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INTRODUCTION

This is the first of a series of quarterly progress reports to be pre-
pared covering the ressarch and development activities performed or sponsored by
APDA in support of the Enrico Fermi Atomic Power FPlant, The design and engineering
work for that plant is not covered in this report,

It must be recognised that vork bas been carried on since 1951 on the
liquid-metal-cooled fast breeder reactor,\ consequently the background information
‘herein is sketchy, However, in preparing this report, an attempt wvas made to
present sufficient bnckgmd on the items reported so that these items would be
meaningful, It is intended that background information will be given with each

new item; however, such information genonl]y will not be repeated in subsequent
reports on the same item,

"It is expected that a complete dezoription of major research and de
velopment prograns and the detailed results therefrom will be contained in APDA
topical reports or in articles prepared by APDA staff members for publication in
the scientific and technical press, Reference will be mads to such reports when-

ever possible in order to avoid repeating the information in these quarterly re-
ports,
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mc:.m'n_ ENGINFERING

Most of the APDA effort in nuclear engineering during this period in-
volved no research and development; effort was primarily devoted to the calcula-
tions and the checking of designs for facilities to be incorporated into the
Parico Fermi Atomic Power Plant, The work is reporied because of its possidle
interest and because it presents background information,

SHIELDING

The shield system for the Enrico Permi reactor is composed of a primary
neutron shield oonsisting of steel, graphite, borated graphite, and carbon block;
a secondary shield of stesl and concrete io prevent secondary coolant activation;
and a bological shield of concrete to reduce the final dose level to 30 mr par

LO-hour week in areas of the reactor building that will be inhabited during oper-
ation,

‘ A rotating plug forms the top closure of the reactor and supports the
control mechanisms, fuel handling mechanisms, and fuel subassembly hold-down ape -
paratus, This plug is designed to consist of alternating layers of steel, borated
steel, and borated graphite, In an attempt to reduce the price of this piug, esti-
mates were prepared on an alternate design in which a mixture 5f ferroboron and
carbon was used to replsce the boron steel and borated graphite, This estimate
showed that the ferroboron—carbon mixture was about one-third as costly as the
solid heterogeneous scheme, Howsver, the uninown characteristics of the ferro-
boron-carbon mixture, particularly in respect to segregation due to vibration and
shrinkage, led to the decision to retain the present design, Considsration is
being given to a ressarch program directed toward answering these problems, s.nce

the ferroboron mseems to have the potential of allowing considerably reduced
shielding costs,

A report, KILX-1782, "Inert Gas System Hazards Analysis," was received
from Vitro Corporation of America as a result of work performed by them under ocon-
tract to APDA, That report summariszes the problem of activation of the inert cover

gas over the sodium system and proposss gas system designs capable of effsctively
handling the protlem, -

The design of the secondary shield received considerable attention,"
The total heat generation in this shield due to gamma absorption is about 100 kw,
The deeign consists of 30 inches of reinforced concrete faced on the inner (reso-
tor) side with steel thermal shields which vary in thickness from 0,5 to 2,5
inches, depending on the proximity and intensity of the radiation sources, These
thermal shields o‘;lre designed to reduce the gamma energy flux at any concrete sur-

face to 2,1 x 1010 nev/cn?/sec and the maximm tempersturs of the concrete to
200 P,

It has been found that if the lower reactor compartment atmosphere is
cooled to 90 F, natural circulation of this atmosphere up through the gap betwesn

the concrete and the steel thermal shield results in adequate cooling to maintain
the 200 F limitation,

Battelle Memorial Institute has made a atudy of the primary shield for
the Enrico Fermi Reactor in which temperature distributions, irrsdiation effects,
stacking arrangement, voidage, and economics for the borated graphite shield were
investigated, A report describing this work was issued as BMI-APDA-622,
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In conjunction with the secondary shisld cooling study, an estimate was
prepared of the expected total heat generation within the lower reactor compart-
ment, This total was found to be about 1,7 x 10° Btu/hr, of which 60% was due
to absorption of neutron and gamma radiation and 4LOK was due to heat loss into
tho uzlon from high temperature piping and other components,

