm a cne-region,
homcgenecus reactor model, thus reflecting the variation in
the fuel volume fraction throughcut the reactcr and the
effect of the ccntrcl rod thimbles on the flux profiles.

*MSRE + *nuclear analysis + *reactivity + *thermal effects +
nodels ¢ neutrcn physics + calculaticns + methods
CTHER CATEGCKIES: EEX. ,

MDA630002
Haubenreich EN
INHERENT NEUTRON SOURCE IN CLEAN MSEE FUEL SAIT

Accession Numbgr MDAGZC001 tc MLCA63CC(C2
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MDA63C002 *Continued*

Cak Ridge Kational Laboratory, Tenn.

ORNL-TM-611 (Aug. 1963), 17 g, 6 ref.
Alpha particles from uranium interact with berylliur and
flucrine tc prcduce an inherent source of neutrons in the
MSRE fuel salt. The spontanecus fissicr scuice is
relatively insignificant. Calculations are described
vhich predict an inherent source of 3 tc 5 x 1C (5th)
neutrons/sec in the 25 cu ft of salt in the MSFE core.

calculations + MSRE + neutron sources + fu€ls + :

molten salts

HDAGUCOO0]

Engel JR + Haubenreich PN + Prince BE

MSRE NEUTRON SOURCE REQUIREMEKTIS

Cak Ridge National Laboratory, Tenn.

ORNL-TM-935 (Sept. 1964), 37 g, 11 fig, 6 ref.
The alpha-n source inherent in the uranium-235 fuel salt
meets all the safety requirements for a neutron source in
the MSEKE. Subcritical ftlux distributions were calculated
to determine the ccebination cf external source strencth
and detector sensitivity required for mcnitcring the
reactivity, If more sensitive detectors than the servo-
driven fission chamters are installed in the instrumert
shaft to monitor the filling cperation, the calculaticans
indicate that the required scurce strencth car ke reduced
froe 4 x 10(7th) n/sec to 7 x 10(6th) n/sec. An antimony-
beryllium source with an initial strength cf 4 x 10 (8 th)
n/sec would still produce 7 x 1C(éth) n/sec one year after
installation. Abstractor's ncte: The external scurce
ultimately selected for use in MSRE was americivm-curium-
bterylliue.

*calculations + *neutron sources + *MSRE + safety +

neutron flux + nuclear amnalysis

MDA64 0002

Engel JR® + Prince BE

CRITICALITY FACTCRS IN MSRF FUEL STORAGE AND LRAIN TANKS

Oak Ridge Naticnal Labcra tcry, Tenn.

ORNL-TM-759 (Sept. 1964), 18 p, 3 fig, = ref.
Calculations inrdicate that there is no danger in the fuel
storage or drain tanks with uranium-23S5 fuel csalt of rcrmal
ccncentration even if the salt is frozen and cooled to
20 deg C and the tank is suktmerged in vater, fprcvided the
uranium remains evenly dispersed in the salt. 1If
segregation of the uranium occurs durinc freezirg ard all
the uranium accurulates in a region near the center of a
tank, criticality will occur at zC deg C fcr ccrcentrations
factors of 4 or more. Criticality can Lke avoided by keeping
the salt molten or Lty dividing tbe fuel charge amcng twe or
more tanks befcre it is allowed to freeze.

*calculations + *criticality + *freezing + *fuels +

Accessicn Number MDA€3C0CZz to MILAGUCCC2
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¥DA640002 *Continued* ,

uranius-235 + *drain tanks + storage + density +
phase equilibria + *MSRE + nuclear analysis
OTHER CATEGORIES' BGX

MDA6 L0006

Haubenreich PN + Engel JR ¢ Prince BE + Claiborne BC

MSRE DESIGN ANT OPERATIONS REPORT PART III -— NUCLEAR ANALY‘IS

Oak Ridge Naticnal Laboratory, Tenn. :

CBNL-TM-73C (Feb. 1964), 199 p, 63 fig, 52 ref.
Early calculations of effects ¢of core size and fuel-
tc-graphite ratio had determined the core design. This
report describes the calculated nuclear characteristics
of the MSRE with 3 fuel compositions. <Cne had thoriur
and highly enriched U-235; a second, hichly erriched
U-23% and nc thoriur; and a third, 35% enriched U-235 and
no thorium, all in a carrier salt of litbium, beryllicum
and zircorium fluorides. Calculated quantities include
critical loadings, fluxes, temperature distrikutions,
temperature coefficients, delayed neutrcn effects
ccntrcl red worth, dymamics, iand neutron sources.

*MSRE + #*nuclear analysis + contrcl rods + criticality +

delayed neutrons + heat generation + neutron flux +

reactivity + shielding

OTHER CATEGORIES: BBX # BCX

¥DAS4 0007
BEdll SE + Haubenreich PN + lindaver KRE + Tallackson JF

MSRE TCESIGN ANLC CPERATIONS REPORT, PART V ~-- REACTOR
SAFETY ANALYSIS REPORT o .
Cak Ridge National Laboratory, Tenn,
ORNL-1TM-732 (Aug. 1964), 300 g, 109 fig. 50 ref.
The MSRE is descrited vith emphasis cn ccmpcnent design,

147

instrumentation and controls, site, layout, and containment.

Plans and staff for startup aad operation are outlinecd.
Three different fuel compositicns and a power level
. of 10 Mw were considered. Nu:clear incidents that
‘conceivably could cause damage are analyzed ard it is
cencluded that ncne could breach the containment. The |

secondary containment design is shown tc be adeguate even if

all the fuel were sgilled in the cell.
*anal ysis + *MSRE + *safety + acc1dents + containmert +
contrcl + instrurentaticn -

"CTHER CATEGCRIES: BGX + JBX

MDA65C001

Ball SJ #* Kerlin TW

STABILITY ANALYSIS OF THE HOLIEh SALT EEACTCE EXEEEIMINT

Cak Ridge National Lakoratory, Tenn,

ORNL-TM-107C (Dec. 1965), 80 , 23 fig, 20 ref.
A detailed analysis shows that the Mclten-Salt keacto1l
Experiment is inherently stable with uranium-23¢% fuel.

Accession Number MDA640002 to MIA650001
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MDA650001 *Continuedx , ' ,
It bhas sluggish trarsient response at lov power, Lut
this creates no safety or operaticnal problems. The
study included analysis of the transient response,
frequence response, and pole configuration. 1he effects
of changes in the rathematical model for the systenm
and in the characteristic parameters uwere studied.
A systematic analysis was also made to find the set
of parameters, within the estimated uncertainty range
of the design values, that gives the least stakle condition.
The system was found to ke irherently stable fcr this

condition, as vwell as fcr the design condition. Comparisons

are made with previous models which underestizated
stability. Reascns are given to explain the increase
in stability with increasing pcwer level,
¥MSRE + ¥stability + *dynamic characteristics + *uranium-235 +
analysis + nuclear analysis ® calculaticns + *modelc
OTHER CATEGORIES: BCX

MDA660003

Prince BE

PERICLC MEASUREMENTS ON THE MOLTEN SALT REACTOR EXPERIMENT

.DURING FUEL CIRCULATION: THECRY AND EXEEEREIMENT

Cak Ridge National Labkoratory, Tenn.

ORNL-TM-1626 (Oct. 1966), 36 g, 8 fig, 10 ref.
A theory of period dependence cn the fuel circulaticn is
developed from the general space-dependent reactor kinetics
equations., A procedure for computer evaluaticn cf the
resulting inhour-type equaticn is presented, together
with numerical results relating the reactivity tc the
otserved asymptctic period, both with the fuel circulating
and with it stationary. The calculated reactivity
difference betveen the time-independent flux conditions for
the noncirculating and the circulatinc fuel states is in
close agreement with the value inferred from the MSRE rod
calibration experiments. Rod-tump pericd measulierents made
with the fuel circulating were converted to differential rod
wvorth by use of this model. These results are ccrpared with
similar rod sensitivity measurements made with the fuel
stationary. The rod sensitivities measured under these two
ccnditions agree favorably, within the limits of precision
of the period measurements., Due to the prcblesr cf
maintaining adequate fprecision, however, the period-rod
sensitivity measurements provide a less conclusive test of
the theoretical model than the reactivity difference tetween
the time-independent flux conditicns.

*analysis + *circulaticn + *dynamics tests + #%experiment +

*MSRE ¢+ control rods + criticality + delayed reutrcrns +

experience + mcdels + reactivity + startup + uranium-235

CTHER CATEGCFIES: ECX + MILC

MDA6€COOY

Accession Numbker MDAG6E5ECOC1T1 tc MLA66CCCY
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MDAG66COCY *Ccntinuedx

Engel JR + Haubenreich PN + Ball SJ

ANALYSIS OF FILLING ACCIDENTIS IN MSEKHE

Ccak Ridge National Laboratory, Tenn

ORNL-TM-497 (Aug. 1966), 41 p, 14 fig, 2 ref.
Whenever the MSRE is shut down, the fuel salt is draired
fror the ccre. Then, -during a normal startup, the
graphite and the fuel are preleated and the ccntrcl
rcds are pcsitioned so that the reactor remains subcritical
while it is beinq filled. Certain atncrmal c1rcumstancec
could result in criticality and a power excursion
in the partially filled core., Varicus fcstulated
incidents were surveyed and the worse case was analyzed
in detail. This case involved selective freezirg
in the drain tanks to ccncentrate the uranium in the
molten salt fraction., Physical restrictions cn the
fill rate and safety actions of control rods and gas
control valves limited the calculated pcwer and temfe1ature

" excursions sc that any damage to the reactor would

be prevented. Abstractor's note: It was subseguently
shown that the degree ¢f uranium concentration required
for a serious filling accident cannot ke attained by
partial freezing of the salt. Protective circuits
and administrative procedures to prevent abncrzal fills
were retained.

*MSRE ¢+ *accidents + *analysis + ¥freezing + excursicrs +

*simalaticn + *nuclear analysis

CTHER CATEGCRIES: BGX

MDA67C038

Haubenreich EN

SAFETY ASPECTS OF THE MSRE

cak Ridge National Laboratory, Tenn, .

Nucl. Safety vcl., 8 Nc. 3 (1967) pp. 226-235, 2 ftig, 12 ref.

- Fluid-fuel and solid-fuel reactors, altlough sirilar in
‘ultimate containment recuirements, differ in the kinds of
accidents that can cause syster damage. Scre tluid frels
are susceptible tc segregation, and filling accidents are
more likely, but afterheat is more easily handled. The
surviving fluid-fuel concept, the molten-salt reactor, is
being developed into a thermal lreeder. The MSRE, in which
molten fluoride salts circulate at 1200 deg F, is a step in
that development., Safety analyses and experience have -
shown the MSRE tc be safe, and no serious protlems are
expected in designing safe molter-salt treeder reactors.

*accidents + *MSRE + *reviews ¢+ #¥safety + afterheat +
analysis + containment + experience
OTHER CATEGORIES: BGX

MDAG 70040
Kedl RJ + Hcutzeel A

Accession Number MDA6E0COU4 to MLCA670040
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MDA670040 *Continued* '
DEVELOPMENT OF A MODEL FCR COMPUTING XE-135 MIGRATICN IN
THE MSRE .
Oak Ridge Naticnal Labcratory, Tenn.
ORNL-4069 (June, 1967), 77 p, 2z fig, 3 tak, 21 ref. ,
The report deals primarily with developing a model for
computing the migration of Xe-13% in the MSRE ard vith
experiments conducted tc establish the model., 2
preoperational experiment was run in the MSRE with Kr-85
tracer, and rany of the gas-transport coanstants were '
inferred from the results. Fquivalent transpcrt constants
for calculating the Xe-135 migration gave a poisoning of
about 1.4% without circulating Ltutkles and well Lelcw 1%
with bubbles, Prelirinary measurements made on the critical
reactor show xenon poisoning of C.3 to C.4%. Sirce
physical measurements ccntirm that there are tutktles in the
system, the conclusion is drawn that the ccmputation todel,
the krypton experiment, and reactor operation agree.
*analysis + *mass transfer + *models + *MSRE ¢ *xencn +
computer ccdes + diffusicn + graphite + krypton
OTHER CATEGORIES: BFX + IBA

MDAG70041 .
Kedl RJ \
A MODEL FCR CCMPUTING THE MIGRATION OF VERY SHORT LIVED

NOBLE GASES INTO MSRE GRAPHITE :

Cak Ridge National Laboratory, Tenn.

ORNL-TM-1€10 (July 1967), 26 g, 4 fig, 1 tab, 6 ref,
A model descriking the migraticn cf very shcrt-lived rcble
gases frcm the fuel salt to the graphite in the ESRE CORE
was developed. From the migration rate, the mcdel comfputes
(vith certain limitations) the daughter-product distrikution
in graphite as a function of reactor cperaticral histcry.
Noble-gas daughter-frodvct concentrations (EA-14C, CE-141,
SR-€9, and Y-91) wvere measured in gragphite sasples resoved
fror the MSKE core after 780C MWkr of pcwer cperaticn.
Concentraticns of these isotopes computed with this model
compare favorably with measured values

*analysis + ¥*experience + *fission products + *graphite +

*mass transfer + *MSRE + computer codes + diffusicn +

kryptcn + pclten salts + 3xenon

CTHER CATEGCEIES: IEA

MDAG68COO03
Haubenreich EN + Enqel JR + Gaktard CH + Guymcn RH +

Prince BE
ESRE CESIGN ANL OFFRATIONS REPORT PART V-A, SAFETY ANALYSIS

OF OPERATION WITH U0-233

Cak Fidge National Labkoratory, Tenn. ‘ .

ORNL-TM-2111 (Feb. 1968), 80 .p, 24 fig, 36 ref. a &sj
This report presents data and enalyses thkat supjpcrt
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MDA680003 *Continued*
the conclusicn that it is safe to load and operate the
MSRE with uranium-233, It summarizes pertinert experience
with the MSRE and new information on materials through
December, 1967. ‘Procedures fcr producing, hardling
and lcading enrichirg salt are described and tkeir
safety assesscd. Theé nuclear characteristics cf the
reactor with 0-233 fuel are presented and the possibility
of breach of the primary containgcent due tc credible
nuclear incidents is reexamined taking into acccunt
the different dynamics charactersitics, the acticn
of the safety system and the condition of the salt
system after two years ot operaticn.
*analysis + *MSRE + *safety + *uranium-233 + containment +
dynamic characteristics + engineered sateguards + excursicns +
fuel freparation + Hastelloy N ¢ loading + radiation damage +
reactivity '
OTHER CATEGORIES: BGX

MDA690001

Steffy RC

INHERENT NEUTRCN SOURCE IN MSRE WITH CLEAN U-233 FUEL

Oak Ridge Naticpal Laboratory, Tenn.

CRNL-TM-2€8% (BMug. 10, 1969) 22p, 2 tig, 11 ref.
After about three years of nuclear ofperaticn, tke MSRE
fuel, enviched U-235, was replaced with a U-233 fuel
mixture, Tn this new mixture there are quantities
of U-232, 0-233, and U-234. Each of these, along with
the 0-232 decay chain, is a strcng alpha eritter and
interacts with flucrine, beryllium, and lithium to
produce neutrons. - This neutrcn scurce is time-dependent
because cf the buildur of U-232 daughters, and at the
time of reaching criticality with the U-233 fuel, the
neutrcn scurce in the MSRE core was about 4 x 10 (8th)
neutron/sec, primarily from the reacticrs Be9 (Alpha,N)C12
and F19 (Alpha,N)Naz2. Alpha-N reactions with lithiur
will produce less than 3 x 10(6thy neutrons/sec.
Spontaneous fission will produce less tian 1C(2rd)

: neutrens/sec. | ) ,

*MSRE + *neutron soufces + *fuels + *uraniumr-<33 +

*uraniun-232 + decay + beryllium + fluorine + lithium +

calculations

MDA69C002

Steffy RC ® Wood IJ ’

THEORETICAL DYNAMIC ANALYSIS CF THL MaYE WITH U-233 FUEL

Cak Ridge National Lakoratory, Tenn. :

ORNL-TM-2571 (July, 1969) 42 ¢, 17 fiqg, 11 ref.
A study undertaken to characterize the dynamics of the
U-233 fueled MSRE prior to operation revealed that
the system is inherently asymptotically stable at all

Accession Numter MDA68CCC3 tc MLA690002
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HDA690002 *¥*Continued*
power levels above zero. The motivation for these
studies was the expected difference Letween tke MSRE
dynamic respcnse with U-233 fuel and with U-235 fuel
because of the smaller delayed-neutrcn fracticn cf
U-233. An existing system model, previously verified
for U-235 fuel, was modified for use in this wucrk,
The reactor system respcnse to reactivity perturtations
is rapid and nonoscillatory at high powver, and it beccmes
sluggish and oscillatory at lcwer powers. These
characteristics were determined ty three methcds
(1) transient-respcnse analyses, including a check of
the validity of the linear model, (2) a frequency-resjicnse
and sensitivity study, (3) stability analyses, foth
by inspection of the system eigenvalues and apglicaticn
of the recently developed, modified EKikhailov critericn.
*MSRE + *dynamic characteristics ¢+ *stalility + *gcdels +
*uranius-233 + fuels + nuclear analysis + reactivity +
deiayed neutrons + computer codes + mrixing + calculaticns +
net hods '
CTHER CATEGCFIES: BCX

MDA69C00S

Burke CW + Clark FH

ANALYSIS CF TRANSIENTS IN THE MSRE SYSTEM WITH UFANIUF-233

- FUEIL

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-4397 (June 1969), 47 p, 19 fig, U4 ref.
The uranium-233 fueled FSRE system was simulated on
the CFNL analoq computer. The simulated syster was
used tc evaluate the existing MSRE ccntrcl and safety
systers when used ¢n the uranium-233 fueled systen.
The pertinent results and conclusions were as fcllows:
{1) The safety system will limit the *startup accident®
so that the peak power will ke 1CC kv. ({2) A quartity
of uranium-233 sufficient to cause a reactivity change
of approximately -1% delta K/K whken fprecipitated cut
of the fuel at scme pcint in the system external to
the core could be swept Lack intc the ccre in a ccncertrated
ferr wvithout causing excessive core damage. {3) The
existing controller will control the uranium-2z33 fueled
syster in a stable manner; however, an incredsed velocity
feedback gain will te reguired.

analysis + dynamic characteristics ¢ computers + feedktack +

MS2E + analog systems + stability + mathematics + models +

simulation + control + reactivity + satety + startup +

heat transtfer ¢+ ccntrcl reds ¢ vranium-233 + accidents +

control-rod drives + delayed neutrcons + dynamics tests +

excursicns + kinetic equations

MDAT700006
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MDAT700006 *Continued*

Ulrich ®C

AN EXTENDED HYDRAULIC MOLEL OF THE MSRE CIRCULATING FUEL

SYSIEM (TIHESIS)

Cak Ridge National Laboratory, Tenn,

ORNL-TM-3C07 (June 1970) S3 p, 6 fig, 14 ref.
The hydraulic portion of a comltined hydraulic-neutrcnic
matheratical mcdel for determining the effects of
helium gas entrained in the circulating fuel salt
of the MSRE on the neutron flux-to-pressure frequency
response was extended to include effects due tc the
fuel rump and heliur ccver-gas system. By comparing
the computed results with experimental data, it wuas
ccncluded that rressure perturbations introduced ty
the fuel pump were the main scurce of tle nmaturally
occurring neutron flux fluctuations in the fregquency
range of one to a few cycles per seccnd. 1t was also
noted that the arplitude of the neutron flux-to-pressure
frequency-response function was directly propcrticnal
tc the pressure in the fuel-pump bowl; however, further
work will be required tefore completely satisfactcry
results are obtained frcm the extended model.
Recommendations are proposed. whichk shculd prcve useful in
future mecdeling of similar hydraulic systeams.

