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SUMMARY

.The .fundamental .design :and .development .work .on this reactor, which has
been carried out .at OBNL during the past .three and one-half years, has been
.reported .from time to time in ‘the progress reports of the several divisions
-engaged on the project. With the advent of adesign contractor . (Chemical Plants
Division of the Blaw-Knox Construction Company) for the MTR, and with the ac-
celerated schedule requested by AEC, it has been decided that progress reports
are best made up by  project in order .to present .a properly integrated pic-
ture of .activity. V

The MTR project organization described previously in other reports, from
both .ORNL and ANL, consists of a Steering Committee composed of StuartMcLain,
ANL, Chairman; J. R. Huffman, ANL Project Engineer; M. M. Mann, ORNL Project
Engineer; A. M. Weinberg, ORNL Research Director; and W. H. Zinn, ANL Director.

There are five classes .of project activity in the Qak Ridge National

.Laboratory, and the organization is set up as follows:

Project Engineer—M. M. Mann
Associate Project Engineer—J. A. Lane

Active Working Groups

Analysis J. A. Lane

Design B. M. Jones .
Experimental M. M. Mann, C. E. Winters
Metallurgy J. H. Frye, F. Kerze
Control System W: H. Jordan

It may be of interest to .note that the project organization is rather
independent of permanent or normal laboratory organization. War experience:
.at .several large laboratories showed the project type of organization, which
cuts across group and divisional lines, to be flexible and effective. At ORNL
there are about .forty* persons, from Technical, Metallurgy, and Physics Divisions,
now -engaged on.the MIR project.

During the past quarter the Blaw-Knox Company has actively .entered into
.the design of the reactor under contract with the Idaho Falls office of
AEC. Early in October a number of Blaw-Knox design engineers were sent to
Oak Ridge and have .contributed to the project in the design, analysis, and
‘control sections. ‘

At present those Blaw-Knox engineers in the Design Section have returned

. :
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to Pittsburgh, .and those .working on the control system make periodic visits to
Oak Ridge.
In the Analysis Section work 1is proceeding on an accelerated basis.
Subjects under study have been: induced activity in graphite, activity
in pile cooling water:.due to .exposure of core material, argon activity in re-

actor cooling air, heat production .and .temperature distribution in thermal

.shields, water flow in the reflector and reactor. A thorough analysis of

shielding is in progress. Results of some of these studies are included in

.this report.

In the Design Section the principal effort has been on the completion of
a series of design reports for use by the contractor. Some of the information
in these reports has already been transmitted in semi-final form both verbally
and in drawings. The fundamental design of .the reactor structure, which in-

cludes the concrete shield, the thermal shield, the graphite reflector, .and

.experimental facilities, is. essentially complete. OBNL drawings DRP-61 through

87 contain this design.

Work is proceeding on revision of certain mechanical items in the control
system to improve ease of manufacture and operation as shown to be required by
Mock-Up tests.

The OBNL Control Group has been .re-organized and now contains a number of
people on loan from NEPA, The original group which worked out the philosophy
of the control system and most of the critical circuits during 1946 ‘and 1947

was .decimated by resignations and transfers during 1948. Only three persons

of the original thirteen remain on the project.

Considerable time and effort has gone into explaining the proposed control

.scheme to the Blaw-Knox engineers.

Detailed work is now proceeding on instruments, safety, circuits, and
control room layout requirements. It was recently agreed in a meeting between
OBNL and Blaw-Knox representatives .that ORNL will provide production prototypes
of the special instruments needed. These instruments .will be constructed by
the OBNL Instrument Division under the supervision of members of the Control
Group. It is possible that OBNL .will have to supply a complete set of special
instruments for the MTR.

In the Experimental Section work is drawing to a close on the hydraulic

‘measurements in the Mock-Up, and preparations for critical experiments in the:

Mock-Up are rapidly nearing completion. Remote handling tools and accessories

-have been .developed.




A

nt

'ThetmalAcycling.experiments.were'conducted on an MIR fuel assembly. No
appreciable change in .dimensions was noted after a . total of about 3900 cycles
in the temperature range 17° C - 100° C.