REACTOR PHYSJCS

‘ In oonjunotion with the development of economical fabrication procedures
for the fuel subassembliss, estimates wers prepared of the amount of core material
which can be safsly handled as a unit from the standpoint of criticality, It was
found that for the 255 enriched urenium 10 w/o molybdenum fuel material, the
spherical ocritical mass for a well-reflected assembly is 200 kg of total material,
This figure was obttained from diffusion theory and transport corrections and
agrees with the fregmentary experimental svidence, In the absence of moderating

materials, this amount sppears to allow oconsidereble trudon for the fabricationm
process,

Estimates have bsen made of the effect on plutonium production of ale
loying the breeder blanket, It has been found that if molybdenum, the core al-
loying material, is also used in the blanket, a reduction in conversion ratio
occurs equal to 0,012 for each weight per cent of Mo in the blanket, The econoamic
loss from this reduction in Pu production appears to be mare than offset by ine

creased blanket lifetime, concomitant with the increased radiation stability due
to the Mo additien,

.8ince soms consideration has baen given to the use of tantalum as a fuel
clldding material, estimates of the effect of Ta on eritical mass and conversion
ratio were carrisd out using the scanty cross-section data available and filling
the omissions with thsoretical predictions, It was found that replacement of the

sirconium clad with tantalum reduces the conversion ratio by nearly 10f and in-
oreases the critical mass a like amount,

A large number of multigroup-multiregion physics calculations were
completed both in connection with the above-mentioned studies and with routine
investigations into other aspects of the design,

REACTOR CONTROL AND KINETICS

'APDA is furnishing the technical direction for a program at the Holley
Carturetor Company covering the analyses of the transient characteristics of the
reactor, primary coolant system, intermediate coolant system, and steam system,
This work is being performed under contract to PRDC, Holley completed most of
the early phases of the study which consisted of preparation of a detailed math-
ematical model of the plant and detailed analysis of the steam components, Prep-
aration of analog and digital computers for the actual oversll analysis was begun,

APDA prepared a detailed outline of the reactor pcwer limiting system;
and, based on this outline, Bendix Aviation Corporation has started work on the

simulation studies and design engineering required to eastablish control and ine
. Strumantation specifications for the required equipment,
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. AFDA ccapleted preparation of a simulator representation of the EBR-I
blanket heat transfer situation, A number of simulator runs vere made in the
continuing effort to provide a rational explanation of the dynamic oscillations
observed in EBR-I,

Under oontract to APDA, Nuclear Development COorporation of Amsrica cone

tinued investigation of the course of supercriticality accidents caused bty reso-
tor core melting in the hypothesised absence of sodium,
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MATERIALS

FISSIOMABLE MATERIAL STUDIES

Radiation Stability -~ This program covers the dimensional stability of
reactor materials when exposed in miclear radistional fields, Uranium binary
alloys, ternary alloys, and certain matrix elements or compounds are being in-
vestigated,

The reference fuel alloy, U-10 v/o Mo, has been irradiated to burn-ups
comparable to that expected during plant operation, Preliminary tests have al-
ready been mads beyond 1 a/o burn-up, Proof tests are under way to reach burne
ups of 2% and 3%, The radiation stability program has included tests on fuels
irradiated at ocontrolled temperatures, '

The APDA irredistion progrem from 195L to Jume, 1957, is described and

evaluated in report APDA-122, "The APDA Irradiation Test Program on Selected Muel
Alloys,*

Corrosion Tests - This work includes operation of forced circulation
sodium loops under Isothermal conditions for both short and long-time corrosiom
tests on full-length fuel pins and a seriss of fusl pin samples, At Babcock &
Wilcox, 21 sirconium~ilad fuel pin specimens with welded, swaged, and pointed end-
closures sxhibited no 4orrosive attack after a 1000-hour exposure to flowing
sodium at 1000 F in a corrosion test loop, A tantzlum=-clad fuel pin without end-
closures behaved similarly, A metallurgical examination was begun on each speci-

men to determine the extent of sodium penetration, if any, at the pin end-closure
ares, )

.