¥MSRE + *models + *hydraulics. + *dynamic characteristics +

*neasurement + reactivity + ccmputer codes + hydrodynamics +

primary system + nuclear analysis ¢+ cover gas + calculaticns

OTHER CATEGORIES: MDC ‘

MDAT700007

Bell MJ

CALCUIATEL RADIOACTIVITY CF MSRE FUEL SALT

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-TM-2970 (May 1970) 21 p, 0 fig. 8 ref, 12z tables.
Calculations have been made of the inventory ana
radioactivity of the fission prcducts arcd trarsvranius
isctores present in the MSRE fuel salt. The calculations
included operation with Lkoth U-23% and U-233 fuels,
the effect of stripring -of noble gases, and flucrination
of the fuel salt after the pericd of U-235 cperation.
Results are presented which give the inventory and
radioactivity of individual isctopes in the salt up
to January 1, 1975.  After storage for 5 years, the
gamma-ray shielding required fcr shiprirg fuel is
deterzined by thalium-208 and neutrons frowm uranium-232
daughters produce the controll1ng radiaticn dcse throxgh
a lead shield.

*MSRE + *fission products ¢ *isotopes ¢+ stcrace ¢+ fuels +

*decay + uranium-235 ¢ uranium-233 + uranium-2z32 + disposal +

processing + shielding + *inventories + rare cases +

radiocactivity + calculaticns

MDA700032

Accessicn Number MDA700006 to MLA700032
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MDA700032 *Continued*
Rokinson JC
ANALYTICAI DETERMINATION OF THE NEUTRONR FLUX-TO-PRESSLURE
FREQUENCY: APPLICATION TC THE ECITES-SALT FEACTCFE '
EXPERIMENT
Oak Ridge National Laboratory, Tenn.
Nucl. Sci. and Eng. 42(3), 382-396 (December 197C), 15 f,
7 fiqgq, 2 tables, 18 ref.
The neutron flux-to-pressure frequency resgcnse for a
mol ten-salt-fueled reactor with a small amcunt cf gas
entrained in the mclten salt was determined analytically.
The one-dimensional conservation eguaticns describing the
flow cf the coxpressible molten-salt gas mixture.and the
one-group neutron diffusion egquations Wwere written in the
linearized perturbed fcrm, and laplace transfcrmation in
time was performed. The coupled set cf eguaticrs describing
the ccnservaticn cf mass for the molten salt, -ccnservetion
of mass for the gas, and conservation of ccmertur f£cr the
salt-gas rixture (the hydraulic eguations) was solved Ly
employing matrix exponential teckniques. The remainitg
eguations were sclved by more conventional schemes. The
matrix exponential technigue was selected to cktain a
solution for the hydraulic eguaticns cver the techniques -
ncreally erployed (nodal or mcdal) for stability studies in
boiling water systems tecause the validity of tte sclction
is independent cf the freguency of interest, and the total -
number of simultaneous equaticns required tc ke sclved for
applxcatxcn cf boundary conditions (closing the flow loop)
is small, HResults from the computed nectrcn flux-tc-
pressure frequency resgcnse for the molten-salt-fueled
reactor under study show that the shape of the nmcdulus of
the freguency resgcnse fcr frejuencies below 1 to 2
cycles/sec is independent of the void fracticr (vclume
fracticn cccupied by the yas), and the magnitude of tke
modulus of the fregquency resgonse is prcporticnal tc the
void fracticn. Therefcre, e conclude that the amount of
void in the system can te inferred ty ccmparirg the
analytical frequency response uith an experimental
freguency response., {This conclusion was verified and is
repcrted in the follcwing paper,)
MSRE + bubbles + dynamic characteristics + ncise analysis +
void fracticns

MDAT71C003

Kerlin TW + Pall SJ + Steffy RC :

THEORETICAL DYNAMICS ANALYSIS OF THE MCITEN-SRIT FERCTCE : ¢
EXFERIMEANT '

Ocak Ridge Naticnal Laboratcry, Tenn,

Nuclear Technology, Fek. 1971, 15 p, 24 fig, 12 ref. o
The dynarcic characteristics of the MSKE were calculated for \ﬁj
.operation with U-235 and U-23: fuels. 7Thbe aralysis

Accessicn Number MDA700032 to FLA710003
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MDAT710003 *Continued*
included calculaticn cf the transient response for
reactivity perturbations, frequency resgonse ftcr reactivity
perturbations, stability and sensitivity to parameter
variations, The calculations showed that the systern
dynamic behavicr is satisfactory for both fuel loadings.

MSRE + dynamic characteristics + feedback +

kinetic equations + simulaticn + stability

MDB700003
Gabbard CH
REACTCR PCWER MEASUREMENT ANL HEAT TRANSFER PERFORMANCE IN
THE MOLTIEN SALT REACTOR EXPERIMENT
Gak Ridge National Laboratory, Tennessee
ORNL-TM-3C02 (May 1970) 32 p, 6 fig, 16 ref.
The operating power of the MSRE as determired by a
heat balance on the fuel and coolant salt systenms,
vas 8.0 MW. Changes in the isotopic composition of
uranium and plutonium in the fuel salt indicated a
power lower by about 7 - 10%. Attempts to resolve this
discrepancy have been inconclusive. The ccolant salt
flow rate vwas found to be the only potential source
of significant error in the heat ftalance. A calibration
check of the instruments is planned. The heat-removal
capabilities of the fuel-salt tc coolant-salt heat
exchanger and coolant-salt tc air radiator were Lelow
the predictions of the original design calculaticns
In the case c¢cf the fprimary heat exchanger, the cverestimate
was due to the use of erroneous, estirated pkysical
property data. In the case of the radiator, the
overcstimate in the design was only partially exfplained by
the imprcger selection ¢f an air 'film' temperature. There
was no decrease in heat transfer capakility cf the twc heat
exchlangers ocver wmore than 3 years of operation,
¥MSRE + *heat balance + *heat transfer + *heat exchangers +
molten salts + *performance + *cperation + reactors +
*experience + *flow measurement + isotopes + analysis +
*therral pcwer + components + reviews + design + design date +
physical properties + thermal properties + instrurmertatiorn +
specific beat + heat balance’

MDB700033
Rotinson JC + Fry DN
EXPERIMENTAL NEUTRON FLUX-TO~-PRESSURE FREQUENCY RESFONSE FOEF
THE MOLTEN-SALT BEACTOR EXPERIMENT: LCETEFFMINATICK CF VCII
FRACTION IN FUEL SALT i ‘
Oak Ridge National Laboratory, Tenn.
Nucl. Sci. and Eng. 42(3), 397-405 (Dec. 197C), S g, 1C fig,
1 table, 14 ref.
Small pressure perturtations were intrcduced intc the
prirary fuel pump bowl of the MSHRE ofrerating at its ncminal
power of 8 MW(th). The experimental neutron flux-to-

Accession Number MDA7100C3 to MCB700033
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MDB700033 *Continyed* -
pressure frequency Iesfoncse was then obtained from a cross-
power and auto-power spectral density aralysis cf the
resulting signals frcm a neutron-sensitive ionization

- chamber and a pressure transducer. By comgaring the

frequency derendence of the experimental frequency response
determined for the reactor operating at power with the
frequency response determined from analysis of mathemeétical
models, the selection of the mcre approrriate bcupdary
ccnditicn set from a chcice of two possible boundary
condition sets was possilktle. Then the analytical freguency
resgcnse was fitted by the least-squares methcd to the
experimental frequency response tc oktain the vcid fraction
in the mclten salt fuel. A void fraction of 0.€1 plus or
minus 0,04% was determined frcm the frecuency resgonse; this
value corpares favcrably with a value of 0.6 plus or minus
0.1% determined by cther techniques, Conclusions are that
the analytical model leads to acceptable results for the
neutrcn flux-tc-iressuvre frequency respcnse and that
properly designed dynamic tests involving small reactivity
pecturbaticns (intrcduced by means other than rcd motion)
can be used to extract specific nuclear parareters for a
nuclear system operation at poswer.

MSRE + bubbles + dynamic characteristics + dyramics tects +

measurement + noise analysis + void fractions

CTHER CATEGCRIES: MCL

MDB71C002

Kerlin TW + BRall SJ + Steffy RC + Buckner MR

EXPERIENCES WITH DYNAMIC TESTING METHODS AT THE MCITEN-SALT

REACTCR EXPERIMENT

Oak Ridge National Laboratory, Tenn,

Nuclear Technology, Feb. 1971, 15 p, 19 fig, 13 ref.
A series of reactivity-to-pover frequency resronse
measurements was wade on the Molten-Sult Reactcr Exgeriment.
This was done for U-233 and U-235 fuels, for a range cf
operating power levels, at several pcints in the systenm
operating histcry, and for several different test
procedures. A comparison of experimental results with
pricr thecretical gredictions confirmed the validity cf the
theoretical predictions., The test frogtam ircluded
measurements using the fpseudorandom binary sequence,
pseudorandom ternary sequence, n~sequence, and the
multifrequency binary sequence.

MSRE + dynamic characteristics + dynamlcs tests + Ieedhack +

noise analysis ¢ stability + experience

CTHER CATEGCRIES: MCD

MDC6€E€C002
Kerlin T® + BRall SJ
EXPERIMENTAL DYNAMIC ANALYSIS OF THE HCITEL-SAIT FERCTCH

Accession Numkter MDB700033 to MLC6ECCC2
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EXPERIMENT

Oak Ridge Naticnal Labcratory, Tenn.

ORNL-TM-1647 (Cct. 13, 1966), 58 p, 29 fiqg, 2S ref.
Dynamics tests were performed on the uranium-23Z fueled
MSRE for the full ranygye of operating poser levels tc
determine the fpcwer-to-reactivity frequency resgonse.
Three types of input disturlances were used: the psetdc-
randcr binary reactivity input, the pulse reactivity
input, and the step reactivity input. The frequency
respcnse of the unccntrclled reactor system displayed
resonant behavior in which the frequency of cscillaticn
and the dawmring increased with increasing power level.
Measured periods of natural oscillaticn ranged frcm
thirty minutes at 75 K& to two minutes at 7.5 MW. These

oscillations were lightly damped at lcw power, Ltut stionyly

damped at higher pcwer., The measured results generally
vere in good agreement with predicticns., 1The mair
conclusicn is that the system has no operational stability
problems and that the dyndmlc characteristics are
essentially as predicted.
*MSRE + *dynamics tests + *dynamic characteristics +
*experiment + measurement + #*ctability + testing +
reactivity + thermal power + procedures + analysis + wethcds
OTHER CATEGORIES: BCX

MbC670001
Engel JR + Prince BE
THE REACTIVITY EALANCE IN THE MSRE
Oak Ridge Naticnal Laboratcry, Tennessee
CRNL~TM-1796 (Kar. 10, 1967) 54 p, 1€ fig, 1S ref.
Expecrience with a reactivity balance calculation is
described for approximately 1 year of MSRE fpcwer cperation
with uranium-235 fuel.  Computations vwere performed every
5 minutes by an on-line digital ccmputer. Results
"were used initially to evaluvate xenon poisoning in
-, the reactor and suksequently tc mcnitcr for arcralous
reactivity changes. Sensitivity for detecting short-
term changes in fuel compositicn is 1( times greater
than chemical analysis} No significant long-term
drift in reactivity is olserved at zerc pcwer with
nc xencn present. A more detailed and comprehensive
report of the theoretical base and the entire exgerierce
with uranium-235 fuel 1< precented in CENIL- -4674, accession
number MLC710006. - =
*MSRE + *reactivity + *exrerience + %xenon +
#nuclear analysis + operation + data prccessing + bubkles +
contrcl rcds + rare earths + models + fission products +
fuels + uranium-235
OTHER CATEGORIES: BBX

¥DC670002
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MDC670002 *Continued*
Engel JR + Pricpce BE
THE REACTIVITY BALANCE IN THE MSRE
Oak Ridge National Laboratory, Tenn.
Abstract of paper presented at the Thirteenth Annual Meeting
of the Agerican Nuclear Society, San Piego, Calif.,
June 11-15, 1967, REmerican Nuclear Society Tramnsacticns
10(1), g 337
Experience with a reactivity ftalance calculat;cr is
described for apprcximately 1 year of MSEE power operation
with uranium-235 fuel. This alstract {and pregrirct
of paper) is a syncgsis of OHENI-TFK-179€, same title,
accession number MLC670001.
*MSRE ¢ *reactivity + *experience + #%*xenon +
*nuclear analysis + operation + data processing + Lbukiles +
control rods + rare earths + models + fissicn fprcducts +
fuels + uranium-235

8DC680002 :

Prince BE + Ball SJ + Engel JF + Haubenreich EN + Kerlin TV

ZERO~FOWEF FHYSICS EXPERIHENTS ON TFE MOLTEN-SALT REACTIOR

EXPERINMENT

Cak Ridge National Laboratory, Tenn.

ORNL- 4233 (Feb. 1968), 60 p, 24 fig, 25 ref.
This report descrilkes thke techniques ané results cf
a prcgrae of experirents designed to measure the important
neutronic characteristics of the MSRE, under ccrditicrs
of negligible nuclear heat generation. The program
includes the initial critical U-2z35 loading, the conticl-
rcd calibraticn (period-differential worth aand rod
drop-integral worth measurements), determinaticrs of :
the reactivity loss due to fuel circulation, the 'static!
reactivity coefficients of excess U-2Z3% concertraticn and
isothermal core temperature, the fuel salt temperature
reactivity coefficient, the pressure effects cn reactivity,
and a series of system dynamics tests (fregquency respcnse,
transient flow, and neutron flux noise peasurements).
These measurements, carried out in June 19€S5, form much
0f the experimental baseline for evaluation cf the
nuclear operation at full pcwer with U-235 fuel. The
repcrt includes discussions of the comparisons of the
measurement results with the corresponding neuticnic
characteristics calculated from theoretical models.

*analysis + *criticality +¢ *dynamics tests + *exferimert +

*¥MSRE ¢ *reactivity ¢+ *uranium-2z35 + circulation +

control rods + delayed neutrons ¢+ experience + mcdels +

startup

CTHER CATEGCRIES: KABR + NMCD

MDC68CO0S:
Fry DX + Kryter EC + Robinson JC
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MDC680005 «Continued*

MEASUREMENT OF HELIUM VOID FRACTICN IN THE MSEFE FUEL SBLT

USING NEUTECN-NOISE ANALYSIS

QOak Ridge Naticnal Laboratory, Tean.

CRNL-TM-2315 (Aug. 1968), 32 p, 10 fiq, 17 ref.
Investigaticns were made at the FSRE during powver
operation with uranium-235 fuel tc determine if the
amount of helium gas in the fuel salt cculd ke measured
using peutrcn noise analysis. The neutron power
spectral density (NPSL) was measured at differert

. reactcer operating ccnditions and compared with analytical
model predictions of the NPSD tor the same ccrditiorns.
Results showed that the principal source of small
neutron density fluctuation clkserved in the MSRE
is heliur bubbles circulating in the fuel salt. The
measurements showed that NPSD in the frequency range
fror C.5 to 2 cps varied as the sguare of helium
void fraction as predicted ty the model, and that
the rinipmum void fracticn was more nearly zero than
the previously accepted value cf C.1%., It is ccrncluded
that changes in the circulating void fraction can be
inferred with good sensitivity directly frcs reuvtron
noise measurements, and, consequently, MNESL can complement
and enhance the value of the MSRE reactivity talance
calculaticns.

*anal ysis + *experience ¢+ *models + *MSRE + ¥pcise analysis +

*reactivity + *void fracticns ¢+ dynamic characteristics +

experiment + uranium-235 '

OTHER CATEGORIES: MNCD

MDC6390003
Robinson JC + Fry DN
DETERMINATION OF THE VOID FRACTICN IN THE FKSEE USINC SEALL
INDUCED EFESSURE PERTUREAT IONS
Oak Ridge National Labcocratory, 7Tenn,
ORNL-TM-2318 (Feb. 1969), 58 p, 11 fig, 22 ref.
With the MSRE cperating at 5 Fu, sawtooth precsure
‘perturbations were introduced intc the fuel-purp bowl
tc deterrine the arcunt of heliur gas ertrained in
the circulating fuel. The pressure and neutron flux
'signals wvere simultaneously arplified and reccrded
on magnetic tape. 1Then the signals wWere analyzed
using auto-power spectral density, crcss-pcwer spectral
density, cross-correlation, and direct Fourier transfcrm
techniques to oktain the neutrcn-flux-tc-pressuie
frequency-respcnse function. An analytical model,
developed previously to aid in the intergretaticr
~of the fluctuaticns of the neutron flux in an unperturted
system, was used to infer from the experimental data
the awmcunt of helium void (interpreted as a void fraction)

159

entrained in the fuel salt. A descripticn cf tbe analytical
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EDC690003 *Continued*
model and its experimental verification are included
in this report. The void fraction was deterzined tc
be tetveen 0.023 and 0.045%. The uncertainty of this
inference is attrituted to assumpticns tade ir the
model. (Abstractor's ncte: This work was sultsequently
reported in Nucl. Sci. & Tech., see MDBI00CCS.)

*analysis + *dynamics tests + *experiment ¢+ *podels ¢+

*MSRE + *reactivity + #*void fractions +

dynamic characteristics + experience + uranium-235 +

pressure + theory

OTHER CATEGORIES: MCD

MDC6900 15

Fry DN ¢ Kryter RC + Rcobinson JC

ANALYSIS CF NEUTEKCN NOISE IN A MOLTEN SALT RERACTOR

OPERATING AT POWMER
cak Ridge National Laboratory, Tenn.
Summary of paper presented at ANS Annual Meeting, Seattle,
Wwash., Jdune 15-19, 1969, ANS Transactioms 12(1), 299, 2 p,

1 fig, 5 ref. _
Neutron flux noise in the MSRE was studied tky Fourier
analysis of an ionization chamter signal over the frecuency
range from 0.1 tc 15 cyclessec. Peasurements at varicus
operating conditions and cross correlaticns with cthet
reactor signals shcwed marked changes with changes in the
circulating void fraction and a high decree ct ccrrelaticn
between neutrcn flux noise and pressure noise, It apgears
that cross correlation of neutrcn and pressure ncise crffers
a ncn-perturbing method of determining the circulating void
fraction with the reactor operating at power. (This wcrk
is described in detail in CRNI-TK-2315. See KLCE€E000E%.)

*MSRE + *noise analysis + *void fractions + measuremert +

neutron flux + heliur + ccver gas

CTHER CATEGCFTES: MCLC

MDC6ICO 16
Rohinson JC + Fry LN
THE FREQUENCY RESPONSE OF IHE NEUTRGN F1lUX TC FRESSUFE IN A
CIRCULATING FUFL REACTOR - ANALYTICAL AND EXPERIMENTAL
Oak Ridge Naticpal Labcratory, Tenn.
Summary of paper presented at ANS Annual Meeting, Seattle,
Wash., June 15-19, 1969, ANS Transactions 12 (1) 2¢2, 2 p,
3 ref.
An analytical model was develcped to cogpute the neutron-
flux-to-fressure frequency response in a reactor fuelled
with circulating molten salt. Since entrained ccver gas
makes the circulatipng fluid compressible, pressure
perturbations induce reactivity, and hkerce neutrcn flex,
perturbations. Analysis indicated that the neutron-flux-to-
pressure frequency response is prcporticnal tc the

Accessicn Number MDC690003 to KIC6900 16
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MDC6900 16 *Continued*
circulating void fracticn in the frequency range from 0.01
to 0.1 cycle/sec. Sawtooth pressure fperturbaticns wete
impcsed cn the MSRE at full power and the fregquency
response was measured, Experimental data were best fitted
with a circulating void fraction of 0.04%. (2 detailed
discussion of the model and experimental results is
presented in ORNL-TE-2318. See MLC-690003.)