More work, both theoretical and .experimental, has been done on thermal

.stresses .in .beryllium. Results indicate .that the present design of the beryl-

lium reflector and its cooling will enjoy a safety factor of the order 4 in

thermal .stress. Corrosion work has been done .on both extruded beryllium and

the hot pressed or QM material. From results available to date, no rgreat

difference is noted in extruded and pressed material. It is hoped that .speci-
fications for corrosion acceptance tests can be prepared in the very near fu-
ture. ‘ '

In the Metallurgy Section techniques of laboratory melting and casting

‘have been .substantially improved.

Additional extrusion .experience.in the Adrian, Michigan plant confirms
the feasibility of consistently producing sound 3% in. round-cornered square
extrusions for the MTR, subject to the availability of sound 8-inch billets.

Recent billets received from Reading containing small additions of aluminum

.were .sound .and extruded satisfactorily. These aluminum-containing extrusions

.are now undergoing mechanical and corrosion tests.

Studies have been made to compare grain structure, mechanical properties,
and corrosion behavior of beryllium metal extruded at different temperatures,
and .annealed at different temperatures, together with various types of hot-
pressed beryllium. ;

Twenty fuel assemblies, containing enriched uranium, are being made @y
the Metallurgy Division for use in the criticality experiments to be performéd
in the MTR Mock-Up at OBRNL.

‘A brief summary of the .present status of the chemical processing plant

design is given in Section VI.



MTR ANALYSIS GROUP
.ORGANIZATION

Recent expansion of the analysis group has been necessary -to meet .the
-commitments of a tighter design schedule for the MIR. This has .been possible
through the .cooperation of .the Blaw-Knox Company by the addition of four en-
gineers on a loan basis. The present organization of the group and distribution
of effort is as follows: :J. A. Lane, Special .calculations; R. B. Briggs, Heat
.transfer, fiuid.flow;.V. Zora, Blaw-Knox; S. Kasper, Blaw-Knox; N. F. ‘Lansing,
Shielding; .G. Thornton, NEPA; J.'Prydr, Blaw-Knox; - J. Mulrine, Blaw-Knox.

INDUCED ACTIVITY IN GRAPHITE

Ref.: OBNL, Central Files Number 49-10-183

‘The .activity of the graphite at the edge of the thermal column in the MTR
has been estimated .from data .obtained at ORNL on the induced activities of GBF
and CS graphite. Since the thermal flux at .this point in the reflector will
be about .5 x 10*? neutrons/sq cm (sec), the saturation activity of GBF graphite
will be about 6 x 10° ¥'s/cc (sec) and CS (or AGOT) .graphite, 1.3 x 10% ¥'s/cc
(sec). 'This means that the radiation intensity inside.the thermal column
after removal of the graphite will .be 15 r/hr for CS graphite and 7.5 r/hr for
GBF graphite. A three inch lead .shield .or equivalent will .be required for the

protection of personnel.

ACTIVITY IN PILE COOLING WATER DUE .TO EXPOSURE OF CORE MATERIAL

‘Ref.: OBNL, Central Files Number 49-10-186

The formation of pits and blisters resulting in the .exposure of -core
material .to the pile .cooling water causes .an increase .in the .activity of the
water above that due.to N*®, Na®®, .and Al1?’ .due.to the ‘escape of .fission re-

‘coils from the .fuel plates. The:magnitude.of.this-éccivity per sq cm of ex-



posed surface on each fuel plate is 2.1 x 10°® watts/cc, allowing 2 minutes
.decay.time. In Fig. 1-1, a comparision of the .activity due .to fission recoils
with the .background :activity is shown for various decay times.

The .data .in Fig. 1-1 may also be used to estimate the importance of picture.
framing .the fuel assembly plates to .avoid exposing the edge of the U-Al core.

If one assumes that .the entire edge of .the .core is exposed .to the water
flow, .the increased activity in the water due to fission recoil, allowing 4
seconds decay, will be 2.2 x 10°® watts/cc, compared to 7 x 1077 watts/cc for
the N*® activity. The energy of the fission product .radiation, however, is
not as high as that for the N*® and .an .additional 1% inches of MO concrete
only are required for shielding the exit water lines.

-This means .that .the edge cladding is not extremely important .from the
.standpoint of activity of .the process water which opens the possibility of
simpler methods of fabricating fuel assemblies. This should be .considered in

the study .of remote methods of manufacture in the metallurgical plant.