Heat Treatment Effects - At General Motors, a program to evaluate vari-
ous procedures lor production heat treatment for the reference fusl element was
essentially completed, This program covered the investigation of heat treatments
in vacuum and inert gas atmospheres with the evaluation being based on micro-
structural and physical sxaminations, Results of this program were as follows:
(1) a satisfactory metallographic structure is obtained on sirconium-clad U-10%
Mo alloy heat treated for 1 hour at 800 C in either vacuum or argon atmosphere
and slow cooled from 800 C to 200 C, and (2) the uss of vacuum during this heat
treatment rather than purified argon results in less embrittlement and oxygen
contamination of the sirconium clad, Effects of post~fabrication heat tresatment
on radiation stability of the U-10% Mo alloy is currently being tested,

Evaluation of Fuel Fabrication Processes - Reference fusl pins in vari-
ous stages of Tabrication -- as-extruded, partially-swaged, and fully-swaged --
were examined motallographically at Generel Motors, Pins produced by both Babeock
& Wilcox and Nuclear Metals wers included in this study, Observations made during
this work were as followss (1) in all stages of fabrication, pins prodnced by
B appeared to be mors nearly homogeneous than pins produced by NMI, (2) the
whorl pattem observed on fully-swaged B pins was not evident on as-extruded
or partially-swaged BAW pins nor was it evident on any of the NMI pins, Fully-
svaged B4 pins rerresent a 73% reduction of area, whereas fully-swaged NMI
pins represent a 48Y reduction of area, The effect of fabrication variables on
radiation stability is currently being evaluated by radiation tests,
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Metallurgical examinations of fuel pins have bean carried out by Detroit
Edison, A report on this subject, EL & RD 57BS2-1, entitled, "Metallurgical Ex.
amination of Three Uranium-10 Weight Per Cent Molybdenum Fuel Rods ¢6 Determine Cone
formance to APDA Specifications," March, 1957, has been published,

Thermal ?%% Tests - At Battells, 2 cermet specimens of U02-10% Mo-U
were the cy ween 100-700 C, After 10 cycles, run in a li-day
period, no changes were noted during preliminary examination, Although the spe-

cimens were not visably affected, analyses of the NaK to determine both soluble
-and insoluble particles, as well as MoOp; formation, are in progress,

STRUCTURAL MATFRIAL STUDIES

Corrosion Tests - Previous test work was directed mainly toward the Type
18-8 austenItic steels, These initial tests indicated a need for test rigs clossly
duplicating actual operating conditions, and the economics of structural materials
indicated the need to investigate steels other than the Type 18-8 stainless steels,
In a test at General Motors that was designed to evaluate the effect of a water
leak into the sodium system, specimens of stainless stesl and 2-1/l Cr-l Mo steel
were exposed to molten sodium containing up to 6% NaOH, The test results showed:
(1) uniform corrosive attack on the Type LO3 stainless steel, and (2) no attack
on the Typs 304 stainless steel or the 2-1/L Cr-l Mo ferritic steel, The speci-
mens were exposed at temperatures ranging between 750 F and 950 F in thermally
circulated sodium, It is anticipated that an additional 6-week test will be.
started with 6% NaOH concentration and with temperatures ranging between 550 P
and 850 F to confirm results previously obtained,

Self-Weld Studies - A number of ferrous and nonferrous materials have
been tested Tor galling and self-welding tendencies while in mutual contact under
pressure in liquid sodium, The program is a continuation at Allis-Chalmers of
test work on selected matorials with the desired properties,

A plain carbon-stesl, which is used as a standard for rating other
steels for machinability, did not gall against Type L7 stainless steel under
unit pressure loadings of 1000, 2500, 5000, and 10,000 psi in sodium at SO0 F
to 1000 F, The surfaces of both metals were polished as a result of the teat
and were only slightly deformed, Hard-surfaced specimens of nitrided Type 347
stainless steel, post-heat-treated to relieve intemal stresses and provide a
more ductile surface, were tested in sodium with pressure and temperature loadings
to 10,000 psi and 1000 F, The surface-treated specimens underwent no wear or
self-welding when hand rotated against thesmselves and against bare Type 30L staine
less steel, These tests substantiated the suitability of nitriding as a means to
prevent wear, as indicated by several previous tests,