*MSRE + *dynamic characteristics + *Lkullles ¢ *mcdels +

*nuclear analysis + experiment + measurement +

*void fractions + cover gas + heliumr + calculaticns

OTHER CATEGORIES: MCD

MDC700004
Steffy RC
FREQUENCY RESPCNSE TESTING OF THE MOLTEN SALT REACIOR
EXPERIMENT (THESIS)
Cak Ridge National Laboratory, Tenn. :
ORNL-TM-2823 (Mar. 1970) 118 p, 27 fig, 31 ref.
Tests to determine the neutron flux—tc-reactivity frecuency
resgonse were frerfcrmed on the MSEKEE with the reactor
at various power levels Lbetween zero and full pcwer arnd
with the reactcr fueled vwith a U-235 fuel nmixture and
a M-233 fuel mixture. Test patterns erjyloyed were pseudo-
randce binary sequences (PRBS) and pseudorandom ternary
sequences (PRTS) of various sequence lengths ard mirnisum-
pualse-duration times., In some tests reactivity (control-
rod position) was forced to fcllow the test pattern,
ard in other tests the neutron flux was forced tc fcllow
the test pattern. The experimental results were analyzed
by several different methods and the results were ccmjared.
The frequency respcnse ¢f the uncontrolled reactor systenm
was found to be in good agreement with thecretical
predicticns for both the U-235 and U-233 fuel loadings.
There were no indications oOf respcnse claracteristics that
'migkt cause ccntrol or safety problems. Advantages and
"disadvantages of various testing and analytical gethods are
discussed.
*MSRE + *dynamic characteristics + *peasuremert + *experimert +
*testing + reactivity + ccmputer codes ¢+ data processing +
nuclear analysis + *analysis + contrcl rods +
contrcl-rcd drives + computet= + data acquisition aystems +
methods =
OTHER CATEGORIES: MCD

¥DC700005

Steffy RC

EXPERIMENTAL DYNAMIC ANALYSIS OF THE MSRE WITH U-233 FUEL

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-TM-2997 (April 1970), 28 p, 10 fig, 11 ref. ‘
During the startup with U-232 fuel, tests shcxed that the
syster time resgchnse to stop changes in reactivity, the

Accession Numker MDC690016 tc MDBC700005
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MDC700005 *¥*Continued*
flux-to-reactivity freguency response, and the outlet
temperature~to-pover frequency response agreed favorably
with theoretical predictions. Time-resgonse tests 1, 5, and
8 Mw veritied the prediction that, althcugk after a
perturbation the reactor returned to its original powver
level more rapidly when the initial pcwer was high than wvhen
it was low, the system was load-following at all significant
power levels, Flux-to-reactivity frequency resgcmse ias
effectively measured using periodic pseudorandom tinary and
ternary sequences.  As predicted, for tke MSRE, the degree
of stability increased with increasing pover level.

*anal ysis + *dynamic characteristics + *dynamics tests +

*experiment + *MSRE + *reactivity ¢+ *stablllty + experience ¢

models + uranium-233 + methods

OTHER CATEGORIES: MCD

‘MEA640005

Blumberg R

REMOTE MAINTENANCE OF THE MSRE (PRRT OF MSRP SENIANK FROG

REPT 7/31/€4)

Cak Ridge Eational Laboratory, Tenn.

ORNL-3708 (Nov. 1964), pp. 190-200, € fiqg, € ref.
Maintainability was a rrimary consideration in the
design and planning of the MSRE. Cogpocents that
will beccme radicactive were designed and located
so that they can be disconnected Lty the use cf lcng-
handled tcols inserted through a work shield set up
on top of the containment cell. Large iters will be
discconnected this way, then will be removed by a crane
operated from a shielded contrcl rooe. The wcrk shield,
tools, remcte viewirg ecguipment, and procedures have
been developed and tested.

*maintenance + *¥*MSRE + *plans + design + development +

equipment + procedures + shielding + tcols

OTHER CATEGORIES: WMEB + KBaA '

MEB660028

Biumberg R -

MAINTENANCE CF RALIOACTIVEF SYSTEMS AND COHPONENTS A7 THE MSERE

Oak Ridge Naticnpal Labcratory, Tenn.

ANS Trans 9(2) (1966), p. 530.
Maintenance operations are performed at MSEE with lon¢ tools
manipulated through access holes provided in a ;crtab]e
shield. Experience has keen good. (A later, mcre de tailed
reference on this subject is MEC700053,)

experience + MSRE + procedures + remote maintenance + tcols

OTHER CATEGORIES: KBa

MEB68000 1
Blumkerg R + Hise EC .
MSRE CESIGN ANL CPERATIONS REPORT, PART X -— MAINTENANCE

Accessicn Number MDC700005 to MKER680001
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MEB680001 *Continued*

EQUIPMENT AND PROCEDURES

Cak Ridge National Laboratory, Tenn, ' :

ORNL-TM~910 (June 1968), 80 p, 26 tig, 3 ref.
A record of the methods develofped for waintairing
the radicactive pcrticns of the MSRE is presented.
The maintenance system utilizes long-handled tccls
operated through a movable shield for most of the
in-cell manipulations., For scme radicactive trapsier
and setup tasks that canncot be handled ctherwise, a crane
that is operated remotely fror a shielded ccntrcl rcorn
"is used. Overall descriptions are given of the components
and the methods of wmaintenance, Some detailed frccedtures
written from the standrcint of the people who perfora
the work, are also presented. Reference material that
will be useful when detailed information is required
is included.

‘*maintenance + ¥MSRE + *plans + design + development ¢

equipment + procedures + shielding ¢+ tocls

MEC70C053

Haubenreich EN + Rlumberg R + Richardson M

MAINTENANCE OF THE MOLTEN-SALT REACTCE EXPhEItENT

Cak Ridge National Laboratory, Tenn,

Paper, ANS 197C Winter Meeting, Washington, Nov. 1970,

29 p, 8 fig, 8 ref.

The MSRE was designed fcr malntenance of radicactive
systems by simple tools inserted througtk a pcrtable
shield., This system proved practical for radioactive
maintenance and inspection joks arising in S years cf MSRE
operation, Delays in the program due tc maintenance were
not excessive and activity releases and fperscrnel
exposures were ginirmal. This paper, given at a special
session on Maintenance of Radicactive Systems describes
the MSRE design for maintenance, lists jobs done, and
discusses the experience, Copies are available from ESRP
Directort*s Office, CRNL; a summary is in ANS Trans,
Vol. 13, No. 2, p. 789.

*design + *experience + *FSRE + *remote maintenance +

*tools + contamination + examinations + eguirment +

healtt physics + maintenance + perfotmance + reliability +

shielding

OTHLR CATEGORTIES: KBA + FEA

HFX?OOOZO
Haulkenreich PN + Rlchardscn M
PLANS FCR FCST—~CEERATION EXAHINATION OF THE MOLTEN-SALT REACTIOR
EXPERIMENT
Cak Ridge WNational Laboratory, Tenn,
ORNL~TM-2974 (April 1970), 30 p, 0 fiq, 3 ref.
In December 1969, after more than 4 successful years, the

Accessicn Number MEB68COC1T to MFX7CCCzZC
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MFX70C020 *Continuedx

nuclear operation of the MSRE was concluded ard the plant
vas placed in standby. Work planned for early in FY- 1971
includes removal of some core graphite; viewirg inside the
reactor vessel and inside the fuel-pump bowl, inspection of
portions of the salt piping, the cffgas charccal bed, the
coolant salt pump, and the control rods; and testing the
coolant salt flowmeter. Each study is justified by its
benefit to the Molten-Salt Reactor Proqgram. [FErocedures and
tools are available for some jcks; fcr cthers, they are
currently being develoged.

decommissioning + examinations + MSRE + plans + rescte maintenance

BAccession Numker MFX700020 tc EEFX700020
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NXX590002

(Staff Rercrt)

REPORT CF THE FLUID-FUEL REACTORS TASK FORCE

United States Atormic Energy Ccmmission LCRDT

TID-8507 (Feb. 1959), 188 p, 7 fig.
A critical evaluaticn was made of the 3 fluid- fuel concepts
under development Lty the USAEC: aguecus hcmcgerecus,
molten-salt, and ligquid-metal-fuel. The task force
concluded that all 3 could breed in the thorium-0-233
cycle, with the AHR having the greatest potential gair.
Maintenance was idepntified as the most important factor
influencing the practicability cf ary of the thiee. The
molten-salt reactor was judged to have the highest
probability of achieving technical feasibility.

¥AEC + *development + *plans + *reactors +

breeding performance + fuels + LMR + maintenance + MSER +

optimizaticns + reviewus

CTHER CATEGCEIES: AEX

NXX63C001
Voznick HEF + Uhl VW
MOLTEN SALT FOR HEAT IRANCFER ‘ )
Atlantic Fesearch Corp + [rexel Institute of Technclcgy
Chem. Engrq., Vcl. 70, 129 (May 27, 1963) 8 p, 4 fig, 37 ref.
Heat-transfer salt (HIS) composed of 40% scdiur ritrite,
7% scdiur nitrate and 53% potassium nitrate has been used
- widely since 1937 fcr heating and cooling in the petroleum
and chemical industries. HTS is inexpensive, has gcod heat
transfer prcperties, has a very low vapcr pressure ané is
non-toxic. The freezing point of dry H1S is 29C deg F, and
~is defressed by water in the salt. HTS is not highly
reactive with air, kut a tlanket cf steam cr inert gas is
reccrrended, Carbcn steel is satisfactcry tc €5C deg F,
with stainless steel recommended for applications to
1100 deqg F. HTS is commercially availatle frce several
sources and at least tvc firms manufacture complete heat
. transfer systems using this salt, Pumps up tc 17,0C0 ggnm,
valves, and steam generatcrs up to 20 M% are in service. -
*coolants + *molten salts ¢+ *heat exchangers +
*heat transfer + *heat treatments + *nitrates +
*physical prcperties + *safety + #*secondary salts +
*steanm generators + #*thermal conductlvxty +
accidents + apfplicaticns +
bearings + behavior + compatitility + ccmponents +
containers ¢+ ccrrosicn + cover gas + density +
experience + failures + flanges + fluids +
freezing + inert gases + liquidus + materials +
melting + NaK + piping + fumps 4 reviews +
specific heat + stability + thermal insulation +
tubing + valves + vapor pressure + visccsity

NXX69C0u6

Accession Numker NXXE900Cz to NXXGQCC06
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NXX69C0U6 *Continued*

(Staff Eeport)

THE USE OF THORIUM IN NUCLEAR FCWEF EEACTORS

United States Atomic Energy Commission DRDT

WASH-1097 (June 1969), 144 p, 28 fig, €t ref, o
This repcrt identifies the factors involved in thoriur
utilization and descrites the status as of mid- 1968, It
vas prepared under the direction of DFD1 by a task force
from industry, national lalboratories anc¢ the 2E(, and
cont2ins a fcreword by L[RDT Difector M. Shaw. 1he regcrt
treats first the general features of the thorium cycle
(resources, nuclear characteristics of thorius ard U-233
in thermal- and fast-neutron spectra). Then it discusses
thorium utilization in specific reactcer tygpes: high-
temperature gas-cocled, mclten-salt, licht-vater, and
heavy-water thermal reactors and a fast reactor, The MSBER
considered is a single-fluid treeder with reductive
extracticn prccessing fcr Pa and rare earths. No
conclusion as to the relative merits cf varicus reactcr
types is explicitly fpresented.

reviews + thorium + uranium-233 + ltreeding perforratce +

natural resources + develcrment + MSER

in

CTHER CATEGCRTIES: AEX - : .
NXX69C0E7 :
(Staff Eeport) ’ R

COST-BENEFIT ANALYSTS OF THE U.S. BEEELCER FEACTCEF EECCEFAM

"United States Atomic Energy Commission DRD1

WASH- 1126 (Apr. 1969), 98 g, 8 figqg.
This report weighs the quantifialle tenefits c¢f breeder

- reactcrs aqainst the ccsts incurred by the government in

their development. A model of the U.S. electrical foser
econcmy was used tc compare cases without a breeder and
with the LMFER plus converters., Large tenefit/ccst ratios
for L¥FBR develcpmert were found in all cases.,
Development of a parallel Lbreeder was also considered and
appeared desirable under most sets of assumptions. Tte
light-vater breeder, the molten-salt kreeder and the
gas—cooled fast breeder are mentioned as candidates fcr
development.

*economics + f*electrical power + *optimizations +

*reactors + REC + LMFER + MSER + power costs

NXX70C011

Bond VP :

EVALUATICN CF FOTENTIRAL HRZARIS FRCM TRITIUM SXATER i -

Brookkaven National labcratory, N.Y. '

Paper TAEA SM 146/13, IAERA Symposium on Envircnmental Aspects of

Naclear pcwer Staticns, New York, Aug. 10-14, 1970, 21 p, 44 ref. _

This paper analyses possitle liolcgical effects cf tritium, (]
reviewving from thecretical and experimental standpoints all \ﬁj

[t

Accession Number NXX690046 to NXX700011
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NXX700011 *Continued*
factors involved. Factors conceivably increasing toxicity
are considered in detail. These include selective
concentration (actually discrimination) in the human tody,
and possible effects due to incorporaticn intc¢ nclecules
such as DNA. Ccnclusicns are: these factors dc not
significantly increase the dose expected frcop tritium in the
envircnment cr effects c¢f that dose; a dose of radiation
from tritium has the same radiotiological mearirg as the
same dcse of x-rays; the ICRE-AEC max permissikle body
burden of 1000 microcuries is quite ccnservative; the MPC
fcr water is ccnservative by a large factor. Anticipeated
population exposure from reactcr-groduced HTIO is very small
ccmpared to that frcm existing HTC and other sources cf
radiation,

*health physics + *tritiuc + beta decay + concentration +

environment + reactors + reviews + safety + wastes

NXX70C057

Deonigi DE

A STMULATION OF THE UNITEL STATES ECWEFR ECCNCHY

FPacific Northwest Latoratory, Washingtcn

Proc. American Power Conf., Vecl. 32 (1970), pp. 105-115,

10 fig, 3 ref.

A ccrprehensive sipulation of a typical U.S. utility system
was made and the optimal qrowth pattern, usirc fcssil-fuel
plants and varicus reactor types, was calculated using
projected availability dates, fuel utilizaticr jerfcrrance,
and ccsts estigated in 1967. 1In the case where all reactor
types were allowed, ky the year zC10 cver half cf the
capacity was in mclten-calt converter reactors using e€xcess
plutonium from fast treeders,

*electrical fpower + *econcmics + *natural resources +

*reactors + *optimizations + *systems + converters +

power costs + sirulaticn

CTHER CATEGCRIES: EBFX

NXX70C0%58

(Staff FEeport)

POTENTIAL NUCLEAR POKER GRCKIH FATIERNS

United States Atomic Fnergy Commissicn DRDT

WASH- 1098 (Dec. 1970) 249 g, 33 fig. ' ,
This report descrikes the developrent ard applicaticn of a
mcdel of the U.S. electrical power econcmy by the Systems
Analysis Task Force, whose activities centered at the
Pacific Northwest lLaboratories., 1Input data, includinc
costs appropriate for 1967, were provided by cther task
-forces established by DEDT to evaluate various reactor
concepts., Most consideration was given tc ccombinaticrs of
a few reactcr types considered most likely to be developed
in the U. S. 1In the one case in which thke ccrpetitior
included all reactcr types, over half of the reactors built

Accession Numbter NXX7C0011 to NXX7C(0(CS8
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NXX70C058 *Ccntinued*
after the year 2000 were plutcnium-fueled coclter-salt
ccnverters (Fig. 6.9).
*economics + *electrical power + *optimizaticns +
- *reactors + AEC + carital costs + converters + fuel cycle +°
fuel cycle costs ¢+ LMFER + MSER + natural rescurces +
pover costs .

NXX700060

(Staff Rerpcrt)

FEPORT CF THE EFI REACTOR ASSESSMENT PANEL

Edisopn Electric Institute, N.\Y.

EEI Publication 70-30 (April 1970), 53 p, 4 fig, 7 ref.
A panel cf 6 utility executives {plus a working group)
reviewed power reactor developrents and sucgested the
direction, pricrities, financial requirements, and timing
of utility involvement. Major emphasis cn the LMFBR is
indicated. With regard tc molten-salt reactors, the fanel
concludes that they promise low costs ir the future, Lbut
the current lack of a supplier and the small scale of AFC
development deter utility involverment.

*development + *electrical pcwer + *reactors ¢ *utilities +

costs + energy + industry + BETGR + LMFBR + LWBR + MSBR +

natural rescurces + frower ccsts + processing + reviewvs

Accession Number NXX7CCOSE€ to NXX7CCCEC
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KEYWORD INDEX

The reviewers wﬁo prepared the abstracts for MSRIS had a list of about
600 keywords from which to select a set for each abstract. In the pages
which follow are listed the keywords that were actually used, each followed
by the identification numbers of the abstracts to which that keyword was
assigned.

The user of this index should be aware of a péculiarity of the listing:
all keywords beginning with a capital letter (Hastelloy N, for example) are
listed after all the other keywords. This is a consequence of the prepa-
ration and print;out of the index by the computer.
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The Follcwing Index States The Key Term And Gives Referetces

Tc Each Article Which Was Keyed To It

absorbers
MAXESC019
absorption
ACB690029
ACCE€EC006
BAX700008
accidents
AAX670010
CAX€9CC53
IBA710005
LIX670013
MDAELCCOT
actinides
ACDEECC17
ACD670020
ACD670027
" ACD€8C015
ACD680016
ACDE€9CO024
administration
MCB710012
adsorption
HIX660026
afterheat
BGX670045
CAX€9CC53
cC1X700010
IACT0CC47
ading
FCC71001¢C

alloy composition

ACE660018
ACEE7CO02E
ACE680017
ACE€8C024
ACE690026
ACET7CC025
ACE700039
FAX€E9CC3S
‘FBC610001
FBCE€SC017
FBE69004 Y
alloYs
ACE650008
 ACEE€ECO014
ACE€ECC12
ACE660018
ACEE€7C028
aluminum
ACE€€CO01E

-analog systens

JAB690018
JAB70C017
JAB710008

LGX650002
LKX620003

MCAGE0004
MDA 670038
MDA 690005
NXX630001

ACD700038
CAX680032
CAX6900%2
CAX710023
CXX70004¢
LDAT700046

MAD690004

IAC7 10013
IBA710005
MCA670038

FBE710017
FBE710018
FCC700040
FCC700044

FCC710010

FCE690043
FCE7 10004
FCX690033

FCX700026

FXX650047

GXX680039 -

ACf680017'

ACE680024
FAX620004

- FAX62000¢

FAX690035

 ACE670021

JCX690019
‘MCC660005

MLA690005

analysis
AAX670010
ACA660008
ACRE€CO14
ACA670016
ACA67C023
ACA680012
ACAEECC1S
ACA6SC021
ACA690028
ACA7(0021
ACA700035
ACB7 10029
ACC660017
ACD670019
ACD67G02C
ACD670026
ACD€77C027
ACL700038
BGX67C045
CDX670035
CLX700010
ECX7 10011
FCL710016
HCXT71C022

analytical chemistry

ACD6ECO11
ACD660011
ACDEE€C017
ACLD670019
ACD670026
ACLC€9C027
applications
CAX€ECCOE3

architect-engineering

ADXESCO0E€3
argon
MCD6SC017
barium
ACD7(C024
bearings
ACA670023
ACA680012
ACBETCO24
ACB6E0013
tebavicr
ACD6€CO17
_ACL670026
ACDEEQOZ3
CAX690053
CDX670035
beryllium
ACC660016
ACD6ECO15S

12B€70043
IBD €800 36
JAB 690018
JABT00017
JCX690019
MCD€90062
MDA £20001
MLA640007
MLA€50001
MDA €60003
MTCA€60004
MDR€70038
MLA670040
MDA €70041
MDA €80003

"MCA€90005

¥DB 700003
MLCE60002
MDC 680002
MILCE80005
MDC €90003
MDC 700004
MLC700005

ACD680022
ACD€90024
ACD690031
ACD700024
ACD700038

NXX€30001

ACE€80024
ACE€90026
ACE700025°
NXX€30001

CXX700049
JAB€90018
JAB700017
NXX €30001

ACD€80022
ACDE€Y90031
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beryllium