ARGON ACTIVITY IN REACTOR COOLING AIR

Ref.: (BNL, Central Files Number 49-11-180

For operation of the reactor at 30,000 kw, the induced activity in the
air due.to A*' will amount to 1500 curies per day. Assuming .a total air flow
of 50,000 c¢fm up the stack, .the .activity at the top of the stack will be
7.5 x 10°*% curies/éc. Experience at Oak Ridge indicates .that with a 250 ft
stack, :a minimum dilution factor of 1000 .can be expected. 'This .means . that .the
radiation intensity at ground level due .to argon .activity will be of the order
of 1 mr’/hr, unless extreméiy unfavorable: invéersion .conditions exist. A

meteorological study of .the site should determine this.

MTR SHIELDING SURVEY

A series of reports summarizing the MIR shielding calculations is being
prepared. Report #1 of these .reviews .earlier calculations and.establishes the
basis for future work. The mechanism of gamma ray attenuation is discussed

with particular.reference .to absorption coefficients, build-up factors and a

8
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comparison of experimental .and theoretical values. This report will be issued
.in the next quarter.. }

Report #2 of the series (Central Files Numbesr 49-10-184) covers the source
spectrum of the MTR, 'the radiation .level below the bottom plug, the capture
gamma ray source in the upper.and lower grids, the capture gammas in the beryllium
.reflector, .the radiation.leakage around .the .bottom plug and, the radiation
leakage .through .monitor tubes.

Report #3 derives equations for .the activity of delayed neutrons, photo
neutrons, .gamma .rays, and beta rays after .shutdown .of .the reactor. These data
.are important .for the design of ‘beam .hole shielding .after removaitof.plﬁgs.

This report will be issued in the next quarter.
HEAT PRODUCTION 'AND TEMPERATURE DISTRIBUTION IN THERMAL .SHIELDS

‘The problem of .estimating .the rate at.which heat :is produced in the steel
thermal .shield is that of .determining (1) the neutron flux and the gamma flux
.at .the face of the .steel, {gamma sources are reactor core, beryllium reflector,
and .graphite), (2) the number .and position of formation of gamma rays produced
by the capture of neutrons in .the steel, and .(3) the heat produéed,asta func-
tion of position, in the steel, by gamma ray absorption from all sources. An
‘estimate of the neutron flux.at .various positions on the surface of the steel
is being obtainedlnrassuming,thabAthe\active lattice and part of the .beryllium
constitute a spherical source of thermal neutrons of 50 c¢cm radius. The tthermal
flux at the surface of the sphere is assigned a value of 2.5 x 10** n/(cm?) (sec),
for 30,000 kw.operation, based upon data presented .in ORNL 167. Neutrons
leaving . the surface of the sphere are assumed to reach the thermal shield by
-the .shortest path through .moderator. The flux at the surface is said .to be
equal .to the uniform flux at .the surface of a thick steel shell in a geometry
where the sﬁhericaiAréactor is surrounded by shells of bggyllium, aluminum,
gréphite balls, solid graphite and steel of the thickness obtainednfégh the
shortest path. Neutron fluxes estimated in this manner are thought .to be
conservative near .corners and .reasonable near .the center of-fhe<shields. A
neutron flux map of the bottom thermal shield is shown in Fig. 1-2. Those for
the top and side :thermal .shields are in various stages of completion. Values
from Fig. 1-2 must be multiplied by 2.5 x 10** to give actual~n¢utr6n fluxes.

Calculation .of the gamma flux at .the thermal shield requires:a knowledge
of ithe spatial neutron flux in the reflector that .is not available at the

present time. Considerations based upon the extrapolation of curves from Fig. 3

10
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of the "Materials Testing Reactor Design Data Sheets", CF 49-10-232, show
the heat produced .in the steel by pile and feflector gammas to be about the
same as.that producedby the neutron capture gammas. Again it is believed that
.the bagic data .are conservative so it .is assumed, for the present, that .the
.two sources .give rise to .equal ;amounts .of heat in the steel.