Effects of Irradiation - AFDA is cooperating with Argonne Kational Lab-
oratory in the examination of the stainless steel hexagonal can that surrounded
the core of EBR-I during its lifetime, The purpose is to obtain additional ine
formation on the effect of irradiation of stainless steel, particularly from fast
neutron exposure, Projected tests, which will be done by remote contivl, inci ‘s
room temperature and hot hardness tests, tensile tests, and tests to determine
the effects of isothermal anneals on tensile strength and hardness,

gsx Lubricant mat;_.‘t_tgs = In an effort to avoid the galling and self-
welding tendencies o metals in direct contasct with each other in dry gas

“f -
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or sodium-vapor atmospherses, self-lubricated surface ooatings are being studied,

During preliminary tests at Allis-Chalmers, two Type 3OL stainleas steel specimens
that were coated with boron nitride in a nickel matrix suffered some galling when
tested against sach other at 500-800 F in an argon ataosphere with a unit pressure

loading of 1000 psi, One specimen had a 10f EN~90% Ni coating and the other spe-
cimen had a 20% BN-80% Ni coating,

Cgreuibmtz of Gra%ita and Carbon - Restraint-compression tests on
carbon an e ware perforame o on at a maximum pressure of
75,000 psi to determine the shuck absorbing qualities of these materials, Both
materials behaved elastically, with graphite being more elastic than carbon or
pine wood that was used merely for comparison, Since increasing load rates from
.025 inch/min to 0,25 inch/min decreases deflection by 20%, dynamic tests on the

same materials are planned, .Tests are also beéing expanded to cover low density
materials, ‘

PUBLICATIONS

A paper entitled, "Designing and Fabricating the APDA Kuclear Reactor
Vessels," wvas presented before the American Welding Socisty in Phihdolphia on
April 9. 'This paper, prepared jointly by AFDA and Combustion Engineering, de-
scribes the design considerations, welding procedures, and material selection
for the Enrico Fermi reactor vessel,

A paper entitled, "Effect of Heat Treatmsnt and Bumn-up on the Radiae
tion Stability of 108 Mo-U Fuel Alloys," was presented jointly by APDA and Battelle
at the annual meeting of the American Society for Testing Materials in Atlantie

City on June 20, This paper contains a summary and evaluation of ths results of
the APDA-sponsored irrediation progrem at Battelle,
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FUEL ENGINEERING

FUEL PINS

Fabrication - The fusl pin to be used in the Enrico Fermi Reactor i3 a
coextruded, metallurgically-bonded, zirconium-clad pin with a 0,00k-inch eclad,
The pin 13 cold swaged to its final diameter of 0,158 inch, is 30,5 inches long
before end-capping, and contains a U-10 w/o Mo alloy, Roemch and development

work is being done at both Nuclear Metals and Bnboock & Wilcox on the fabrica-
tion of these fuel pins,

Bd-Ca - Development of end-caps for the fusl pin is baing done at

Battelle Memor jtute and Nuclear Metals, At Battelle, an inert-gas-shielded,
tungsten-arc weld was used to seal a mechanically-locked end-cap, Owing to the
thin wall of the cladding and the fuel pin manutacturing tolerances, high quality
welds were not attainable; therefore, this effort was discontimued, Attempts were
also made to seal the extrems tip of fuel pins that had been swaged to a point,
Inert-gas-shislded, tungsten-arc welding was tried on specimens that had tirconium
vire inserted in a drilled hole at the point, However, the core matal alloyed

with the sirconium, causing uranium to appear at the surface; therefors, this
method also wae discontinued,

Attempts to seal the extreme tip of pointed fuel pins by dipping them
in molten sirconium proved to be unsuccessful, Mstallographic examination indi-

cated that alloying takes place, allowing uranium to appear at the surface, Also,
the bond at the seal is not satisfactory,