¥*Continued#
ACD70003€
LXX660031

teryllium fluoride

ACD660017
ACDET7CO1S
ACD670020
ACDETC02¢€
ACD670027
ACDEBCO1S
ACD680022
ACDE€SCO24
ACD690031
ACD7CCO3E
CAX680032
keryllium oxide
ACD690024
keta decay
NXX70C011
tismuth
ACCEEQCT1E
ACC670025
ACC€90023
ACC690030
ACC70C023
ACC700037
ACDE€7C01¢
ACD670026
ACD€BCO1E
ACD680022
ACD€9002¢4
ACD690031
ACD700024
ACD700038
ACEE€9(C02¢
ACE690032
klanket
AAX670004
ACBE€7C017
ACDE7C02¢€
ACD690024
BFX€8C009
blovers
ACAEECC1Y4
boiling
IAFE€7C0L47

boron trifluoride

ACDEEOC17
ACD670026
ACD680015
ACD€ECO023
ACD690024
krazing
AAX670006
ACEESCCOE

Keysord Index

MDA 690001

CAX690052
CCX680033
CXx700049
LAX710019
LCR680008
LCA690037
LCB680007
LCB710007
LCC7 10024
LDA690012
LDA700046

CXX700049

ACE7C0025
ACE70003S
CXX700049
GLX71002S
LDA690012
LDA690012
LDA690038
LCA7000 14
LDA7C0015
LTCA7C0046
LKX7C0030
LKX7 10001
LXX700029
LXX7 10021
LXX710026

I2C6€0025
IBB670039
LJX660006
LJX670032

ACA670016
IAF670048
ACD690031
ACL700038

CRXx69005:
CXX700049

ACE680024
ACE690026

ACE660012
ACEE€001E
ACE670021
ACE67CO2E
ACE6 80017

treeding perforrance

AAX670009
ABX6400CH
ABX670049
ABX€ECO35
ABX690007

ABX6SC0S6

ABX700054
ABX71C02C
ACE660009
ACB6€0015
ACE670024
ACBEECO13
ADX640021
ALX690063
BAXEECOCE
bubbles
ACB6EQO2C
ACE690022
ACB7(€0036
ACL680015
ACD6ECO22
ACD690024
ACDEC0031
CCX680033
kurnup
ACD680022
calculaticos
AAX670009
BBX67C012
MCA6 20001
MDA62C0C2
KCA630002
MDAELOOCT
MCAELCOC2
capital costs
ABX7C00%y
BFX700056
IAAG6€CQ3C

capital eguipment

IAC6€0025
IAC700047
capsules
ACL650007
ACD660017
ACD67CC1S
ACL670026
ACD6ECO1S
ACL680022
capture
ACB690029

ACE€90032
ACE700025
ACE700039
FBX640015

BEX€70012
BFX680009
BEX 700016
BFX700056
ECX€80031
EDX€90051
TAAE50024

- IAA660030
- IRCE€60025

TACT700047
I2C710013
IAF €70047
IRFE70048
NXX 90002
NXX€690046

IACT710013
IECEBO036
MCD€90017
MLA700032
MDB700033
MLCE€70001
MDC€7C002
MLC€30016

BEX€70012

MCA€50001
MDA €90001
MLA€90002
MDA 700006
MLA700007
MDC €300 16

IaC710014
LKX €20003
NXX700058

IAC700051
IAC710013

ACD€80023
ACD€90024
ACD700038
CEX640018
GDX€90042

EAX 700008
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carbides
ACDEEQC1?
ACD680022
ACE€7C028
ACE680017
ACE€EC024
carbon
ACDEJS0024
EXX70004E
carbonates
CAX€90053
carriers
CAX€80032
casting
FBXEUCO015
cells
ACBE9C022
ACB690029
ACDEECC17
ACD670019
ACD€7C02¢

ACD680015.

ceramics :
FBX64001
cermets
ACF€80024
cesiur
ACD700024
charcoal
HIXEE€CO2¢€

chemical properties

ACD670019
ACDEBOCTS
ACD680022
ACDESCO24
ACD630031

chemical reacticns

ACD670019
ACDET(CC26
" ACDEBO0O01S
ACD680022
ACD€8C023
ACD690024
ACDE€90C031
chemistry
AAX€7C00%
ABX580001
ACD650011
ACDEECC11
ACD670019
ACDE7C(2¢
ACD680015
ACDEEBCO1E
- ACD680022
ACDE€B8(0023
ACD690024
chlorides

Keyword Index

FBE710017
FCCT700040
FCC700044
FCC7 100 10

FBA660020

ACD680016
ACD680022Z
ACD690024
ACT690031
ACD700038

GGX670034

LCC710024

ACD700024

ACD7C0038
Cax680032
CAX650053

CXX700049

ACD700024
ACD700038
CAX690053

CXX700049

LGX650002
LXX6€60031
LXX7C€0029

ACD690031
RCD7C0024

ACD700038 -
CAX680032

CBX690052
CCX680033
CXX 640020
CXX7€0049
LXX660031
MCA 680004

ACC7€0037
CAX6930053
chrcriur
ACD670026
ACDEECD22
circulation
ACDGE€0017
ACD670020
ACD670027
coatings
‘ACB680013
ACE677C02¢8
ACE6800 17
coralt .
ACE680024
ccke
EXX700048
colupns
ACC690030
ACC7(C0023
ACC700037
cempatikility
AAX670005
AARX€7C0CH
ACL650007
ACD660017
ACD67CC1S
ACL670020
ACD€77002¢
ACL670027
ACD6800 15
ACD6ECO1E
RCL680022
ACDEECO23
ACL690024
ACD7C0024
_ACL700033
ACE6C00CE
ACEG650014
" 'ACE660012
ACE€€CO1E
ACE670021
ACE67002€
ACE680017
RCEEEC024
ACE690026
components
AAX6700C?

ARX670008 .

ABX6SCOS6
ACA6600 14
" ACA€7C023
ACA680012
ACB7C0022
ACE700036
CXX7€CO4S
HEX620006
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IAFE70047
TAFE700u4B

CXx 700049

CCX6€80033
MLAE60003
MDC €80002

ACEEBOO24
ACE690032
ACE700025

ACEE60018
ACE630024
LEX€80027

ACE€90032
ACE700025
ACE700039
BGX €70045
CAX680032
CAX 690052
CAX690053
CEX 640018
CXX700049
FAX€20004
FAX€20005
FAX690035
FAX €90045
FBD 690036
FEE€70031
FBE €900 34
FEE700027
FEX 640015
FCX690033
FCX 700026
GDX690042
GFX€60023
NXX630001

HBX700012

HIX €60026
HXX€E40019
IEB€70039
JDX€90060
MEX €40003
MCA€60001
MCD€80010
MCD 700001
MLB700003
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components
_¥Continued®*
NXX€3C001

Keyword Index

compressive Properties

EBXESCO03¢S
EBX700042
computer ccdes
- AAX670009
ACCE€SCC23
BBX67C012
FCD710016
HCX71C022
I1BB670039
JART1C0CY
computers
JAB€9C01E
JAB700017
JAB710008
JCX€9C01¢
concentration
ACD6€C017
ACD670019
ACD680015
ACDE€S80022
ACD690024
ACD€9CO031
ACD700024
conceptual design
ABX670049
ACBEECQOC
ACB66001S
ACB670017
ACBE€7C024
ACB680013
ACB€8002C
ACB690022
ACB€SCQ029
ACB700022
ACB70C03¢€
ACB7 10029
‘ADXE€4C021
ADX670046
GDX71C025
construction
ACAESCO004
ACCH650006
ACC650012
contactors
ACE700039
containers
NXX63000 1
containment
AAX670010
ACAE€6CCC8
ACBEBCO2C
ACB690029
ACB70003¢€

EDX640016

LKX700030
EDA67004C
MDA 670041
MDA69000 2
MDAT700006
MEC700004

JEX650020
MAC68003%
MDA69000C
MDC7C0004

ACD7(C0038
CAX680032
CAX 690052
CDX670035
cXx700049
NXX700011

HCX7 10022
TAR650024
TAR660030
IAC660024
TAC660025
IAC700047

~ IACT7C0051

IAC7100 13
IAC710014
IAD700052
IAE700059
IAF670047
IAF670048
IAF6900 14
LJX660032

LHEX690011
MEX640003
MEX7C000z

LKX7C0030

IACT700047
IAC71001:
MCA660001
MCB7 10012
MDR640007

CARX6SC053
IAC6€0024

ccntamination

JDX€TC037

control

AAX6700CE
ACE680020
ACB6€0022
ACBE6S0029
ACE700022
ACB7CC03¢
IAC710013
IBB710015

control rods

ccntrol-rod drives

AAXE7C0C7
ACA650010
ACA660008
ACA€SC021
ACA690028
ACBEE002C
FEX640015
GGX670034
IACT7CC047
IAC710013

AAX670007
MAC6ECO34

converters

ACB7(C022
ACE710029
ADX690063
GXX€6€C039
IAR650024

ceclant locps

FCL7 10016

ccoclants

ACE7 10029
ACD67C02¢€
ACL680015
ACDEECO22
ACL680023
ACD6SCO24
ACL690031
ACD7(0024
ACD7000 38
ACE690026
ACE€€C032
ACE700025

cocoling

COres

IACH660025

AAX670007
ACA71C002¢8
ACEEECO13
ACE680020
ACB6S0022
ACD660017

MDA €70038
MLR€80003

MEC 700053

~JAA 710009

JAB€90018
JAB 700017
JAB710008
MACES80034
MDA €40007
MLAE90005

MACE€80034
MCD690017

MDA €40006

MDA €60003
MLA€F0005
MDC 670001
MLCE€70002
MDC €80002
MDC 700004

MLA€90005
MDCIC0004

IAC€60025
I2D700052
LKX €20003
NXX700057
NXX 700058

JEX €90060

CAX €30053
CXX€u0020
CXX 700049
FBD690036
GEX €60023
IACE€60025
I2C700047
IAC710013
IAC710014
JCX €90019
NXX€30001

TEAT10005

ACDET0020
ACD €70026

" ACDE€70027

ALX €70046
HAX700050
IAC710013




L

"

-)

cores
*Conti

COLTOS

nued*
IAF670047
IAF670048
ion
ABX580001
ACDEEQC17
ACD670019
ACDET€02C

- ACD670026

ACDE€7C027
ACD680015
ACDE€BCO022

-ACD680023

ACD70C024

- ACD700038

ACEESCO0E
ACE650014
ACEEECCI12
ACE660018
ACE€7C021
ACE670028
ACEE€8C017
ACE680024
ACE€9C02¢€
ACE690032
ACE7CC025S

CAX680032

corrosion products

CAX€9C053

-ACCE€ECOOE

ACD660017
ACD670019
ACDE7C02¢€

-ACD670027

- ACDESGCO024
ion protection
ACBETCC17

COrLros

costs

ACDE€BCO1S
ACD680022

ACC660010
ACCEeCOI1€E

BRXETCOOU

AAX670006

AAX670009

ARXETCO1C
‘ABX680035

cover

ABXESCOSE
ACB660009
gas

AC2690028
ACDEECC17
ACDE7CO026
ACD680015
ACDEELOC1E
ACD680022

Keyword Index

MLA620001

CXX700048
FAX620004
FAX62000¢%
FRX690035
FAX690045
FBD690036
FBE670031
FBE690034
FBE700027
FBE710018
FBX640015
FCD710016
FCX6900313
FCX700026
GAX70004¢
GCX610002
GLX 690042
GFX660023
GXX680039
1BX680027
LIX690008
MCD690017
NXX630001

ACD690031
ACL700024
CXX700049
LAX690010
LAX700013
LEX680027
LHX6900 11

ACC680021

ACE660018

ACC660010
ADX640021
TAR650024
LJX660006
LJX660032
1JX670032
NXX700060

ACD690031
ACD700024
CCX680033
MCC690017
HDA700006
MLC69001%

ACD6ECO23 MDC 690016
ACC690024 NXX €30001
cracks '
"ACAGECO14 EDX€E4 0016
ACE650008
Creep
ACE650008 FECE€10001
ACE650014 "FBCE€50017
2CE660012 FEE€60019
ACEE€€CO1E FBE€70029
ACE670028 FEEE70030
ACE6€EC017 FBE6€70031
ACE6 80024 FEE€80025
ACEESCO026 FBE€80026
ACE690032 FEE€90034
ACE7C002% FBE€90044
ACE700039 - FEET700027
EBX7C0042 FBE710017
ECX7 100 11 FEE710018
EDX6€0031 FBXE40015
ELCX690051 FCC700040
" EXX7CCOY4E FCC700044
FBE660021 FCC710010
FBB6€C022 FCE€90043
FEE6 90040 FCE710004
FBBESCOU1
criticality
ACAG65001C MDA €4 0006
BEX670012 MLA€60003
MCAGECOCY MDC 680002
BCA640002
crcss sections
AAXETCCCS BBX€70012
BAX680006 MADEYOOOU
. BAX7C00C8 MCDE90017
crystallization
CAX€ESCOE
cutting tools
ACAT710028 KBB €90006
data
ACBEECO13 CAX€90061
ACE690029 CCX €80038
ACC7C0037 IBDEBOO36
ACL650011 LEAT700014
ACD660011 LDA700015
_ BAX7C00CE
data acquisition systenms
JEXEEC02C MDC 700004
EAC680034
data processing
JEX650020 MLC€70002
MDCETCOCT MDC 700004
decay
ACE690022 ACDE€T0027
ACB7(CO3€ MDA €90001
ACL660017 MLAT00007
ACD€7C02C

Page 17%
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decommissioning
MFX700020.
decomposition
ACD670026
ACDEEBCC1S
decontamination
LIX€9C008
LIX690009
defects
ACE€9C02¢€
ACE690032
delayed neutrons
ACD680023
MDA640006
MDAE€€0003
density
ACDE€€CC17
ACD680022
ACD690024
ACDE€90031
ACE660012
ACEEECO1E
ACE670028
ACEE€80017
ACE680024
ACE€SC032
deposition
ACDE€CC17
ACD690024
ACD700038
ACE€7C028
ACE680017
ACE€80024
ACE690032
descripticn
ACD650013
HBX€SCOSE
HBX€9C059
TAFP690014
design
ABX640004
ABX70CC54
ACCESCO0E
ACC660010
ACC€9C03C
ACC700023
HAX70005C
‘HBX620006
HBX€7C042
HBX690058
HBX€9C05S
HBX700012
HCX€8CC37
IAB670043
IAET70C05¢
IBAT10005

Keyword Index

CAX690053

LJX660006

ACE7C0025

MDA690002
MDA 690005
MDC680002

ACE700039
CAX690053

- €CCX680038

CXX7C0049
EDX6400 1€
EXX700048
FEX640015
MDA 640002
NXX630001

ACE700025
ACE700039
BGX67004%
CDX67C035
Cxx7000u49
NCD690062

JFX660027
MBX64000 3
MCD7C0001

IBB670036S
IBB7 10015
IBD680036
JAA7 10009
LHX690011
LJX6€0006
LKX620003
MAC680034
MAD690004
MAX650019
MCD690055
MCD690062
MDB7C0003
MEA640005
MEB680001

MEC700053

design criteria
ACB6€CO1ES
BGX670045
CDX€670035
design data
AAX€7000S
ACE6700 24
ACB710029
BAX6EQOCE
BEX670012
develofment
A4X670003
AAX6700C4
AAX67CO00S
AAX670006
AAXE€67C007
AAX670008
AAX670011
ABXSEQ00C1H
ABX640004
ABX6EC035
. AEX690056
ABX7C00¢%4
AEX700055
ABX71002C
ACE670024
ACB6€0013
ACE700022
ACB700036
ACB71C029
ACC700037
ACDES(0013
ACE650008
ACE6E5C014
ACE660012
ACE€€C018

ACE67002€

ACE680017
ACE€ECQ24
ACE690026
ACE6¢C032
ACE7(C002S
diagrams
ACD6€C017
ACL690024
diffusicn _
ACE670028
CDX€7C035
FCC690048
FCCE€<CO4U9
disconnects
ACA670016
dismantling
’ ACD67C02C
dispersion
LXX71002¢

IAE700059
MACE€B0034

HCX710022
IARES0024
IAET00059
LDA 690012
MLB700003

ELX €80031
EDX€90051
FAX€20004
FAX €20005
FAX€90035
FAX€90045
FCC 710010
FXX€90047
GLX 710025
HAX700050

. HEX €20006

HBX€70042
HEX €90058
HBX€90059
HEX?700012
HCX€B0037
HEX €20007
HIX €60026
HXXEL0019
JLX €90060
KBB €90006
LHX€90011
LJX€70032
LKX 700030
LKX710001
LXX700029
MEA€40005
MEB€80001
NXX £90002
NXX€30046
NXX7C0060

ACD 700038

FCD710016
MDA E€70040
MCAE€70041

ACD 670027
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(1}

-

o

disposal

MDA700007

. dissolving

ACDEECO017
Cax680032

distillaticn

AAX670004
ACCEECO1C
ACCEE001€
ACC670018

- ACC€7C02¢

ACC680014
ACC€80021
ACC690023
ACCE€SCO03C
ACC700023
ACDEECO11
ACD660017
ACEEECO1E

distribution

drain

dcying

ACCEBQ01Y
ACC680021
ACC690023
ACC€9C030
ACC700023
ACC700037
ACD670026
ACDEBCO1S
tanks

ACB€9C02S
ACB70003¢
ACE650008
IACT7CCC47

ACAESCOOU4

ductility

ACE€ECOOE
ACE650014
ACEEEC012
ACE660018
ACE€7C021
ACE670028

- ACE€8C017

"ACE680024

ACEE9C02¢€

" ACE690032

ACE700039

. EBXT00042

~FBBE€€CC21

FBB660022
FBBESCO4C
FBB69004 1
FBB7CC028
FBC610001
FBCEUQ017

Keyword Index

Eal

CAX690052
CXxX700049

ACE680024

- GDX69004z2

LCA670014
LCA680008
1CA690037
LCB660007
LCB710007
LCC710024
LIX660006
LJX660032
LJX670032
LXX66003 1
LXX710021

ACD680022
ACC690024

ACD690031 .