Integration .of Fig.  1-3, 'a curve of the:heat production rate as.a function
of plate thickness, shows that a.flux of one neutron/cm® sec will result in
heat being produced in the steel at a rate of 3 x 10°'® watts/cm®? if the steel
is several inches .thick and 8 Mév of gamma rays are produced per capture.
Using -this constant .and Fig. 1-2 as the basis, total heat .produced in the
bottom .thermal shield was found .to be 32 kw for operation at 60,000 kw. It is
to be expected that the total heat produced in the entire thermal .shield will
be of the order of 100 kw, when -calculated .from the completed neutron plots-

Equations have been derived for use in approximating the temperatures in
the thermal shield plates. It was .found.that a single bottom thermal shield.
plate .would operate with a maximum temperature of 500 to 600° F, an intolerable
condition. Various arrangements of spl1t shields are béing calculated to

arrive at more reasonable conditions.
WATER FLOW . IN REFLECTOR ANDvREACTOR

Hydraulic testingof the "Mock-Up" ‘showed the water flow through reflector
to be somewhat greater than expected. It is probable that this resulted from
a8 lack of published literature on the design of the water flow through the re-
flector. However, a calculation was.made .to determine whether the total flow
could be .estimatel: upon the basis .of observed pressure conditions.

A listing was .made of all of the holes and cracks in the beryllium re-
flector, including that part in the lattice, and the flow through the openings
-was calculated for the pressures observed. Upon this basis it was calculated
.that the total flow through the beryllium reflector .should be ~ 1900 gpm and
thét,through.&nd‘around the beryllium in the active lattice should be ~ 700
gpm forvan<overall~AP»of'35 psi. These values are in good agreement with es-
timates by S. E. Beall .of the actual flow through the reflector for an overall
AP of 33;péi¢ Since the.calculation3~agreé with the measurements it is be-
lieved . that modifications can be made in the design of the reflector without
.requlrlnq subsequent large scale flow tests. o '

Assmstance was given Section 2 of . the Technical Division in interpreting

12
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data .obtained in measuring the flow through .the .active assemblies. Results .of
those tests .are published .in .the section of this report dealing with the
Mock-Up.

THERMAL STRESSES IN BERYLLIUM

‘Maximum .thermal stresses .to be .expected in the beryllium reflector were
estimated taking into consideration.the heat production .rates observed in the
.critical .experiments reported in ORNL 167 plus the heat .liberated by the
thermalizing of fast neutrons. It was.found that .the maximum stress in the
preaenf.design'is a surface stress .that should not exceed 12,000 lb/in? for
operation .at 30,000 kw. This is a factor of 3 or 4 less than .the .stress ob-
served to produce damage in experiments .reported by H. C. Savage of the
Technical Division.

Assistance was .given Section IT of the Technical Division in interpreting

.results of their thermal stress tests.

14



.DESXGN .PROGRESS
DESIGN -CONTRACTOR

‘During .this quarter the Blaw-Knox Company has .actively entered into the
design of the .reactor under contract with AEC.throughAthe<Idaho,Office. On
- October 6, five Blaw-Knox design:engineers were sent .to Oak.Ridge:andhavesince
.contributed significantly .to .the progress of OBRNL design drawings .while at the
same time becoming familiar .with the problem. These men have :made .drawings of
.the reactor .tank, the .thermal .column, HG-9 experimental‘hole plug, thermal
‘column lead .door, regulating .and .control rod position indicators .and magnetic
.coupling .details, and .reactor .structure :layouts. They‘ﬁne working .as members
of the ORNL design group in so far as .is possible under .existing Blaw-Knox
.policies.:

‘Blaw-Knox has .submitted for .approval first drafts of flow .diagrams of .the
"Reactor Process™ . and "Experimental Facilities", as well as .those for the Air
System .and .other items more in the scope of Argonne National Laboratory re-
sﬁonsibilit&. Those on the reactor .and .experimental facilities have been care-
fuliy.reviewed,and.correctionsurecommended.

Present .indications .are that .Blaw-Knox .will do all»detail,design external
.to the reactor .tank, but all details inside and including .the reactor tank .and

.the complete system of controls will be the responsibility of design .groups at

ORNL..

DESIGN REPORTS

‘Efforts of the ORNL design .group :have been :concentrated since July 1 .to-
ward issuance of a series of .design reports for transmitting .complete design
.data to the Blaw-Knox Company. Titles and .present .status of .these reports are
given .in Table 2-1. Much of .the information.for,these~reports‘hasAalready.Been
transmitted in semi-final .form to Blaw-Knox for use in a preliminary cost .es-

‘timate. It is expected that .the complete series will be issued .by March 1, 1950.