At Nuclear Metals, additional specimens of zirconium-clad fusl pins were
swaged to a point in an effort to seal them by use of swaging dies that were al-
liptical or parebolic in shape, Preliminary results were no more promising than
earlier swaging efforts using cone-shaped swaging dies, Further specimens will

be pointed with the existing dies, and a more complete analysis of the process
will be made,

3ince it is not economically feasible to fabricate a fuel pin that is
hermetically sealed, it was necessary to calculate the maximum gap that could be
tolerated for an end-cap which is mechanically locked to the ends of the fuel
pins, This gap is the annular space between the outside diameter of the pin and
the inside diameter of the end-cap after the end-cap has been swaged onto the
fuel pin, The basis for this calculation was: (1) coolant entering the reactor
at 550 F and leaving the core at 1015 F, and (2) a design limitation of 1300 F
was used for the cantral metal tmpenture of the hottest fuel pin, It was found
that the core alloy will not reach the hot spot design limitation of 1300 F at
the anchor end of the fusl pin if the maximum gap between the pin and s Type 304
stainless steel cap is 0,0005 inch, even if the gap is filled with only low con-
ductivity fission product gases, ﬁ‘nrthcmon, it vas found that the gap can at-
tain a thickness of 0,0007 inch if a girconium end-cap is used instead of a
‘stainless steal end-cap at this point, It was found that a maximum allowabls gap
thickness of 0,005 inch and a sirconium end-cap may be necessary at the hot, ar

outlet, end of the fuel pin in order not to exceed the 1300 F hot spot design
limitation, '
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MELT-DOWN STUDIES

A progrsm at Nuclear Metals is being carried out in which the integrity
of the sirconium c¢lad of the fuel pin is observed when the uranium alloy is heated
above its melting temperature, Single-pin melt-down tests were ecncluded with the
‘tasting of an additional 11 fuel pins having a clad thickness of 0,010 inch; 2
total of LS single-pin tests was conducted, Results showed that, in general, o
hesvier the clad material, the longer the pin will contain molten fusl alloy, It
was also found that tantalum and sirconium spacer wires betweem pins do not lead
to early failure, whereas stainless steel spacer wires do because of the resulting
low-temperature Fe-Zr eutectic, The experiments demonstrated that die marks or
other surface defects or impurities also cause early failure,

STRESS-STRAIN DATA

Stress-struin tests at elevated temperatures were run at Nuclear Metals
on sponge sirconium specimens which had a redustion in area by extrusion and by
swaging equivalent to that of the sirconium-clad, reference design fuel pins,
The heat-treated specimens were pulled at tuporutma of 250 F and 500 ¥; ad-

ditional specimens will be pulled at 750 F and 1000 F, The data obtained is
being analyzed,

THERMAL CYCLING

Since oyclic temperatures which result from normal start-up and shut-
down operational procedures could cause premature fuel pin failures, a thermal
cycling test program is being carried out by Detroit Bdison, Two possible mech-
anisms of fajilure are breakdown of fuel pin cladding by rubbing action of adjacent
spacer wires and sevare bowing of the fuel pins that will block off coolant flow
passages, One thermal cycling test on a single sirconium-clad, reference fuel

pin has been completed, The pin, which was supported laterally by spacer wires
so that both the effscts of thermal cycling on a reference pin and the rubbing
effects of the spacer wires on the sirconium cladding could be detemined, wvas
‘subjected to 25 thermal cycles in hot sodium between 225 F and 1400 F, Pre-
liminary examination showed no evidence of dimensional changes, distortion, or
surface damage at the point of contact with ‘the spacer wires, Plans were made
to thermal oycle a cluster of nine reference fuel pins fabricated by Babcock &
Wilcox and Nuslear Metals; heat treatment, surface preparation, and end-capping
will vary on the different specimens, Such a test will determine whether any of
the variables considered will result in a particular pin exhititing superior be-
havior under themmal cycling, The fuel pins for this test are now being fabricated,

Two reports have been issusd on thermal cycling tests by Detroit Edison:
EL & RD 5630 "Thermal Cycle Test of an APDA Puel Pin,* dated January, 1957, and

ELS& RD 57C05-1 *Thermal Cycle Test in Sodium of an APDA Fuel Pin," dated June,
1957,