ACD700024
ACD700038
CDX670035
LDA6900 12
LDA700046

IACT710013
M2X650019
MDA64000 2

FBC650017 . -

FBE6500 1S
FBE650016

FEE6600 1S

FBE670029
FEE670030
FBE680025

FRE6B0026 °
 FBE69004Y4

FBE7 10017
FBE710018
FBX6400 15

FCC7C0040

FCC700044
FCC710010
FCE690043
FCE710004
GAX670033
GAX680028

dynamic characteristics

AAXET7C009

MDA650001

cartbquakes -

economics

elasticity

electrolysis
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AAX670010 MLCA€80003
ACA€ECO12 MDA €90002
ACR6EC01S MLAE90005
ACE680013 MLAT700006
ACB6<002S MDA 700032
ACE700022 MIAT710003
BFX6€C0CS MDB700033
BGX67C045 MLE710002
JAE690018 MLCE€60002
JAB7(0017 MDC €80005
JAB7 10008 MLC€90003
JCX6<0019 ¥DC €90016
MCA680004 MLC700004
MCD6<0017 MDC 700005
dynamics tests
" ACA6E5C010 MDB 710002
ACA660008 MLCE€60002
ACA6SC021 MDC €80002
EDA660003 MLCEY0003
MDA6GCOCS MDC 700005
MDE700033 :
ACB69002S ACB 700036
ABX6400CH CAX€90053
AEX670049 IAR€50024
ABX6¢€0007 IAR€60030
AEX710020 NXX €90057
ADX€SC063 NXX700057
BFX700056 NXX 700058
ACE€7C028 EDXEL40016
EEX700041 FEX€40015
ECx71001
electrical circuits
MACEECO34 MAX€50019
electrical conductivity
ACD6ECO15 ACE€60018
ACL680022 ACEE€70028
ACD6<SCO24 ACE€B0017
ACD690031 ACE€80024
ACD7C002y4 'ACE700039
ACD700038 FEX €40015
A ACE6€C012 GCX680030
electrical power 7
ABX6¢C0C7 - NXX€90057
AEX700055 NXX 700057
ACB6€CO15 NXX700058
ADX690063  NXX 700060
electrical prcperties :
ACD660017 ACL€80022
ACD6EQO1S ACD 700038
ACC690023 ACD670019
ACC690030 ACD€800 15
ACC7C€0023 ACDEBOD22
ACC700037 ACDE90024
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electrolysis

*Continued#
LKX70003C
LKX710001

embrittlement
RCD670027
ACEE€E000¢8
ACE650014
ACE€€CC12
ACE660018
ACE€7C021

emergency cooling

CAX€9C053
energy -
NXX700060

engineered safeguards

KDA680003
engineering
LXX700029
entraingent
ACDEE€0017
ACD700038
CCX€80033
environment
JDX€67C037
equilibrium
ACD660017
ACDET7C02€
ACD680015S
ACD€80022
ACD690024
ACD€9C031
equiprent
ACDE€T7C02€
ACE65000¢€
ACE660012
ACEE€CO1E
ACE670028
ACEE80017
ACE680024
ACE€93C032
EBX700042
erosicn
FBX640015
errors
BAX€8000¢
examinaticas
ACA 700035
ACA710028
ACDE€SC007
ACD660017
ACDE€7C02¢C
ACD6T70027
ACDEBCC1S
ACD680016
ACD€8C022
ACD690024

Keyword Index

LXX710021
LXX7 1002¢€

ACE670028
ACE680017
ACE680024
ACE690026
ACE690032Z

. ACE700025

LCB710007
LCC710024

NXX700011

ACD700024
ACD700038
CXX700049
LCA680008
LCa690037
LDA690012

GDX690042
JFX660027
JFX670036
LI X650023
LIX670013
MEA640005
MEBR68000 1
MEC700053

EBX670012
ACE660012

ACE660018

ACE670021
ACE670028
ACE680017
ACE680024
ACE690026

ACE69003Z

ACE700025
ACE700039

ACD690031
ACC7C003€
ACE650008
ACE€EC014

i e
excursions

IAFESCO4
JAE690018
JAB7C0017

expansion

ACB67C024
ACT680022
ACE6€0012
ACE6600 18
ACE680024
ACE€SCO026

experience

ABX67C04¢S
AEX690007
ACR6E5COCY
ACA65001C
ACAR660008
ACAEECO1Y
AC2670016
ACA67CC23
ACR2680012
ACA680019
ACA6¢C021

" AC2690028

ACAT7CCO21
ACA700035
ACA71002¢
ACL650011
ACDEE€00 17
HEX7000 12

HCX680037

LCC71C024

experiment

ACC7C0037
ACD650011
ACDEE€CO17Y
ACL670020
ACD67C02€
ACL670027
ACDEECO15
ACL6EQO1E
ACL680022
ACDE€<SCO024

4CD090025

ACD7(C003¢8
CCXx680033

- CEX64C018

CLX700010
CXX7C004sS

extraction columns

GDX710025
L1XX700029

EDX €40016
MEC 700053
MFX 700020

MDA €6 0004
MCA€B0003
MDA €30005

ACE690032

ACET00025
EXX700048

. FEX€40015

HCX 710022

MCD €80010
MCD€90017
MCD €90055
MCL€90062
MCD700001
MDA 660003
MCA€70038
MDA E€7CO4

‘MLB700003

MDB 710002
MDCE€70001
MLC€70002
MDC€80002
MLC€80005
MDC €90003
MLC700005
MEB€60028
MEC700053
NXX €30001

EBX700041
EEX 700042
IAFE90014
LXX€60031
MAXE€S50019
MCA€60001
MCA €80004
MLA€6G003
MLC€60002
MDC €80002
MLC€80005
MDC €90003
MLC€90016

. MDC 700004

MEC700005

~ LXX710021

LXX 710026

-



[}

-

fabrication
ACE670028
ACE€8C017
ACE680024
ACE€9C02¢
ACE690032
ACE70002%
ACE700039
EDX€4CO01¢€
failures
ACA6€CO1 Y
ACE€E000 €
ACE650014
ACE€€C012
" ACE660018
ACE€7C02¢
ACE680017
fast neutrcas
TAF6T70047
IAFETCOLE
fatique
EBX€9CC39
. FBCS590001
feedkack
- JCX€9CC16
MDA690005
ferrcalloys
ACE690026

fertile materials

BAX7CCOQE€
films
CDX€7CC3¢
filters

ACA€€0014

HIX660026€
filtration

HIXEECO2¢€

LAX690010

LDA7CO0T4

fissile materials

ACD€7C02¢
ACD680015
_ACD680016
ACD€EC022
~ _ACD700038
fission
ACD660017
ACDETC02C
fission products
AAX670005
AAXETICCOS
ACA660014
ACB€90022
ACB700036
ACDEECC17
ACD670020
ACDETCC2¢

Keyxord Index

EXX700048

FBB650018
FBX64001E
GDX710025
GGX670034
GXX680039
MAD690004
MBX640003

ACE680024
ACE690026
RCE690032
ACE700025
CAX690053
NXXx630001

IRF6900 14
FBX640015
MDA710003

MDE7 10002

ACE700025

LHX690011

LIX690008
LIX690009

BAX7C0008
CAX690052
CCX680033

CXX7000Q9

ACD670027

BAX7C0008

. CCX680033
CDX670035
.CXX70004¢9

IAC7C0047
IAC710013

JDX690060
LCA680008

LXX660031

ACD670027
ACD6EQOE
ACD680022
ACD6EQ023
ACL690024
ACDESCOI
ACE700024
ACD7€0038
BEX670012
BFX7C001¢
BGX670045
flanges
NXX€:00C1

flexural properties

EDX€40016
flow measurement
AAX67500C8
ACA710028
HAX7C005C
flovwsheets '
ACB6€COCS
ACE6600 15
ACB6800 13
ACB6¢€C029
ACE7 10029
ACCE€CO1E
ACC690023
ACC6S003C
ACCT7C0023
fluid flovw
HaX7€00S0
: HCX7 10022
fluids
~ CRX670035
flucrides
AAX€TCOCS
ACD650011
ACD6€CO017
ACC670020
ACDETC027
- ACL6800 15
ACD680016
ACD6ECO22
ACD690024
ACD6CSC031
ACD700024
ACD7(C03E
ACEGECO14
ACE660012
ACEEECO1E
ACE670021
ACE67C028
ACE6 80017
ACE€ECO24
ACE690026
ACE6S0032
ACE700025
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LXX700029
LXxx710021
MADEIOO0O0Y
MCA €80004
MCDEBOD10
MCD 690017
MCD€90062
MDA €70041
MLCA700007
MDC67C001
MLCE70002

LXX710026
MLB700003

ACC 700037
124660030
LIX€50023
LIX670013
LJX €60032
LXX700029
M BX €500 19
MCB 710012

MDA €20001

NXX€30001

ACE700039
CAX €80032
CAX€90052

~ CAX€90053
- CAXE€90061

CRX 710023
CCX €80033
CCX€80038
CXX €40020
CXX700049
FAX €20004
FAX620005
FAX€90035
Fax €90045
FBEE€70031
FEEE90034
FBE 700027
FEE710018
FBX€40015
FCD710016
GCX€10002
LAX €90010
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fluorides
*Continued*
LCB710007
LCC710024
fluorination
ACAL€8001¢
ACB670017
ACC660010
ACCEECC1€
ACC670018
ACCE7C02¢
ACC680014
ACCESBC021
ACC700037
fluorine
ACAT700035
ACD65C007
CEX640018
fluorcborates
AAX670005
ACB€8C02C
. ACB€9C022
ACB700036
ACD€SCO011
ACD660017
ACDETCO02¢€
ACD680015
ACD€ECO022
ACD680023
ACDE90024
ACD690031
ACD7CC024
ACD700038
RCE€6CO01E
ACE670021
foaming
ACD690024
foreign
ABX700055
ABX71002¢C
ADXE4CO021
forming
ACBE9CO2¢€
ACE690032
freeze flanges
ACA680012
ACA€80019
ACA690021
freeze valves
ACA650004
HFX€2C007
freezing
ACD€9C024
CAX690061
MDA64000 2
fuel cycle
ACB680013

Keywvord Index

LHX650011

ADX640021
IAA650024
LEX680027
LI1X650023
LIX670013
LIX690008
LJX66000€
LJX660032
MCD700001

CLX700010
LGX650002
ADA69000 1

ACE670028
ACE680017
ACE680024
ACE69002€
ACE690032
ACE700025
ACE700039
CAX 690053
cCXx680038
CXXx700049
FBD690036
FCX690033
FCX700026
GAX700045S
HCX710022

CcCx680033
ADX670046
IAF670047
IAF670048

ACE700025

ACA6900Zz8

~ ACAT00021

IAC710013
MAX650019

MDA660004
NXX630001

LXX700029

CXX7€00u4S
fuel cycle costs
AAX67C0C3
ABX690007
ABX7C0054
ACE660015
ACB670024
BFX6€00CS
* BFX700016
BFX7C00%56
fuel preparation
ACD6EQO15
ACD680022
ACD6ESC024
ACL690031
ACD7C0038
fuels
AAX67C0CH
ACC670018
ACD670019
ACL6ECO1€E
ACD690024
ACD7C0024
CaxX680032
CAXE€SC052
CCx680033
CXX640020
CYX700049
FAX€200C4
FAX620005
FAX6SC035
FAX690045
gamka radiaticn
ACL660017
ACD67C02C
gamma sources
ACD6E0023

gamma spectrometry

ACA67C023
ACA6CS002E
ACA700021
ACD6€C017
ACL670019
ACDE7C02C
ACL670027
gas analysis
ACL670026
ACDEECO1E
gas flow
"CDX67C035
gas injection
ACBEECO2C
ACE690022
ACB690029
gas separation
ACE680020
ACBESC022

NXX700058

- IACE€60025

I2C700047
IAC700051
IaC710013
IAC710014
IAD700052
LJIX €60006
NXX700058

LAX690010
LAX700013
LIX€6S0009
MLAEB0003

IRC€60025
IAFE€90014
LCA€70014
LJX€70032
MCAEBO0O4

" MCDE€BO0010

MCDEYDO1T
MDA €30002
HLA€40002
MDA €90001
MLA€90002
MDA 700007
MLC€70001
MDCE€70002
NXX £90002

ACDE€70027
ACD€80023

ACD €800 15
ACDEBOO22
ACD€90024
ACD€90031
ACD700038
MCDE90017
MCL€90062

ACDEJ0024

ACB 700022
CCX€80033

. ACB€90029

ACB700022



.

gas. separation
*Continued*
ACB700036
ACB7CCO03€
ACB710029
gases
ACD660017
ACDET7(CC26
ACDE€8001€
ACD680023
glass
. JFX670036
graphite
AAX670006
ACBE€7C017
ACBE€7C024
ACB680013
ACBE€8BQ002C
ACB690022
ACB700022
ACB700036
ACDESCO007
ACD660017
ACDE7C019
ACD670020
ACDETC02¢€
ACD670027
ACD€8CO1S5
ACD680016
ACD€80022
ACD690024
ACD690C2%
ACD690031
ACD70C024
ACD700038
ACEES000E
ACE650014
ACE€€C012
ACE660018
~ACE€7C021
ACE670028
~ ACEE€E8C017
hafnium
-ACE€80024
ACE690032
hardness
ACE700039
healtt physics
MACEBCO3Y4
MEC700053
heat
ACB690022
heat Lkalance
ACA710028
MDB700003
heat exchangers
AAX670007

Keysord Index

CCX680033
IAC710013

ACD690024
ACD700038
Ccx680033
C¥x700049

ACE680024
ACE69002¢€

ACE650032

ACE700025
ACE700039
CAX6800332
CDX670035
CEX640018
CXX700049
FBX 690039
EBX7C0041
EBX70004 2
EBX700043
ECX710011
EDX640016
EDX68003 1
EDX690051
EXX700048
FBX640015
FCX690033
FCX700026
IACT00047
IAC710013

JTAE700059

MAD690004 -
MAX 650019
- MDA670040

NDA67004 1

ACET700025
NXX700011

MDB700003

HCX 680037

ACA710028
ACB6600 15
ACBE€IC017
ACE670024
ACB6E002C
“ACE690022
ACB7(0036
BACE6€001E
ACE700039
CAXESCOS3
FBE650018

- FPBX€4C015S
heat generation
IAC710013
LEKX7100C1
1XX7 10021

heat trapsfer

ACA660014
ACA67C023
ACE660015
ACB6ECO2C
ACBE690022
ACB6¢€C02S
ACB700022
ACB7(€0036
ACC690030
ACDEECO1S
heat treatments
ACAG6ECOCE
ACE650008
- ACEEECC14
ACE660012
ACEG€ECOQ1E
ACE670021
ACE6iC02€
ACE680017
ACEEECO24
ACE690026
ACEESC032
ACE700025
ACE7€C03¢
- ELX640016
. BXX7C0048
heaters '
AALX67C0C7
helium
ACD670026
ACL€SC031

IAC710013

hot cells
ACL670019
ACDETC02C
ACL670026
ACD670027

hydraulics
A2X670007
HBX6200C6

page 181

HCX710022
IACE60025
IAC700047
IAC700051
IAC710013
IAC710014
IBA 710005
IEBE€70039
JCX €90019
MAX650019
MELB700003
NXX€30001

MDA €20001
MEA €40006

ACD€80022
ADX€70046
CAX €930053
CLX700010
1EA710005
JCX€90019
MLA€90005
MDB7G0003
NXX€30001

FBA€60020
FEAEB0029
FBB€60021
FEB€60022
FBB 700031
FEC€10001
FBC640017
FEEEB0026
FBX€40015

FCC700040

FCC 700044
FCC710010
GCX€80030
NXX €30001

MCD €90017

-MLCE€90015

MLCES0016

-ACDE€BOO 1S
"ACD€80022

ACD€90031

HEX 700012
HCX€80037




Page 182

hydraulics
*Continued*
MDAT700006
hydrocarbons
ACD660017
ACDE70026
hydrodynamics
MDA TCCO006

hydrofluorination

ACDEBOO1S
ACD680022
ACD690024
ACDE€Y0031
hydrogen
ACDE€8001S
ACD680022
ACD690024
ACDE9C031
- ACD700024
LAX€ESQO1C

hydrogen compounds

ACCESC00€
ACD680022
ACDESC024
impregnation
ACEE€7C02€
ACE680017
ACEE8CC24
ACE690026
impurities
ACD670026
ACDESCC31
BCEESCO0E
ACE650014
ACE€€CC12
in-pile tests
ACDESCO007
ACL650013
ACD660011
ACDET7CO1¢
ACD670027
ACDE€BO001S
ACD680016
ACD€8C023
ACD690024
ACD€9C02¢
ACE650008
ACEE€EECO014
inconels
ABX580001
ADX640021
FBX640015
FCD71001¢€

industrial studies

ACB70C03¢€
industry
ADX690063

Keysord Index

ACD680023
HIX660026

LA X690010
LAX700013
LAX71001S
LIX650009

LGX650002
LGX650002
LIX650023
LIX670013
LIX690009

ACD700038
LIX650023
LTX670013

ACE690032
ACE70002z¢<
ACE7C0039

ACE69002€
ACE690032
RCF700025
FEL69003¢€

ACE660012
ACE660018
ACE670021
ACE670028
ACE680017

ACE680024

ACE690026
ACE690032
ACE70002E
CEX640018
JFX67003¢

GAX700045
GCX610002
GCX68003C
GGX670034

ACB710029

NXX70006C

inert gases
ACD660017
ACLCETTC026
ACD6800 16
ACDEECOZ3
ACL690024
ACD6SC025

inspection
AAX67COCE
ACE650008
ACE650014
ACEE€C012
ACE660018

instrumentaticn
ARX670008
ACB680020
IACT710013
JAE6900 18
JAB7C0017
JCX670037
JDX€SCO€C

interfacial tension

ACDEECO15
ACL680022
ACD6¢SC024
intrusion
EDX64C01¢
inventories
ACDE€T0026
ACD680023
ACD7C003€
iodine ’
ACD650011
icns
ACL690024
iron
ACE700039
GCX6 10002
iron alloys
ACE650014
ACE6€C012
ACE660018
ACE67C02E
ACE690026
irradiation
ACD670026
ACD6ECO1S
ACD700038
ACE6EC0CE
ACE650014
ACE660012
ACE6€C01¢€

ACE670021-

ACE€7C02€E
ACE6800 17
ACE680024
ACEESCO0Z6

ACD€90031
ACD 700038
CCX €80033
CDX€70035
MCDEY0017
NXX€30001

ACE670028
ACE680017
ACE€80024
EDXEL0016
¥EX 700002

JEX €50020
JFX€70036
MAC 680034
MAX €50019
MDA 64CO07
MLB700003

ACDE90031
CCX€80033

MADE90004

ADX640021
ALX €700u6
MDA 700007

LXX€60031
ACD700024

GFX€60023

ACE700025
FBDE€90036
FCX€90033
FCX700026

ACEE€90032
ACE700025
ACE700039
CEX€E40018
ELX€40016
EDX €80031
EDX€90051
EXX700048
FBBE€90040

'FEBE90041

FBB700028

. FBE€50015



o

[

»”

irradiation

*Continuedr
FBEE€SCO01¢€
" .FBE660019
FBE670029
FBE€3(03¢C
FBE670031
FBEEBG02S
FBE680026
FBE€9CO34
.FBE690034

FBE€90044 -

- FBE700027

isotoges
BAX700008
MDAT7CC007

joints
ACB680013
ACEESC00€
ACE650014
ACE€€C012
ACE660018

kinetic equaticns

ACD690031
MDA €SCCOS
krypton :
ACA650004
ACB€9C022

laboratory equipment

ACD€80016
lattice
EXX700048
layout
ACB660009
ACBE8CO013
lead .
ACEESCO14
ACE660012
ACEE6CCI1E
lead cooling
ACBE€ECO15
7 ADX670046
leakage
CAX€SC053
leaks
"ACA 700021
ACD670020
limits
~ IAB670043
linings
GFX660023

Keysord Index

FBE710017

FBE710018
FBX64001S
FCE690043
FCE7 10004
GRX670033
GAX 680028
IAE700059
IAF6900 14
MAD690004

MCB700003

ACE670028
ACE680017
ACE680024
FBX640015

HDA7 10003
MDA670040

¥DA670041

ACD690024

ACBE690029
ACB700036

GFX660023

IAC66002E

GXX680039

ACD670027

CAX690053

liquid level reasurepent

GAX700045

LCB71C007

- LCC71C024
liquid metals

ACDEECO11

LXX71002¢€
MAX650019

CAX690053

ACD670019
ACEE€EC014
ACE6600 12
ACE660018
liquids
- ACD690031
liguidus
ACD670026
ACDEECO1S
ACD680022
ACD6S0024
ACD700024
lithiunm
ACC660010
ACC6ECO16
" ACCE70025
lithium chlcride
ACD7C0024
lithiumn fluoride
ACDGECO17
ACL670019
ACDE€T7C02C
ACL670027
ACDEECO15
ACL6E0022
ACL690024
ACDESCO3
ACL700024
ACD7C003¢8
CaX680032
CAX690052
- CAX6S00E3
loading
ACA€EC0CY
ACR650010
. LAX710C19
loop ‘ :
ACEEECC 14
ACE660012
ACE6€C018
ACE670021
ACE670028
RCEG6ECO17
ACE680024
ACETCGC39
- FRX620004
lcsses ,
_ LIX690008
machining
' FBX640015
maintenance
A2X670011
ACAGECO14
ACA67C023
ACR680012
ACREECO1S
ACRA690021

Page 1813

CXX 700049
FCD 710016
GFX 660023
HBY 670042

ACD700038
CAX€90052
CAX €90053
CXXx700049
NXX €30001

LLa€90012
MDA €30001

CAX€90053

CCx680033
CXX 700049
LAX€E90010
LAX 700013
LAX710019
LCA€80008
LCAE€90037
LCB€80007
LCB710007
LCC 710024
LLAEY0012
LDA 700046
LIX690009

MCA 660004
MLA€80003

FAX€20005
F2X€90035
FAXES0045
FEX €40015
FCD710016
GAX700045
GCX€10002
IACT710014

ACA€90028
ACB €80013
ACB€80020
ACB€90022
ACB€90029
ACBE700022




Fage 184

maintenance
*Continued*
ACB700036
HBX 700012
HXX640019
TAC7CCO051
IAC710013
JFX€7C03¢€
KBB690006
MAXESCC1S
manipulators
JFXETC036
mass transfer
ACB67002¢4
ACBE€S8002C
ACB690022
ACB€9CQ02¢
ACB700022
ACB7CC03€
ACE650014
ACEE€€C012
ACE660018
ACEE7C02¢€
ACE680017
materials '