15



TABLE 2-1

Status .of MIR .Design Reports

TITLE

-STATUS

10..

11,
12.

13.

14.
15.

16.

Reactor Cooling Water Monitering

System.
Thermal Column

Vertical Hydraulics

‘Instrument Holes

Tank Sections A & E

Graphite Reflector
Addendum to .Graphite Report

Air System (Internal)

‘Thermal Shield

Structural Steel (for Reactor

.structure)

Neutron .Crystal Spectrometer

Shielding Facility

BReactor Coptrol BRod Mechanisms

Reactor Experimental Facilities

BReactor Structure
Design Data Sheets

Mock-Up Design Report

16

Rough .draft partially complete.

Rough draft.

. Preliminary study .only.

Rough .draft.

In reproduction.

Issued October 6, 1949, CF-49-10-88.
Issued November 17,1949, CF-49-11-176.

In reproduction,

Indefinite pending .calculations .now

in progress..

Rough .draft.

In preliminary .study.

Rough .draft.
Rough .draft.

Drawings .complete but .repo¥t not .yet
started.

Drawings complete, but .unchecked.

Issued October 18, 1949,"CF-49j10~232.

‘In reproduction, CF-49-10-185.



REACTOR . STRUCTURE

In order .to-show .in detail .the most recent .conception of the reactor strucz
ture, a new .set of drawings, DRP-61 through 87, has been .made.

Based on experimental hole plug designs submitted by Argonne National
Laboratory, details of hole liners have been .completed .for .all horizontal .and
down beam holes and the horizontal through hole. Each .liner is capable of
adapting .the use of removable "radiation .valves™. ,

New drawings .also indicate steel plates imbedded .in vertical :faces of the
.structure for the purpose of tapping mounting holes at any future time when
it may be desired to hang apparatus, pipes, etc. there. Removable steel
balconies are shown .supported on the face of the shield .for access to down beam

holes.. The .arrangement of these balconies is shown in Fig. 2-1.
EXPERIMENTAL AND .SERVICE FACILITIES

Six 4-inch square horizontal holes have been added in .the thermal .column
to increase the utility of that .facility.

Fifteen 2-inch diameter vertical holes have been spotted in thewestportién
of the concrete shield to permit radiation and temperature readings in-.the
shield.

Entrances to the offset horizontal beam holes: are to be recessed in the
concrete and 8-inch diameter holes .connect these recesses to the basement for
use .in .experiments where shielded lines to the.faciliiy from the basement are
required.

These are the only major changes in the experimental facilities. A new
list of the facilities and their locations has been made .(DRP-64) ‘and issued.

‘With the .aid .of ORNL research people, a survey of desirable services for
.experimental facilities has been made, and it is planned .that .the following will
be available at .or near each experimental facility:

1. Liquid Supply: Cooling.watern(dimineralized)

Raw water
. High pressure Water
2. Liquid Drains: Hot drains

Warm drains

Cold drains
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3. Gases and .Vapors: Air

Carbon dioxide

.Propane
Steam
4. Vacuum: Hot .exhaust
5.- Electrical 110-volts a-c

110-volts a-c regulated
220-volts a-c
440-volts a-c
200 - 300 volts d-¢

6. Control: Open conduit
Telephone

THERMAL SHIELD

Completion of the thermal shield design report has been delayed for lack
of complete .information regarding temperature patterns within the steel plates
during operation., Calculations are now being .made tofdebermine<operating.tem-
peratures .as accurately .as possible so that a.tentative design proposal .may .be
included in the design report. Figure 2-2 shows the bottom .construction of the
thermal shield presently proposed. It is hoped that approximately 70 percent’
of heat .generation in the bottom shield due to neutron :and gamma-ray absorption
will occur .in the 2-inch plate which is cooled on both sides. .This should
.result in the bottom 4-inch plate being at a relatively low temperature. For
this reason the suﬁport structure for the graphite stands on this lower plate.

A similér\anrangement.is.being.considened for the top plate of the thermal
.shield.

GRAPHITE REFLECTOR

The design report on the graphite reflector has been issued and followed
by addendum No. 1 which.covers design of the pebble discharge 'systenm, graphite
Tadiation tests .at OBRNL, thermal warping of .solid graphite, graphite pebble
production at Y-12, and design of the .pebble support.