HYDRAULIC TESTS OF CORE AND HLANKET SUSASSEMBLIES

Before the design of the core and radial blanket subassemhlies for the
Enrico Fermi Reactor could be frozen, it was necessary that hydraulic test date
be made available to determine the head losseu, overall pressure drop, velocity

#
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distribution, mixing effects, mechanical rigidity under dynamic fluid forces, and
orifice sizes, Both analytical and experimental work is being done at the Ingi-
neering and Researcl. Institute, University of Michigan, on this program, Pressure
drop data from hydraulic tests on a streamlined core subassembly showed that the
loss through the inlet nossle, transition zone, lower blanket, upper dlanket, and
handling lug, excluding the core ssction, amounts to 27,7 psi at rated flow, The
reduction of the losses as a result of streamlining the internals of the sube
assembly amounts to 16%, Two reports descriding these tests that were published
by the university are, "Tests on Models of Nuclear Reactor Klemsnts® - I, Head

Losses in Blanket Subassembly, ERI 2431-1-P, March, 1956; and II, "Studies of Dife

IRRADIATION OF FUEL PINS

In addition to radiation test discussed earlier, two separate irradiation
programs have been initiated to determine the irradiation stability of reference
size fuel pins and to determins the irradiation stability of L9=pin asseablies that
have hardwars and fuel pin spacing, length, and diameter similar to that in the
reference llli~pin subassembly of the Enrico Fermi reactor, The fullelength pins

will be irradiated in the CP-5 reactor at ANL and the L9~pin assemblies will be
irradiated in the SRE at Atomics International,

The first full=length fuel pin containing enriched fusl alloy that was
fabricated for irradiation in the CP=5 reactor was sent to Babcock & Wilcox to be
encapsulated, The spparatus which was designed to sodium bond the reference APDA
blanket rods was used to NaK bond the irradiation specimen to the finned capsuls,
Babcock & Wilocox also installed a number of thermocouples on the capsuls, After
encapsulation, the pin was shipped to ANL and inserted into the specially con-
strected in-pile closed loop whers it will remain until 1% total atom burn-up is
obtained, A second closed loop for irradiating APDA reference~design fuel pins
is under construction and is 75% complete, The fuel pin specimen for this second

loop is already fabricated and is scheduled to undergo an irradiation to 1f total
&tom wmeup,

CORE~I1 PROORAM

The APDA Core~II program has progressed under contract with Battelle
Memorial Institute since September, 1956, A major cbjective of this five-yesr
design and develomment program is to provide an improved fuel system for the
Enrico Fermi Reacter, The initial program consists of an evaluation and design

study to determine the most promising fuel system to develop in order to meet
theses objectives,

The selection of fuel materials for Core-Il was reduced first to four
general types and subsequently to three types by Battelle, The three systems to
ve subjected to concentrated economic analyses and detailed design studies are:
(1) U-10% Mo alloy plates metallurgically bonded to zirconium clad, (2) stainless-
steel-clad pins containing U0, or UG, dispersed in sodiun, and (3) sirconimm-clsd
cermet of U0, dispersed in U.10% Mo alloy plates, The fourth system that was con-
sldered but was subssquently dropped because a breeiing ratio of less than unity
would result within the Core~Il design ground rules was a stainless-steel-ulad
cermet of U0; dispersed in a stainless steel matrix,

» Calculations of the Doppler effect in cermet fuels for a fast reactor
indicate that the UO» portion may be fully enriched in a U-238 alloy matrix for

-“12 w
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pn'ticlns 40O microns in size or smaller, Since the minimum U-238 to U-235
ratio that will be permitted in the Enrico Fermi Power Plant reactor for inti-
mtoly nixed fuel has been fixed because of reactivity cosf{icients, Battelle was

attempting to determine by heat transfer analysis whether this retio was to be

maintained on an atom basis or on a particle basis, The conclusion was that the
ratio could be maintained on a particle basis,

‘During the evaluation and design etudy to determine the nost promising
fuel systems, alloys of niobium and zirconium were also considered, It was de-

termined that, for equivalent effects on breeding ratio, sirconium contents inm

fael alloys as high as LOX to 50£ by weight could be tolontod while molybdenum
and niobium were limited to 10 to 15% by weight,
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REACTOR VESSEL DESION