: ARX670006
ABX70005&
ACD670019
ACDE€7C02¢€
ACD680015
ACDEEBCO1E€
ACD680022
ACD€£80023
ACD690024
ACDESCC31
ACD700024
ACD70003€
ACE650008
ACEES0014
ACE660012

materials testing

ACB680020
ACDETCC1¢S
ACD€7C02C
ACD670026
ACDE€7CC27
ACD680023
ACEE€SCO0E
ACE650014
mathepatics
FCD710016
JCX€9CC1S
measuresent
ARX670008
ACA€ECO01C
ACD700024
ACD70C03E

Keyword Index

HEX70000:2
BCB710012
MCcD680010
MCD700001
MEA640005
MEB680001
HEC700053
NXX590002

ACE680024
ACE690026
2CE690032
ACE700025
CXXx700049
FBD6 90036
FCL7 100 1€
GFX660023
IED680036
MDA 67004 0
MDR670041

ACE6600 18
ACE670028
ACE680017
ACE680024
RCE69002€
ACE690032
ACE700025

CDX670035"

CEX640018
GDX710025
HIX660026
IAC700051
IAD700052
uca680004
NXX630001

ACE660012
ACE660018
ACE670028
ACE680017
ACE680024
IAE700059
IAF690014

MLR690005

CLX670035
LCA680008

‘MLCA700006

MDB700033

ACE6€C018 MDC€60002
ACE670028 MLCE90015
ACEG6EC017 MDCE€90016
ACE680024 MIC700004
CAX€ESCO€1

mechanical properties
AAX67C006 ACE690026
ACE650008 ACE€90032
ACEEECO014 ACE700025
ACE660012 ELX €80031
ACEGE€C01E EDX€90051
ACE670021 FEAE€60020
ACE670028 FCX €90033
ACE6EC017 FCX700026
ACE680024 GXX €80039

- melting

ACD6900 24 FEX €40015
ACD6SCO31 NXX€30001
CXX700049

mercury o
IAF670047 IAF€70048

metal transfer prccess _
ACC700023 ACD€90031
ACC7C€0037 BCD700024
ACT690024

metallograghy
ACE650008 ACE€90026
ACEEE£C014 ACE€90032
ACE660012 ACE700025
ACEGECO18 FBA 660020
ACE670021 FECE€40017
ACEE€7C02¢ FBX640015
ACE680017 GCX €10002
ACEGECO24

metallurgy
ACE65C0CE ACE€80024
ACE650014 ACE€90026
ACE6€0012 ACE€90032
ACE660018 .ACE70002¢
ACE6€C017

metals
ACD67C016 ACE€80017
ACEE€S00CE ACEEB80024
ACE650014 ACE€90026
ACE6€0012 ACE690032
ACE660018 ACE700025
RCE€7C02¢E ‘

nmethods
ABX67C0CS MDC€60002
MDA620002 . MLC700004
MDA6SCOC2 - MDC 700005

wicrostructure
ACE650008 ACE70002¢
ACE€EC014 ACE700039
ACE660012 EEX 700042
ACE6¢€0026 EDX€E4C016
ACE690032 EXX 700048



ral

microstructure
*Continued*
FBA660020
FBA680029
FBCE90001
FBE660019
FBEE€7C02¢
FBE690034
FBE700027
FBE710017
mists
ACD670026
ACDEBCO1S
ACD€80022
ACD680023
ACDESCO024
mixing
MDA €9CC02
mixtures
CAX690052
models
FCD710016
FCD71001¢€
HAX700050
IBD€BCO3E
JCX690019
MDA62C002
MDRA650001
MDA EECOC3
MDA670040
MDA €9C002
moderators
BFX€8C00¢
modified Hastelloy N
: AAXETCO0E€
ACE650014
ACE660018
~ ACE€7002¢
. ACE680017
"ACE€80024
ACE690026
ACE€9(C032
ACE700025
ACE70003¢
FBE690034
FBEE€ICOuUL
modular design
ACB€€0C1S
ACB670017
molten salts
ARX670005
ABX5&C001
ACAESCO004
ACA2650010
ACDESC007
ACD550011
ACDE6CC11

Keyword Index

FRE710018
FBX640015
FCC7C0040
FCC700044
FCC710010
FCE710004
GAX670033
GAX680028

ACD700038

CCX680033
CXX7€0049
HIX660026

CAX690053

MDA69000%
MDA 700006
MDC670001
MDC670002
MpC680002
MDC 680005
MDC690003

MDC690016

MLCC70000%

CDX670035

FBE700027
FEE710018
FCC690048
FCC690049
FCC700040
FCC700044
FCC710010
FCE690043
FCE710004

FCX690033 -

FCX70002¢€

FXX690047 -

ACB670024

FAX62000¢%
FAX690035
FBD690036
FEE7100 18

FBX640015

FCX700026
GAX7C0045

ACD6€0017
ACL67Q020
ACD670026
ACL670027
ACL680015
ACD6ECO16
ACD680022
ACD6ECO23
ACLC690024
ACD€SC025
ACL690031
ACD7C0024
ACL7C003¢
ACE650014
ACE6€0012
ACE660018
ACE€77C021
ACE670028
ACE680017
ACE6ECO24
ACE690026
ACE6S0032
ACE700025
ACE7CCO3¢
ACX640021

"BGX670045

CAX710023
CCXe€C033
CEX640018

‘CLX7€0010

CXX640020
EBX7CC043
FAX620004

rzclytdenur

ACL670019
ACD670C026
ACD67C027
ACL700038
ACE6ECOCE
ACF660012
ACE6€C018
ACE670028

- ACE€E€0017

ACE680024
ACEE€SC02¢

monitors

JDX€7C037

© JDX690060
natural resources
"AAX670003

ABX67C04S
ABX6SC007
ADX690063

" BFX7CC056
neptunium

BAX7C00CE

Page 185
‘GCX610002

GLX €90042
GDX 710025
GXX€80039
HEX €70042
HBX€90058
HEX €90059
HBX700012
1ACE60024
IAC700047
I2F€70047
IAF€70048
IAFE90014
IEB€70039
LAX710019

"LEX€80027

LCA670014
LCB680007
LCB 710007
LCC 710024
LLAE90013
LGX650002
LJIX €60032
LKX€20003
LXX €60031
LXX700029
LXX 710021
LXX710026
M AX €500 19
MDA 630002
MLA€70041
MDB 700003
NXX 630001

ACE€90032
ACE700025
ACE 700039
CCX€80033
CEX640018
GAX €70033
GAX€B80028

GCX€10002

GDX€E90042
GLX 710025

 MAC 680034

NXX€90046
NXX700057
NXX700058
NXX 700060




Page 186

neutrcn fluence
ACB€7002¢4
neutron flux
ACB€70024
IAC700047
IAC710013
¥DA€2C001
neutron physics
ACBE€8C013
ACB680020
ACB690022
ACBE€9C029
ACB700022
ACB70003¢€¢
BAX700008
neutrcn scurces
TAF690014
MDAE3CO002
neutron spectra
ADX640021
neutrcn yield
AAX670009
nickel
ACDE7C01S
ACE700039
ADX€40021
FAX620004
FAX€2C00%
nickel alloys
ACDE€7C019
FAX69003¢
niobium
ACE70003S
GCX610002
nitrates
NXX630001
nitrogen
ACEE€S000QE
ACE660012
noble metals
ACB690022
ACDE€CC17
ACDE7C01¢
ACD670020
ACDETCC27
ACD680015
ACDEBCO1€
ACD680022
ACDEBCO023
ACD690024
noiSe analYeis
ACA680012
ACR€9CC21
ACAE9C028
ACA700021
MDATO0C032
nuclear analysis

Keywvord Index

IAF690014

BDA6LO000T
MDAAL0006
MDC6900 1%

BFX680009
I2C660024
IAC66€0025
IAC7C0047
IAF6900 14
MDA620002

MCA64000 1
MDA 69000 1

IAF6900 14
BaX700008

FCC7C0040
FCC700044
GCX610002
GCX68003C
LDA7C0015

GGX670034

GXX680039

FEE690034
FEE700027

ACL690031
ACD700024
ACD7C€0038
EFX70001¢€
CCXx680033
CXX70004S
IAC7C0047
IAC710012
IBA710005
MCD690017

MDB700033
MDB7 10002
MDC680005
MDC690015

AAX670009
BAX680006
BBX67C012
BFX680009
BFX700016
IAF6S50014
MCA680004
MCDES0017
NDA620001
MDA6 20002
MDA€4COC
off-gas systems
ARXE67001C
ACA660008
ACAG6€001Y
AC2670016
ACA67C023
ACAGEQO012
AC2680019
ACRECCO21
AC2690028
ACB67C017
ACLEECOMN
ACC670026
ACD6EQ01E
ACL680022
operating costs
LKX6 20003
cgeraticn
ACA6500 10
ACA660008
ACAGE€CO14
ACA670016
ACA€70023
ACA680012
ACAEECO1S
ACRECCOZ1
ACA690028
ACATCOO21
ACC650012
IABETCO43
JEX6E£C02C
LCC710024
LIX6£0023
1TX670013
operators
ACA650010
MCBEE£C022
optics
JFX67C036
optimizations
BFX7CC056
KXX5¢€00C2
NXX690057
oxidation
ACD680015
ACDE€EQ022

MDA 640002
MLA€40006
MDA €50001
MLCA660004
MDA €90002
MDA 700006
MIC€70001
MDC €70002
MLC€90016
MDC 700004

ACD€680023
ACDE€90024
ACD 700038
CCX€80033

HIX€60026

1ACE60025
TAC700047
IAC700051
IAC710013
JDX€70037

- JLY690060

MACEBOO34
MAX€50019
MCD€90017

LIX€90008
MCA €60001
MCA€80004
MCBESO021
MCB €50022
MCE€60029
MCB €90054
MCB710012
MCDE€B0010
MCD€90017
MCD€90055
MCD €90062
MCcp700001
MILB700003
MDC€70001
KLC€70002

MCCEB0005S
MCCE€700u44

NXX700057
NXX700058

ACDE€J0024
ACD 700038



)

LY

oxidation
*Continued*

oxide

oxides

oxygen

parametric studies

ACE680017
ACEE8CC24

Keyvword Index

FBX64001E

precipitation process

ACC700037
ACD660017
ACDE7C026
ACD6800O15
ACDE€80022

ACCEECO0€E
ACC650012
ACD650011
ACDEECCI
ACD660017
ACDE7CO1¢
ACD670026
ACD€BO015
ACD680022

FBE690034

ACBE7C024

performance

phase

physical properties

AAXETCO003
ACA670023
ACBE6CCI1S
ACB670017

-ACB€80013

ACB680020
ACB€9C022
ACB690029
ACB70C022
ACB700036
equilibria
ACD660017
ACDETC026
ACDEBOO15S
ACD680022
ACDE€9CO24
ACD690031
ACD7CC024

ACBE€8CO2C
ACBE€9C022
ACB690029
ACB70C022

- ACB700036

ACDE€ECC17

"ACD670026

ACD€8001S
ACD680022

‘ACDESCO2Y4

ACD690031
ACD700024
ACD700038

ACD690024
ACD690031
ACDT700024
ACD700038
CXX700049

ACD690024
ACD690031
ACD700024
ACD7C0038
CAX680032
CXX7C0049
EBX700043
LIX650023
LXX660031

FBE700027

IAC660024
IAC660025
TAC7C0047
IAC700051
IAC710013
IAD700052
MCD700001
MLB700003
MEC700053

ACb700038

CAX690052
CAX690053
CXX640020
CXX700049

MDA640002Z

ACE690026

"ACE690032

ACE700025
CaAX680032

- CAX690053
CCX680038
CLX67003%.

CXX640020
CXX700049
EBX700041
ELX6400 16
EXX7C0048
FRX64001E

ACE6€0012
ACE660013
ACE€75C02¢8
ACE680017
ACE6ECO24
Fiping
ACAE€ECOCE
- ACE680020
Flans
. ARX670003
AAX€7C0CS
AAX670006
AAX670007
AALX67C0CS
AAX670009
AAX67001C
AAX670011
ABX€LOOCY
AEBX670049
GDX710025
HEX690058
HBX6<C0S9
TAA€E0024
plant
ACC8E50012
IAC700051
JAB6SC018
JAET 00017
plutoniur
ACC690030
ACCT7€0023
ACD700024
BAX7(00CE
BFX700016
Flutcniur flucrides
ACL680022
ACDESCO024
ACL65C031
ACLC700024
fotassiur flucrides
ACD690024
ACD6SC024
power costs
AAX€7C0C3
BAX68000¢
BFX700056
IACE€CO0Z4
I12C660025
IAC7C0047
IAC700051
Frecipitation
ACD650011
-ACD6€E00O 1
ACD680022
ACDECC024
ACD690024
ACD6S003]
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IAC660025
IAC700047
IAC710013
MLE700003
NXX€30001

KXX€30001

IABE70043
JDX€90060
JEX€50020
LIX€50023
MCA€60001
MCA€B0004
MCB€50021
MCB€60029
MCB710012
MEAEL0005
MEB €80001
MEX 700020
NXX€90002

LIX€50023
LIX€70013
LIX690008

IAD700052
LBYX€80027
LXX 710021
MCD 690017

CAX €80032
CRX€90052
CAX710023

ACD€90031
CAX€90053

IAC710013
IACT710014
NXX €90057
NXX700057

 NXX700058
- 'NXX700060

ACEES0014
ACE€70028
ACE€80017
ACE€80024
FEA€80029
FCC700040
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precipitation
*Continued*
FCC70C0uUy
pressure
- MDC€90003
primary salt
ACB680020
ACB€9C02S
ACD700038
CAX€ELCO032
primary systenm
MCRE€E0001
procedures
MBX700002
MCAE€€C001
MCB650021
MCBE€S5C022
MCB660029
MCBE€SCO54
processing
AAXETCO04
AAX670010
ABX690007
ABX70C054
ACB660009
ACBEECO1ES
RCB670017
ACCESCO06€
ACC650012
ACCEECCIC
ACC660016
ACC67C01€
ACC670025
ACCE€8CO14
ACC680021
ACC€9C023
ACC690030
ACC70C023
ACC700037
ACDE8001S
.ACD680022
ACDE€SCO02Y4
ACD700038
ACEE9(002¢€
BFX700016
CAX€EBCO32
CAX69006 1
procurerent
ACE660012
ACE€6CC18
ACEET7C028
RACE680017
ACEE€8C024
ACE690026
production
LAX710019
progress regort

Keysord Index

CLX700010
CXX700049
HCX7 100272

MDA 700006

MCB7 10012
ECC670044
MPC660002
MEA640005
MEE660028
MEB680001

GDX690042
IRR660030
IAC660024
IAC700051
IACT710013
LCA680008
LCB710007
LCC710024
L1IX650023
LTX670013
LIX690008
LIX690009
LJX6€0006
LJX660032
LJX670032
LKX620003

LKX700030

LKX710001
LXX660031
LXX700029
LXX700029
LXX710021
LXX71002¢€
MAX650019
MLDAT700007
NXX7C0060

ACE690032
ACE70002S
ACE7C0039
EDX6400 16
FBX640015
LAX710019

ACB660015 ACE€80017
ACB67C017 ACEE80024
ACE670024 - ACE€90026
ACBE6ECO13 ACE€90032
ACE6800 20 - ACE700025
ACB690022 ACE700039
ACEE€SC02S ACXE40008
ACE700022 ACX€40014
ACB7(€0036 ACX€50003
ACE710029 ACX €50009
ACD6500C? ACX€60007
ACL6500 11 ACL 660013
ACD660017 ACX €70015
ACL67C01S ACX670022
ACD670020 ACX €800 11
ACD67C027 ACX€B0018
ACL680015 ACX €90020
ACD6EC022 ACX€90027
ACD690025 ACX 700018
ACD7C0024 ACX700034
ACD700038 ACX 710027
ACE650008 EDXE40016
ACE6SCO14 FBXE40015
ACE660012 FCX€90033
ACE6€C01¢8 FCX700026
ACE670021 MEX €40003
ACE67C02€

protactinium
AAXETCOCH ACD€90031
ACE660015 ACL700038
ACC6ECO14 BFX700016
ACC680021 CXX700049
ACCE€SC023 IAAE6CO30
ACC690030 IACE€60025
ACD6ECO11 LBX680027
ACL660011 LLCA€90013
ACD6€ECC17 LJX€70032
ACC670019 LKX €20003
ACDET7C02¢ LKX710001
ACL680015 LXX€60031
ACDEECO22 LXX710021
ACL690024

protactiniur tlucrides
ACL660017 ACD€90024
ACDECC1S ACD€90031
ACL670026 ACD700038
ACD6ECO1S CXXx700039
ACL680022 LLA700046
ACD6SCO024

Frototypes
ADX690063 HEX €20007
HBX€200Cé HXX€40019

Fumps

© AAX67C007 ACB€70024

AC2660008 ACB€8B0013
ACA71C028 ACB€80020
ACB67C017 ACB 690022



a

pumps
*Continued*
ACB€9C029
ACB700022
ACB70C03¢€
CCXx680033
HBX€20006
HBX670042
HBX€9(005¢
HBX690059
HBX700012
pyrocarbon
ACE70C02¢ .
"EXX700048
gquality assurarnce
HBX€9005¢
radiation damage
ACBE€7C024
ACD670020
ACD670027
ACD€80023
ACE650008
ACEE€SCO14
ACE660012
ACE€60018
ACE670028
radiation heating
ACB690029

radiation measurement

AAXETCOO0E
JDX670037
radioactivity
MDAT700007
radiolysis
ACAE6CO01Y
ACA700035
ACDESC007
ACD670026
rare €artks
AAX670009
ACCEECC1C
ACCETCO1E
ACCKT70025
ACCE€BOO1Y
ACC690030
ACC700023
ACD660011
ACDEECO17
ACD670019
ACDE€7C026
ACD670027
ACD€8CO1E
ACD680022
ACDE€9CO024
ACD690031
ACD70C024
ACD700038

Keyvword Index

IAC660025
IAC700047
IAC700051

- TAC710013

IAC710014
MAX650019
MCD6S0017
NXX630001

MAD690004

MBX7C0002

ACE680017
ACE680024
ACE690026
ACE690032
ACE700025
CXX700049
ECX7 10011
IAB670043
MLA6800023

IBRA710005

MAC680034

ACD680023
CEX6400 18
CLX7C0010

EFX700016

CAX690052
CDX670035
CXX700049
FBX640015

GGX6700134
LCA670014

LCA680008

LCA690037
- LCE680007

1LCB710007
LCC71002¢4

- LDA690012

LDA700046
LKX7€0030
LKX7 10001

- 'LXX660031

MDC670001

reactors

ACD700038

rare gases

ACL660017
ACD€70026
ACL680015
ACD6EC022
ACL680023
ACD6SCO24

reaction rates

ACD6E0O1E
ACL680022
ACDESCO24
ACD690031

reactivity

AAXETCO1C
ACR650010
ACA670016
ACA670023
ACA670023
ACA6€0012

ACA690021

ACA7CC021
BAX6800006
BBX670012
BFX680009

~BGXE7C04S5

MCA680004
MCD6E001C
MCL6<C017

©"'MCD700001
reactor vessel

‘ACB6700 17
ACB6€ECO13
ACE6EC02C

ABX7CCOSE

. ACE680020

ACB69C022
ACE700036
ADX€4C021
ACX670046
BAX680006
BFX7CCOE6
CAX630032
IAC6€0024
I4C660025
IAC7C0047
IACT700051
IAC710013

recombination

CEX6u4C018

reduction

ACDEE001
ACL670026
ACDEECO1E
ACL680022
ACD6SC024
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MTCE70002

ACDE€S0031
BFX700016
CXx 700049
MCD €80010
MCD€90017
MDA 700007

ACD700024
ACD700038
CLX7C0010
CXX 700049

MDA 620001
MLCA€20002
MDA €4 0006
MCA€60003
MDA €80003
MDA €90002
MLA€90005
MDA 700006
MLC€60002
MDC 670001
BLCE70002
MDC €80002
MLC€80005
MDC €9000 3
MIC700004
MLC700005

ACB€90022
HAX700050
I1AB€70C043

IAET700059
IAF€700u47
IAF€70048
IAF€90014
KBB €90006
LKX620003
MaX €50019
¥DB700003
NXX £90002

NXX€90057"

NXX 700011
NXX700057
NXX 700058
NXX7C0060

CLX700010

ACD690031
ACD700038
LAX700013
LGX €50002
LIX€90009
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Keyvord Index

reductive extraction process

ACCE6ECO1€
ACC67002%
ACC680014
ACC€8C021
ACC690023
ACCE€9C03¢C
ACC700023
ACC700037
ACD670019
ACD67002¢€
ACD680015
ACDEBQ022
ACD690028
Celiatility
ACE660018
ACE€7C02¢€
ACE€80C17
ACE680024

Tremote maintenance

ACA660008
ACA€eCO14
ACRETC01€
ACA670023
ACA71002¢
ACE690032
ACE70C02¢
Femote ¥elding
AAX€7C011
ACE680017
replacenment
ACB€7C017
CAX680032
LCesearch
AAX670005
ACDEECC17
ACDE€7C02¢C
ACD670027
ACDE€BO01E
reviewvs
AAX€7C003
AAX670005
AAX670006
AAXE€TC007
ABX580001
ABX€4CO04L
ABX670049
ABX€8C03¢<
ABX690007

ABX69CO05€ -

ABX700054
ABX70005¢
ABX710020
ACX€4C014
BBX670012
CXxeug0o02¢C

ACD690031
ACD700024
ACD700038
GDX710025
LDA690012
LDA690038
LKX700030
LKX710001
LXX66003 1
LXX700029
LXX7 10021
LXX710026

ACE690023¢2
¥CD700001
MEC700053

JFX6€0027
JFX670036
MCD690062
MEB66002E
BEC7C0053
MFX700020

ACE680024
KEE690006

CAX650052

aCD680022
ACD690031
ACD7C0024
ACE6S0032

EDX640016
EDX680031
EDX690051
FBX640015
FCX690033

FCX7C0026 -

FXX690047
HBX670042
IED680036
MDA67C038
MDE700003

- NXX590002

NXX63000 1
NXX690046
NXX700011

"NXX7C0060

rupture
ACE650008
ACE6500 14
ACE6€C012
ACE660018
ACE670028
ACE680017
safety
AAX670010
ABX6€ECO3S
AEX690056
ABX7C00%4
BGX670045
CAX6500€3
LIX650023
LIX€7C013
FAC6ECO3Y
safety limits
MCBE€SCOCSY
samplers
ACARG6€CO1Y
ACR€7C023
samgling
ACD6€C017
ACD670019
ACDE€C02C
ACL670026
ACD67C027
ACL6800 15
ACD6800 16
ACD6ECO22
sealing
ACE€ECOCE
ACE670028
ACE6ECO017
ACEEECO24
ACE690026
seccndary salts
ACC670019
ACDESCO024
ACL700024
CAX690053

seCondary systems

GFX660023
JCX€<C019
separations
CAX6€0032
CAX690061
Cxx7C€C049
LCA690037
shielding
MCA640006
MDA7C00C7
FEA6 40005
shrinkage
ACE670024

ACEEB80024
ACE€90026
ACE690032
ACE700025
EBX700041
FEE€90034

MCBE€S0021
MCB €90054
MCAE€40001
MDA EL40007
MLCA€70038
MDA 680003
MLA€90005
NXx€30001
NXX700011

ACA €80012
ACA€80019

ACD€90024
ACDE€90031
ACD700024
ACD700038
CXX700049
JLX€70037
MAX €50019

ACE690032
ACE700025
FCX€90033
FCX700026

HCX 710022
JCX€390019

" NXX€30001

MCRE60001

LCB 710007
LCC710024
LXX€60031
LXX 700029

MEBE€30001
MEC 700053

O



L]

simulation
JAB€9CC1¢8 MDAG66000Y
JAB700017 MDA690005
JAB71C00¢8 MDA710003
JCX690019 NXX700057
MCCE€€CC0S '

single-fluid reactors :
ACBE€8C013 BFX7C0016
ACB680020 €XX700049
ACB690029 HCX710022
BFX€EECCOS

sites
IAC71C013

sodium
FCD71C01¢€

sodium fluoride .
ACCESCO0€ ACD7C0024
ACC660010 ACD700038
ACD680015 ADX640021
ACD€8C022 CAX690053
ACD680023 LIX690009S
ACDE€S0024 LJX660006
ACD690031 LKX62000:3

solidus
ACD670026 ACD700024
ACD€8CC22 CAX690052
ACDE€9C02y4 CAX690053
ACD690031 CXx700049

solubility
ACC690023 CAX690052
ACCE€9CC3C CAX710023
ACD670026 cCcx6800238
ACDEBCO1S CXX700049
ACD680022 FBL690036
ACD€9CO024 LDA690013
ACD690031 LDA7000 14
ACD7C0024 LDA700015
ACD700038 :

specific Leat : '
ACB680020 CcCX680038
ACDEECC17 EDX640016€
ACDEEBCO1ES FBX640015

- ACD680022 MDB700003

ACD7C0024 NXX630001
CAX690053 S TR

Specific inventory S '

" BFX680009 EFX700016

speciticaticns '
ACE660012 FBX6400 15
EDXE€4C016 GGX670034-

spectrophotometry S
ACD670026 ACD690031
ACD€8C022 ACD700024
ACD690024 ACD700038

Spheres .
ACB680020 ACB70002zZ

sprays

Keyvword Index

stabil

CCX€ECO33
ity

ARX6700CS
ARX670010

ACAE€CCCE

stack

stainl

startu

ACD670026
BGX6TCO45
CAX6.80032
CAX690053
JAB6SCO18
JAB700017
JCX€e<€CO01S

JDX€7C037
ess steels
ACE65C014
ACE660012
ACE660018
ACEE€C021
ACE670028
ACE6EC017
ACE680024
ACE€€C02¢6
P
ACAEGECOCH
ACAG6ECO1C

ACRA660008

stean

stean

steanm

storag

" CLX7C001C

stress

ACAGECO 1Y
MCE650022
cycle
ACR660015
HCX710022
generators
ACBE€ECO2C
ACE690022
ACB6SC026S
ACE700022
ACB71C02¢9
ACE690032
ACE7(C0025%
ACE7CCO038
systeks
AAX67C0C7
ACE660015
ACB€¢C022
IAC660025
IACT7C0O04L7
e

KCE710012

ACAEECCCE
ACE670024
ACD67C02C
ACD670027
ACE€SC0Z2¢
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MCA €80004
MLA€50001
MDA €90002
MEA€90005
MDA 710003
MLB710002
MDC€60002
MDC 700005
NXX€30001

ACE700025
ACE700039
GAX€70033
GAX€80028
GRX 700045
GCX61C002
GFX€60023

- MCC €60005

MCDEY0055
MLA660003
MDA €90005
MLC€80002

TEBET70039

CAX€90053
HCX 710022
IACE€60025
IAC700047
IAC710013
IEB€70039
IBB710015

- NXX630001

IAC700051
IAC710013
IAC710014
IEB710015
JCX€90019

MDA €£€40002

MTA700007

ACE€90032
ACE700025
ECX710011
FEB700031
HCX710022
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stress rupture
ACDETC02¢C ACE660018
ACDET7C027 ACE670028
ACE650008 ACE680017
ACEE€S0014 ACE680024
ACE660012 IAB670043

structures
ACB680020 IAC660024
ACBE€9C022 IACT700047
ACBE€SC02S IAC710013
ACB700036

surface tension
ACD690024 CCX680033
ACD€SC031 cCx680038
ACD700024

surveillance
ACD670019 ACE680024
ACDE€T(CC26 ACE690026
ACDE€8C022 ACE690032
ACD690024 ACE700025
ACDESCO31 FBE670031
ACD700024 FBE690034.
ACDT70003€ FBE7C0027
ACE650008 FBE7 10018
ACEE€SC014 FBX640015
ACE660012 ¥AD69000Y4
ACEE€CO1E MCA660001
ACE670021 MCAS80004
RCEE€7C02E KHCB710012
ACE680017 :

systenms
AAX670008 JAB700017
JABE9CO018 NXX700057

tantalum
ACE650008 GXX680039
ACE7CCO039

technology
ARXETCO003 ABX700054
ABX580001 ACD700024
ABXE8(CC3S ACX640014
ABX690056

temperature nmeasurerent
AAX670008 ACB68002C
ACA€67C023 MAX650019

tensile properties
ACE660012 FRE65001%
ACE68C017 FBE650016
ACE680024 FRE670031
ACE70003¢ ~ FBE670031
EEX690039 FBE6B0026
EBX700042 FBE6S0034
EDX640016 FEE690044
FBBEEC021 FBE7€0027
FEB660022 FEE7 10018
FBBESCO4C FBX640015
FBB690041 FCC710010
FBB70C02E€ FCE710004

Keyword Index -

FBCE€1COC1
FBCE 40017
FEC650017
test tacilities
" ACE680020
ACB6S0022
ACF690029
ACB7(€0022
ACE7C003¢
aCL680015
ACDEE€C022
ACL700038
testing
AC2650004
ACAG6SC01C
ACAG660008
ACD6E7C01S
ACL67C026
ACD680015
ACD6EC022
ACD680023
'ACD6S0031
ACC700024
ACD7(C0038
ACE650008
ACE6E5C014
ACE660012
ACE6€CO1E
ACE670021
ACE€7C02¢€
" ACE680017
ACEEEC024
ACE€SC026
ACE690032
ACE7C002z%
theory , '
MDCESCOC3

thermal conductivity

ACBEECOZO0
ACE690022
ACB€¢C02¢S
ACE700022
ACD6E0022

ACE7(C036

CAX690053

therral ccrvecticr

ACD670020
ACDe7C027
ACL680016
ACE6SCO14
thermal effects
ACB€70024
EBX700041
FBE710017

thermal insulation

AAX67C0C7Y
AC2650004

GAX€70033

GAX 680028

ACE€90026

ACE€90032

ACE700025
GDX710025
HEX€90058
HEX €90059
IAE700059

CLX€70035
EBX€S50039
EEX700041
FBB 700031
FEX€40015
HEX €20006
HBX€90058
HEX 700012
HCX680037
HEX €20007
HIX€60026
HXX €40019
JDX€90060
LCB710007
LHXE€90011
MEX 700002
MCAE€60001
MCB710012
MCC €60005
MILC€60002
MLC700004

CCX€80038 -

CXX 700049
EDXE40016
EXX700048
FBX€40015
NXX€30001

ACE€60012
FBD€90036
GCX€10002
GFX€60023

FCC710010
MLA€20001
MDA €20002

ACB€90022
NXX€30001



#

thermal power
ACBE€€ECO1E
MDB700003

therral prcrerties

ACDE€ROO1E
ACD680022
ACD700038
thermal shield
MAXESCO19
thermal shock
EBX700041
thermodynamics
ACB660015
ACD70C038
thorium
ACC€80C14
ACC680021
ACCES0023
ACC690030
ACDE€7C02¢€
ACD680015
ACDE€8C022
ACD690024
ACD7CCO3E
BAX680006
BAX7CC008

thorium fluorides

ACDETCO1¢
ACD67002¢€
ACD680015
ACDE€RBCO022
ACD690024
ACDE€90031
ACD700024
titanium
FCC690048
tools
MEAELCOOS
- MEB660028
training
ACA650010
MCCE€€CCOE
tritium
ACA 700021
ACB700022

ACB71C026

tubing =
 NXX€3C001
tungsten
ACE®650008
ACEEE6CO1E
ACE690032

two-fluid reactor

AAX670005
AAXETCCO7
ABX€U40004
ACB660009

Keyword Index

MDC660002

EBX7C0041

HCX7 10022
MDB700003

FAX620004

FAX620005

BBX670012
EFX700016
IAA660030
LTA6900 12
LDA690038
LDA7000 14
LDA700015
LJX660032Z
LKX7C0030
FXX690046

ACD7C0038
CAX 680032
CAX690052
CXX700049
LCA6900137
LDA7CO046
LXX7100z¢

FCC690048

MEE680001
MEC70005 3

MCC670044

ACD700024
 TAC710014
NXX700011

ACE700025.

GAX67C033
GRX680028

HBX 670042
TAA660030
IAC660024
IAC66002¢S

ACBBECO1E
ACB670017
ACB670024
ACC6€C01C
BEX670012
uranium
ACC650006
ACC6ECO1C
ACC6700 18
ACC6800 14
ACCE€ECO21
ACL670026
ACD6ECO1E
ACD680022
ACDEECOZ3

uranium fluorides

ACDG6€EC017
ACL670019
ACD677C002C
ACL670026
ACD67C027
ACL680015
ACDEEC022
ACD680023
ACDESQ024
vranium~232
ACD7(0024
LAX6900 10
LAX700013
uranium-2z313
ACA670023
ACA6ECO12
ACAH 80019
ACAESC021
ACA690028
ACC617002¢
ACC&EO0O01Y
ACC680021
- ACD7(€0024
BaX680006
BFX7C€0016
- 1AX690010
uranium-23¢
- ACD670020
ACD7CC024
CXX700049
MCD6ECO1C
MDA640002
MDA650001
MDAGECOC3
utilities
ADX€CSC0¢€3
valves
~ AAX6770007
vapcr pressure
ACD660017
ACDE€7C0Zz6
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IAC700047
IEB67C039
LJX €60006
LJX€70032

ACD€90024
ACD 700038
EAX 700008
LBX €80027
LDA €90012
LIX€70013
LIX€90008
LJX€60006
LXX710021

ACD690031
ACLC700024
ACD700038
CAX €80032
CXX700049
LAX 710019
LGX€50002
LIX€90009

MDA 690001
MEAT00007

LAX700013
MAD 690004
MCAEB0004
MCD 690017
MLAEBOOO3
MDA €90001
MLA€90002
MLA€90005
MDA 700007
MLC700005
NXX€E900u6

MCA700007
MDC €7C001
MECE€70002
MDC 680002
MLCE€80005
MDC €90003

NXX7C€0060

NXX€30001

ACD€B0015
ACD680022
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vapor pressure
*Continued*
ACD70CCO03¢8
CXX700049
vibration
HCX680037
viewing devices
JFXE€EC0027
viscosity
ACDE€€CC17
ACD680015
ACD€£0022
ACD690031
CAX€9C053
void fractiomns
ACBE€7CC17
ACB670024
ACBEBCO2C
ACD690031
CCX€80033
MCD690017
volatility
ACB670017
ACCEECO1C
ACC660016
ACCE7001¢
ACC670025
ACCE€80014
ACC680021
ACDEB001S
volume fractions
ACBE€T7C017
vaste disposal
ACB690029
vastes
NXX700011
weigh cell
AAX670008
welding
ACB€9C022
ACB690029
ACB70C022
ACB700036
ACEEESCO0E
ACE650014
ACE6€C012
ACE660018
ACEE€7C02€
ACE680017
ACE€8C02¢4
ACE690026
wetting ,
ACD680023
"'ACDESC02¢
X-rays
ACE670028
ACEE€80017

Keysord Index

NXX630001

HCX7 10022

JFX670036

CCxX680033

CCX680038
CXX700049
NXX630001

MDA7C0032
MDB700033
MDC 680005
MLCC69000 3
KDC690015
MLC6900 16

ACL680022
ACD69002%
ACD700038
LCA670014
LCA680008
LCA690037
LCC710024
LKX620003

ACB5670024

CLX700010

ACE700025
ACE700039
FBA660020
FBE6E00 1€
FEB660021
FBB66002Z
FBB690040
FBB690041
FBB700028
FEX64001E
GGX670034
MBEX700002

EBX700043

"RACE69002€

ACE690032

ACE680024
X€encn

ACA680012

ACAESCO2E

AC2700021

ACB670017 -

ACE670024
ACE680013
ACB6E8C0O2C
ACE690022
ACDE€C017
Zirconium
ACD6S0024
ACL690031
ACE6€CO1E

zirconium fluoride .

ACD67CO1¢S
ACLC680015
ACD6£0022

ACL6950024 -

ACD7C€0038
CXXx700049
AEC
AEX700055
BFX7C00%6
NXX590002
ARE
ABX580001
Bastellcy N
AEX580001
ACDEECOCT
ACD660017
ACD670020
ACL670027
ACL680015
ACD6E0022
ACL700038
ACEESCCCE
ACE650014
ACE660012
ACE€€ECO1E
ACE670021
ACE670028
- ACE680017
ACEEECO24
ACE690026
ACE6S0032
ACE700025
ACE7C0039
ADX6 40021
CAX6EQ032
CXX700049
FAX€200CU
FAX6200CS
FAX690035
FAX€SCOLS
FBA660020

EXX 700048

CLX €70035
EDX€80031
ELX €90051
IBD€80036
MLAE€70040
HLAE€T0041
MDC €70001
MECE€70002

- ACE€70028

LKX 710001

LAX71C019
LCBE€BOOO7
LCB 710007
LCC710024
LDA 700046

NXX €90057
NXX700058

REX 700054

FEA€80029
FBB 650018
FEB660021
FBB€60022
FBBE€9004O
FEBEIOO04 1
FBB7C0028
FEB700031
FBCS90001
FECE€10001
FECE40017
FBC€50017
FED€90036

FBE€50015
- FEEE€S0016

FBE€60019
FEEE70029
FBE€70030
FEE€70031
FBEE€80025
FEE€80026
FBE€90034
FEE€90044
FBE700027
FEE710017
FEE710018
FBX€40015
FCD710016
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Hastelloy N
*Continueds

HTGR

LMFBR

LMR
LWBR

MSBE

MSBR

FCE690043
FCX690033
FCX70C02¢6
FXX690047
GAX€70033
GAX680028
GCX€8C03C

JDX€9006C

CAX€90053
NXX690057

NXX590002
NXX700060

ARX670003
ACB€8C02¢C
ACB690022
ACBES002¢
ACB700022
ACB70C03€

AAX€7C003
ARX670004
AAX€ET7C00€
AAX670007
AAXE€7CO08
AAX670009
AAXETCO1C
AAX670011
ABXELRCOO04
ABX670049
ABX€BCO3E
ABX690007

- ABXE9COSE
| ABX700054

ABX71002C
ACB660009
ACBE6CO1E
ACB670017
ACB€7C02¢4
ACB680013
ACBE€B8002C
ACB690022

" ACB€9C02¢

ACB700022
ACB70003¢
ACB710029
ACCeeCCI1C
ACC660016
ACCE7C01€E
ACC670025
ACCE€ECO1Y

Keyvord Index

HCX7 1002z
1AB670043
IAC710013
LCB680007
MAD690004
MAX6500 19
MDA680003

NXX7C0060

NXX700058
NXX7C0060

CAX69005¢%
HBX690058
HBX 690059
IAE700059
IEA710005

CAX690052
CXX700049
ECX710011
EDX680031
EDX690051
GDX69004 2
GDX710025
HRX670042
HCX710022
124660030
TAC660024
IAC6600<E
TACT7CO047
IACT700051
IAC710013
IAC7 10014
IAD700052
IAE700059
IBA710005
IBB670039
IBD680036
JAA7 10009

JAB690018

JAB700017
JAB710008
JCX690019
LBX680027
LCA6700 14
LCA6 80008
LCA690037
LIX660006

MSRE

ACCEECO21
ACC690023
ACC690030
ACC7(0023
ACC700037
ADX650063
BAX680006
BBX€7C012
BFX680009
BFX7C001¢
BGX670045

AAX670008

AAX6e7C011

AEX640004
ABX€7C04S
ABX690007
ACA€ES00CH
ACA650010
ACAGECOCE
ACA660014
ACA670016
ACA670023
ACA6EC012
AC2680019

ACA6S0021

ACA690028
ACA7C0021
ACA700035
ACAT710028
ACR7 10029
ACCE=00C6
ACC650012
ACC67C01¢&
ACC670025
ACCEECO1Y
ACC680021
ACC6SC023
ACC690030
ACC7C0023
ACL650011
ACDEECO11
ACL660017
ACDETCO1S
ACL670020
ACD676026
ACE6 70027
ACDEECO1E
ACL680016
ACD6ECO22
ACLC680023
ACDESCCO024

ACL700024 .