ROTATING PLUG FRARING TEST

At Franklin Institute, a scale mock-up of the bearing for the rotating
plug was loaded and is being rotated under high temperatures simmlating the oper—
ation of the plug under nonmuclear reactor operating conditions, The purpose of
the test is to determine the best lubricant for the bearings, A report on this
test is expected by the end of the year,

COMPATIEILITY TESTS

At A11is-Chalmers, compatibility tests are basing made on core subassembly
noszle to determine (1) vhot.her the cletrances betwesn the noszle and noszle
sleeve and between the noszle slesve and support plates are adequate, and (2) the
compatibility of materials used in the nozzle, sleeve and plates, A description

of these teats and the results therefrom are contained in Allis-Chalmers Report
“0. Am’STZBO
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TEST OPERATIONS

NaX-WATER REACTION TEST

Introduction = Two years ago tests were started to study the reaction
of NaK and water under conditions simmlating a tube rupture in a steam generator

for the initial steam and NaK conditions expected in the Enrico Fermi Plant, The
atudy vas divided into two phases:

{
Phase~I - Fundamental tests of a 0,5-inch-diameter leak of water into
WaX with varying amounts of inert gas expansion volume in the Nak

system, The NaK system was a "oclosed" system, having no pressure
relief,

Phase~I1 - Tests of a 0,S5-inch-diameter tube rupturing in the center of

' =tube heat exchanger tundle, This test embodies variations in
the “closed" sy=tem concept with inert gas volume and the "open"
system equipped with a low-pressurs relief to atmosphere,

The Phase-I tests were completed prior to April 1957, and a report on these tests
is in preparation,

Phase~II Tests - At the conclusion of the first three runs of Phase-lI,
made prior to April, in which ruptures of a steam generator tube were simulated
in a seven-tube hnt exchanger, there was no visual svidence of damage to adjacent
tubes, Runs four through seven were made with considerable difficulty due to

poor NaK flow and to the valve stem freezing in the packing gland of the trigger
valve because of the formation of NaX oxide,

The BaX pump was reinstalled in the loops, and Runs 8, 9, and 10 were
attempted with forced NaK circulation, This pump is a machnnical pump, and con=
siderable difficulty was expsrienced with the packing gland,

The 3/B=inch inertia line and volume tank at the top of the loop were
replaced with a 15~foot length of 1-1/2-inch pipe, This pipe terminates at a
rupture disc located ocutside the building, The total gas volume of the top seo-
tion is still 100%, A new tute bundle was installed in the heat exchanger with
modifications made to the center rupture tube to provide more rigid construction
and, thus, a more effective seal, A new gas drier bubbling system was fabricated
and inst iled at the test site to dry the nitrogen gas used during testing,

SODI1UM-WATER REACTION TEST

A series of tests is planned on a seven-tube, bayonet-type bundle so
that Na-HpO reaction information can be obtained for this type of steam generator,
The design of the tubes and the shell, which will accommodate a 17-tube bundle,
has begun, The initial Phase-II NaK-water tests on small diameter tube bundles
ware made on the basls that the shell and liquid metal piping be designed to with-
stand the “closed" aystem reaction pressursj the new “open® system test equipment
will incorporate a 24" diameter low-pressure relief diaphragm on the shell in an
sttempt to limit the shell and sodium piping design requirements to relatively
low pressure values, Since the relief system may result in 200 pounds of sodium
mixed with water being ejected into the test pit, exploratory tests are being
made in the pit to determine whether quantity discharges of reaction products can
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be handled without undue danger or damage to the equipment, These tests consist
of pouring molten sodium at 600-900 F into water in the hottom of the pit and re-
cording, by photography and inspection, the results of the reaction, Three ex-
ploratory tests have besn completed as followss (1) 15 pounds of sodium at 800 F,
(2) 38 pounds of sodium at 7LS F, and (3) 50 pounds of sodium at 7.0 F, Photo-
graphic results are not ccopleted, but inspections indicate that enough data was
obtained to sssure proper safety precuations for the tube-bundle tests,