ACD7C0038
ACE660018
ACEE€TC021
ACE670028

Page 19

LJX660032
LJX€70032
LKX700030
LKX710001
LXX 700029
LXX700029
NXX'€90002
NXX€900Ub
NXX €90057
NXX700058

" NXX 700060

ACEE€80017
ACE680024
ACE€90026
ACE690032
ACETT00025
CAX710023
CCX€80033
CDX€70035
CEX€40018
CLX700010
CXX €40020
CXX700049
CXX700049
EDX640016
FEB€50018
FBCE€50017
FEE€70031
FBE€90034
FEE700027
FBE710018
FEX€40015
FCX690033
FCX 700026
GGX€ET7CO034
HAX 700050
HBX€20006
HEX700012
HCX680037
HEX €20007
HIX€60026
HXX €40019
128670043

- IaD700052

JDX670037
JEX €50020
JFX€60027
JFX €70036
LAX690010
LAX 700013
LAX710019
LCB€80007

'LCB710007

LCC710024
LHX€E90011
LIX€50023
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MSRE

*Continued#*

LIX670013
LIX€9C008
LIX690009
LKX71C001
LXX710021
MACEBCO34
MAD690004
MAXESCO1S
MBX640003
MBX 700002
MCR66000 1
MCA €80004
NCB650021
MCBE€SC022
MCB660029
MCB€90054
MCB710012
MCC€E6CCOE
MCC670044
MCD€BCO1C
MCD63%0017
MCD€S0055
MCD690062
MCDT70C001
MDA62000 1

Keyword Index

MDA660002
MDA660004
MTDA670038
¥DA670040
KDA670041
MDA680003
MD269000 1
MD2690002
HDA69000¢
MDA700006
MDA700007
MDAT700032
MDA7 10003
MDB700003
MDR700033
MDB710002
MDC6€000 2
MDC670001
MLEC670002
¥DC680002
MDC68000¢
MDC690003
MLC690015
MDC690016
MLC700004

-ESEE

Nak

MDA6200C2
MDA6 30002
MDAGUOOCY

" MDA640002

MDAELCOCE
MDA640007
MDA6ECOCH

AAXETCOCE
AAX670011
ABX64COCY
ARX670007
AAXeCOCSE
ARX670009
ARX67C01C
AEX580001
ABX€400CHY
AEX680035
ABX6<0007
ABX690056
ABX7CCOSy
ABX710020
ACXEUCOCE
ACX6400 14

CAX690053

MDC 700005
MEARELOOOS
MEB€60028
AAX €70008
AAXETCO011
AEX €40004

ACX€50003

ACX €50009
 ACX660007

ACX €60013

- ACX€70015

ACX €70022
ACX€80011
ACX €80018
ACX€90020
ACX €90027
ACX700018
ACX 700034
ACX710027
CXX €40020
TAA €50024
MCDEJ0055

NXX €30001



»

’ ' 197

CATEGORY INDEX

'The category structure used in the MSRIS appears in outline form on
the next three pages, followed by the index. ' .

The significance of the letter X, which does not appear in the outline
but does appear in category designations elsewhere, requires some expla-
nation.’ 7

There are two meanings or uses of the letter X. One is simply as a
"filler." For various reasonsrassociated with the computer, every category
designation, whether it be the primary category‘in the identification num-
ber or an "other category" in the last line of the entry, must have exactly
3 letters. Thus for category N, which is not subdivided, eéery abstract is.
designated NXX. Similarly, all abstracts falling into second-order cate-
gories which are not subdivided have X as the last létter'in their category
designation (ABX700054, for example). _

The other use of X is to denote a general or broad treatment. This
is the meaning if X appears in place of the ietters for eéfablished second-
or third-order categories. To illustrate, MAX690019 is a comprehensive
description of the MSRE design (category MA) which discusses general con-
siderations and embraces information in third-order categories MAA, MAB,
MAC, and MAD,
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SUBJECT CATEGORIES IN MSRIS

A Molten-Salt Reactor Programs

AA
AB
AC

AD

MSRP - Plans and Organizations
MSRP - Technical Summaries
MSRP - Progress Reports

ACA MSRE

ACB Large MSR's

ACC
ACD Chemistry

ACE Naterials

MSR Ac¢tivities Outside MSRP

Salt Processing

Analytical Chemistry

Graphite

EA
EB
EC
ED

Fabrication
Unirradiated Properties
Irradiation Effects
Applications '

B Reactor Analysis

BA
BB
BC
BD
BE

BF

BG
BH

Nuclear Data
Static Neutronics
DynamicF
Thermal%Effects

Activation, Radiation and
Shielding

Fuel Cycle and Economics
Safety

Computer Programs

C Reactor Chemistry

CA
CB

cc
(H))
CE
CF
CG

CH
CI

cJ
CK
CL. Radiolysis

Phase Relations

Thermodynamics and Equilibria
Physical Properties
Rates and Diffusion

Corrosion Reactions

. Fission Product Behavior

Tritium Behavior
Oxide Behavior
Crystal Studies
Surface Effects

Electrochemistry

Hastelloy N and Related Alloys

FA '

FB

FC

Alloys Leading to Hastelloy N
Standard Hastelloy N ‘

FBA
FBB
FBC

Microstructure
Fabrication

Mechanical and Physical
Properties

FBD
FBE Radiation Damage
Modified Hastelloy N
FCA
FCB
FCC

Corrosion

Microstructure
Fabrication

Mechariical and Physical
Properties :

FCD
FCE Radiation Damage

Corrosion

Materials Other Than Hastelloy N
and Graphite

GA
GB
GC

GD
GE
GF
GG

Stainless Steels
Steels other than Stainless

Nickel and Ni-Base Alloys other
than Hastelloy N

Molybdenum and Mo—Base‘Alloys
Brazing Alloys

Other Metals

Nuclear -Control Materials
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Subject Categories in MSRIS

. (continued)

H Reactor Component Development

HA
HB
HC
HD
HE
HF

HG
HH
HI

Core
Pumps
Heat Exchangers

Steam Generators

‘Gas Injection and Removal

Valves _

HFA Freeze Valves
HFB Mechanical Valves
Flanges

Heaters

Other Components

I Reactor Design .

TA

IB

Reactor Plant

IAA Early Molten-Salt Reactors
IAB MSRE

IAC One-Fluid MSBR (Reference

Design)

IAD Other Thermal Molten-Salt
Reactors

IAE MSBE

IAF Fast and Epithermal
Molten-Salt Reactors

Sysfems

IBA Fuel
IBB Coolant
IBC Steam
IBD Gas

IBE Containment

J Instrumentation and Controls

JA

JB
JC
JD

JE
JF
JG

General

JAA Instrument Development

JAB Plant Cortrol

Nuclear Control and Plant Safety
Process

Radiation and Contamination
Monitoring

Data Collection and Analysis
Communication and Surveillance

Electrical and Pneumatic
Systems

K Operation and Maintenance

KA

KB

Operation

KAA ARE

KAB MSRE ‘

KAC Other Molten-Salt Systems
Maintenance

KBA MSRE Maintenance

KBB Other Molten~Salt and
Radioactive Systems
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Subject Categories in MSRIS

(continued)

L Fuel Preparation and Processing M MSRE
LA Salt Procurement and MA Design
Preparation MAA Plant.
LB Fluorination _ MAB Major Component
LC Distillation MAC Instrumentation and Controls
LCA Experimental Basis ﬁAD. Auxiliary Systems and
LCB Engineering Development: Components
LCC Operating Experience MB Construction
Lb Reductive Extraction | MC Operation
LDA Experimental Basis MCA Program
LDB Engineering Development MCB Procedures
LE Metal Transfer MCC Training
LEA Experimental Basis MCD Experience
LEB Engineering Development - MD Analysis
LF Oxide Precipitation MDA Theoretical
LFA Experimental Basis MDB System Performance
LFB Engineering Development MDC Nuclear Performance
LG Adsorption and Reduction - ME Maintenance
IH Salt Purification MEA Principles
LI MSRE Salt Processing MEB Procedures
LJ Plants for Two-Fluid MSBR MEC Experience
LK Plants for One~Fluid MSBR MF Decommissioning
N Miscellaneous
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The Followirg Index States The Category And Gives Feferences
To Fach Article Which Was Keyed To It

ACX

AAX . ACX64COCE ACX€80011
- AAX67C003 RAX670008 ACX640014 ACX €80018
AAX670004 ARX670009 ACX6500C3 ACX€90020
AAX€7C00% AAX670010 ACX650009 ACX €90027
3 AAX670006 BAX670011 ACX6€00C7 ACX700018
AAX€7C007 ' ACX660013 ACK 700034
ABX ACX67C01E ACX710027
ABX580001 ABX700054 ACX670022
ABX640004 ABX70005% ADX .
ABX€T7CO4Y ABX710020 ADX640021 ALX 690063
ABX680035 ACX 6400 14 ADXETCOU6
ABX€9C007 N2X590002 BAX '
ABX690056 NXX 690046 BAX6ECOCE Bax700008
ACA : BBX
ACR650004 AC2680019 BBX67C012 MDA €4C006
ACAESCO1C ACA690021 ¥DA6 20002 MTCE70001
ACA660008 ACA69002§ BCX
ACA€€6CO14 ACA 700021 . JAB6900 18 MLA€60003
ACA670016 ACA70003¢ JAB7C0017 MDA €90002
ACA€7C023 ACA710028 MCA640006 MLC€60002
ACA680012 ' MDAES00C1
ACB BF X
. ACB660009 ACB690022 BAXEECOCE BFX700056
ACBEECCIS ACB690029 BEX670012 MLAET0040
ACB670017 ACE700022 BFX6€EG0CS NXX700057
. ACB€7C024 ACB700036 BFX700016
ACB680013 ACB7 10029 BGX
ACBEECO2( ARX670010 MLAE660004
ACC BGX67C045 MDA €70038
ACCES5C006 ACC680014 MDA6H0002 MLAE80003
ACC650012 ACC680021 MDAEULCOCT
ACCE€ECCIC ACC690023 BXX
ACC660016 ACC690030 AAX6700CS
ACCETCO1E ACC7C0023 cax
: ACC670025 ACC700037 : CAX€€C0132 CAX€90061
ACD : - CAX690052 C2X 710023
’ ~ ACD650007 ACD6800 15 : CAXESCQE3 :
~ ACDESCO11 ACD680016  CBX
ACD650013 ACD680022 : LDA65C012 LDA 700015
ACDEECO11 ACD680023 1LA690038
ACD660017 ACD690024 ccx - o
ACDE7CC1S ACD690025 CAX690053 CCX €800 38
ACD670020 ACDA90031 _ CCX€€C033 '
ACD67C026€ ACD700024 CDX
ACD670027 ACD700036 CDX670035
. ACE CEX
- 'ACE650008 ., ACE680024 CAX6SC0E3 CEX€40018
ACEE€SCC14 ACE690026 CFX
: ACE660012 ACE650032 - ACA7(C003¢ CCX€80033
o ACE€6CCIE ACE7C0025 CJx
\iﬁ ACE670021 ACE700039 CCX6€C033
ACE€7C02¢€ EDX640016 CIX
ACE680017 FBX640015 CLX7C001¢
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CXX

DXX

ERX

EBX

EXX

FAX

FBa

FBB

F8C

FBD

FBE

AAXE7C00S5
ACD650011
ACDEECO1
ACD670019
ACDET7C02¢€
ACD680015

ACD650011
ACDEECO1
ACD670019
ACD€7C02€

ACEEECOO0E

CDXE€7C03S
ERPX690039
EBX70C041

ACE€SC014
ECX710011

ARX670006
ACE€7C021
EDX640016
EDX€8C031

ACE€€EC012
ACE660018
ACE€7C02¢8
ACE680017

FAX620004
FAX€2C0CS

FBAE€€C02C

FBBESCO1E
FBB660021
FBB€€C022
FEB690040

FBB66002 1
FBB 6€C022
FEC59000 1
FBCE€10001
FEC640017
FBC€50017
FBE650015
FBEESCO1€

FAX€2C004
FAX620005
FAX€9003¢S

FBB€9CO4C
FEB690041

Category Index

ACD680022
ACD690024
ACD690031
ACD700024
CXX640020
CXX700049

ACD680022
ACD690024
ACT690031
ACD700024

EBX700042
EEX70004:3

FCX6950033
FECX70002¢€

ECX 690051
FCX690033
FCX70002€

" ACE680024

ACE700039
FXX7C0048

FAX690013S

FAX690045

" PBA680029

FBB690041

FBB700028
FBB700031

FEE660019
FBE670029
FEE67003C
FBE680025
FEE68002€
FBE690044
FEE7100 18

FRX650045

FED69003¢€

FBE710018

FBE680026
FEE690034

FBX

FCA

ECC

FCD

FCE

FCX

FXX

GAX

GEX

GCX

GDX
GEX
GFX
GGX

GXX

HAX

HEX

FBEE€S001S

FBE650016

FBEG6€CO1S
FEE670029
FBE67C03C
FEE670031
FBE€E002S

ACE6500CE
ACE6500 14

FCC700040

FCC690048
FCC€SC04I
FCCT00040

FCL7100 16

FBE690034
FBE7C0027
FBE7 10017

AAX670006
ACE?7C0039
FCX690033

ACE660012
ACEE€ECO1E
ACE6700238

ACE670021
GAX€T0033

. FBDESCO3€

FCD71001¢
GCX6 10002

GLX690042
ACE650008
GFX660023
GGX670034
ACE650014
ACE€€0012
ACE660018
ACEeC02¢
HAX7C00EC
HBX€2C0C6

HEX670042
HBX6S00CE

‘FBEE€9004Y

FEE700027
FBE710017
FEE710018
GAX670033
GAX €80028

- ACEE€7C021

FEX€40015

FCC700044
FCC710010
FCE710004

FEE710018
FCE€90043
FCE710004

FCX 700026
FXX69C047

ACE€80017
ACE€80024
FXX €90047

G2X €80028
GAX700045

GCX€80030

GLX 710025

ACEE80017
ACEE€80024
ACE700039
G XX€80039

HBX€90059
HEX 700012
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HCX

HDX
HEX
HFX
HIX
HXX

IARA

IAD

IAE

IAF

IBA

IBB

IBC

I8D
JAA
JAB

JsX

JCX

JDX

JEX

FBB650018
HCX 680037

HCX71C022
ACB710028
HPX€20007
HIX6€E002€
AAXETC007T
IAA 650024
IABE€7C043

ACB€60015

ACB670017

ACB€7C024
ACR700036
TACE€€C024

ACBE€80013
ACB680020
ACBE€9C022
ACB690029

ACB710029
ADX640021
ADXE€7C0uE
IAF670047

IBAT710005
MDAETCCLU(C

IBBE€7C036

IBBETCC3S

IBDEECO3E

"JAAT1C00S

JABESGCO1E

JABT700017

JAB710008
MACE8C034

JCXESCC1€

JDX€7CCG37
JDX690060

Category Index

HCX7 10022
IBA710005

IBD680036

HXX640019
IAA660030
MAX650019

IAC660025
IAC700047
IAC700051
IAC71001:3
IACT710014

ACB700022
ACE7 10029
IAD7C0052
IAE700059

TAF670048
IAF690014

MDA67004 1

IBB710015

JDX65006C

JAB710008

JCX6S0019

'HDA6ﬂ9007

MCD690062

JEX

JXX

KAB

KBA

KBB

LAX

1BX

ICA

ICB

I1CC

IDaA

LDB

LDX
LGX

LHX

IIX

I1JX

JEX650020
JFX660027
AAX670008

ACA650004
ACA6ECO1C
ACA660008
ACAGE0014
ACA670016
ACAE€7C023
ACA680012
ACA6€E001S
ACA690021
ACA65C02E

ACRE€COCE
ACA660014
ACRETCO1E
JFX6 60027

AAX670011

LAX690010

LAX7(C013
LBXEE0027
ACCET0025
ACL660011
LCA67C014
LCB6E0OCT
LCC710024
ACD6ECO11
CAX680032
LDA6SC012
104690013
GDX710025

1XX700029

LGX650002

ACA680019

ACCE500CE

LCC710024

LIX650023

LIXETCO013
|

ACC€ECO1C
ACC660016
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JFX€70036

ACAT700021
MCA 660001
MCAEB000U4
MCB 690054
MCDE€BOO10
MCD€90017
MCD€S0055
MCD700001
MLC€80002

JFX670036
MEA€40005
MEB €60028
MECT700053
KEB€90006

LAX 710019
LIX690009

LCA €80008
LCA€90037

LCB710007

LXX710021

" LDA€90038

LLCAT700014
LDA 700015
LLA700046

LXX 710021

ACC€50012
LHXE90011

LIX€90008
LIX €90009

LJX€6C006
LJX€60032
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LJX

*Continued*

LKX

LXX

MAA

MAB

MAC

MAD

MAX

MBX

HMCA

MCB

¥CC

ECD

LJX670032

ACC690023

ACC7C0023

LKX620003

LXX660031
LXX70CC2¢

IABE€70043

LIX650023

HBX620006
HBX 700012
HCX680037

JDX670037

JEX€5C02C

HXXE4001S
MAXESCO1S

ACCESCOO0E
MAD690004
MBX€4CO03

MCAEECCO1

MCB€50021
MCB650022
MCBEECC2¢

MCCE6CCOS

ACCE€ECO12
ACD650011
ACDEECC1
ACD670019
ACDE€7C02¢€
ACD680015S
ACD€80022
ACD680023
ACDEJCO24
ACD690031
ACD70C024
LAX690010
LAX70CC13
LIX690008

Category Index

LKX620003

-LKX700030
LKX710001

LXX710021
LXX710026
LTX670013

HFX620007
MBX640003

MAC680034

MAD690004

MBX7C0002

MEX700002

MCA680004
MCB690054
MCE7 10012
MCC670044
MCD68001C

MCD690017
KCD690055

MCre90062

MCD700001
MCE70003:3
¥DB710002
MEC680002
MDC680005
MLC690003
BDC690015
MLC6900 1€

'MDC700004

MCC70000%

¥DA

EDE

MCC

EDX

FEA

EEB

MEC

FFX

EXX

NXX

LIX6<COCS

MDA62000C1
MD 4620002
MDA62COC2
¥DA640001
MDA6U4COC2
MDA640006
MDRELCOCT
¥DA650001
MDAG6€COCI
MDA6 60004
MDA6CO3E

MCDESCOE2
MDE700003

¥DA660003
MDATC00CE
¥DC660002
MDC€700C1
MLC670002
MDC6E00QC2

ACAE€7C023
ACA680012
ACA6EQCO1S

MEA6L00CE

JFX6€C027
MEA640005

ACA670023
ACA6€0012
4CA680019
ACA6¢0021

ACA71002¢

ACRESCOCH
ACR650010
ACAGECOCE
ACA660014
ACA67CO1E€
ACA670023

NXX590002
NXX€zCOC1
KXX690046
NXX6SCOE7

MDA 670040
MLAE70041
MDA €80003
MTA€90001
MDA E90002
MLA€90005
MDA 700006
MLA700007
MDA 700032
MLA710003

mDB 700033
MTB710002

MLC€B0005
MDC€90003
MLC€90015
MDC €90016
MLC700004
MDC 7C0005

ACA€90021
ACA€90028
ACAT700021

MEC 700053

MEB€60028
MEBE€BOOO1

ACA€90028
MCD 700001
MEC700053

MFX7C0020

ACA€80012
ACR€80019
ACA€90021
ACA€90028
ACAT700021
ACA700035

NXX 700011
NXX700057
NXX 700058
NXX700060

(N
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Personal Author Index

Page 207
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