STEAM OENERATOR TEST

Introduction - The primary purpose of the steam generator test is to
prove the TeasIbIIIty of a once-through, shell-and-tube steam generator having
2 liquid-metal heat source for uss in a nuclear power plant, Erection of equipe-
ment for this test was completed at the APDA test site in Detroit Edison's Sibley
Quarry in August, 1956, and steam was first generated the following month, The
steam generator under test, having water and steam inside the tubes and NaX in
the shell, is a hairpin-type, 1000 kw heat exchanger containing a bundle of 7
stainless tubes, sach of which is approximately 0,5 inch 0,D, and L8 feet long,
A description of the equipment employed in this test and testing program has been
published as ASME Paper No, 55-A-189, "Test Of A Once-Through Steam Generator
With A Liquid Metal As A Heat Source," Steady state tests at 25%, 50%, 75%,
100%, and 120% full load were completed prior to April, 1957,

Transiet Tests - A series of transient tests was run in which load
changes of from 5% to JU% during time intervals of from 5 seconds to 3 minutes
were imposed on the steam generator, After a series of isothermal tests were
made (run with various feedvater and NaK inlet temperatures and with the steamm
space flooded) to check the accuracy of the themocouples in the steam generator,
two additional series of transisnt tests were made, In the first series, load
changes of from 25% to 75% were imposed on the steam generstor in 30 seconds; in
the second series, load changes of 10X were imposed in 2 seconds, Control re-
sponse and recovery times during the three series of transient tests are being
evaluated, During April, May, and June there were 373.1, 28l, and 350,L hours
of operation and 192, 220, and 153,6 hours of scheduled shut-down, respectively,
Based on a 5-day week, plant factors of 70.7%, 56,4%, and 69,5% were obtained,

General - The development of a method to determine, with a plugging
meter, the concentration of dissolved oxides in the NaK system is under way,

Considerable difficulty has been encountered due to oil in the instru-
nent and control air; erratic operation of some of the control system resulted,

| v-rum,%%om—-mu Stean (enerator - A contract has been let for
the detail design and fabrication of a ve

v , seven-tube, bayonst-type steam
generator that is similar to the reference design steam generator for the Enrico
Fermi Plant, This unit will replace the existing horiszontal steam generator,

COMPATIEILITY TRST (F BULX SHIELDING

_ The second series of compatibility tests of carben and graphite blocks
vith molten sodium was completed, The specimens were weighed, subjected to out~
gassing, reweighed, and then “cooked® in 900 F sodium for about 4 hours followed
by  days at LOO P, The samples wers then reweighed to determine sodium absorp-
tion and are now undergoing chemical analysis and strength tests,
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HANDLING MECHANISM TEST

All major equipment for testing cables and chains alternately in hot .
sodium and inert gas has been received and is being erected at the APDA Test Site
st Sibley Quarry, Fabrication of minor parts and the installation of instruments
and controls is in progress, In this test a stainless steel cable and pulley
mechanism, such as might be used in a mechanical handling device, will be oper-
ated in a tank containing molten sodium, sodium vapor, and inert gas, The mech-
anism, vhich is motor driven, will support a heavy cylindrical weight, Automatic

controls will govern the raising, lowering, and stopping of the weight for set
periods of tims, '

OIL SUBSTITUTE TEST

A series of tests was run to evaluate the feasibility of Hooker Electro-
chemical MO-10 Fluorclube, (trifluorvinyl chloride) as an oil substitute in certain
sodium systems applications, No reaction occurred when MO-10 was added dropwise
‘at various rates to sodium at temperatures bstween 90 F and 1610 F, with or with-
out agitation; however, when S-cc oi' 10-cc batch portions of this material wers
added to sodium at S00 F, vigorous reactions were noted, By analysis of the com-
bustion gases for trifluorvinyl chloride vapors, the approximate decomposition or
reaction temperature of MO-10 was found to be 370 F, Since contemplated uses of

MO-10 would result in minute additions of it to hot sodium, this investigation is
being continued, '

hss
12-11-57
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