Figure 2-3 shows .some .details of one of the two pebble discharge chutes
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by .which it .will be possible to drain.all pebbles from.the pebble zone .of the
graphite reflector. The 8-inch:tube shown.in the figure connects.to the .support
plate for .the pebbles inside.the thermal .shield. Figure 2-4 gives some details
0of a shielded carrier suggested for catching the pebbles and removing them.
From tesults.of>recent.induced,activity.experiments it now appears likely

that AGOT graphite will be used .for the graphite reflector. Present designs

.are based on .use of AGOT.

Cost ddata . from production of AGOT pebbles at Y-12 for the critical .ex-
periment .indicate .a.total .cost of 3.96¢ per .pebble.

THERMAL COLUMN ‘AND HG-9 PLUG

The .addition of .the HG-9 plug .and liner to the subject matter has delayed

.the design report on the thermal column, but is now (Nov. 21) essentially

complete .and .will be .issued in .a few .days. The following drawings have been

prepared:

| DRP-82 ‘Thermal Column Assembly
‘DRP-83 Graphite Arrangement
DRP-84 HG-plug Sect. "A"
DRP-85 HG-Plug Sect. "B"
DRP-86 HG-Plug .Sect. "C"

The present .concept of the :design .is shown in Fig. 2-5. On this, the
graphite filler and .the HG-9 plug were omitted for clarity of the .details of

construction.. T. H. Thomas, aided .by R. B. Briggs, 'has calculated air cooling

.requirements .for the HG-9 plug .where it enters the pebble zone. These calcula-

tions .are included in the forthcoming report. The design of the thermal

.column with respect to shielding adequacyis.as yet unconfirmed by calculations.

SHIELDING FACILITY

A design conception has been completed on the experimental shielding
facility. The.report‘on.this design .is now.in rough draft. Drawings DRP-73,
74, and 75 are layouts .of .the completed conception. It consists essentially
of a ™lid-tank™ type of facility similar to that now in.ﬁsewat.ORNL. The plan
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is to use an oben spéce.ihAthe.reactor shield formerly intended as .a thermal
.€Qlumn,.coupled with .an.external .water tank .so that.the entire space may be
.flooded .with water‘for.removal:an&.replacement.of.shield slabs during operation
of the reactor. The outer .end.of the .tank .contains .a deep well for storage
of extra hot .specimens during .cooling.” A remotely controlled carrierwill move
the .slabs .into position .inside .the hole where.a U-235 converter plate will be
previously p;aced:for,generation.of.fast.neutrons.' The .converter plate also

will be remotely removable through the .water tank.after slabs are withdrawn.

REACTOR TANK

Detail drawings .of all components of the reactor tank .have been,compieted
by .Blaw-Knox engineers working with.D. J. Mallon! Stress analyses of the
.tanks :and .the .flange joints have been made .and tabulated. A design report on
tank sections A . and E is being issued. These are the non-removable portions
.0f .the .tank .and must be included in design of the reactor structure. It is
now planned to build the upper .section (A) with .a 5/8 inch thick wall and .the
.lower section (E) with a 2-inch .thick wall. These thicknesses appeared satis-
factory in recent .analyses .of the shielding requirements.

No .other significant changes are contemplated for other parts of the
tank. All bolting and .flanges are to be made stronger .than .those in the Mock-
Up.

CONTROL RODS ‘AND .DRIVES

During the past three months .a.general program of clarification of detail
.design of the .reactor controls has been in progress. Some of the more im-
portant .items .which have been considered are outlined below.

The assembly .drawing of the magnetic .coupling for .the shim-rod has been
revised to incorporate those features which provide improvement in the manu-
facture and operation as determined by tests on .the Mock-Up. The upper part
has been redesigned to include a quick-release mechanism for releasing the
magnet .from the drive rod to facilitate its handling after irradiation.” The

quick-release mechanism may be operated remotely by means of a socket .wrench
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with a handle of suitable length. The major portion .of the redesign of this
.anit .was .accomplished by Mr. Otto Vogelsang of the Blaw-Knox Company .and
Dunlap Scott of NEPA,

Assemblies .and .details of the redesigned position indicators for both
the shim rod .and .the regulating rod are nearing completion.

A design study of the regulating rod shock absorbers is now in process
by Mr. Vogelsang with a view .toward making .the .regulating rod locking mechanism
.accessible without the necessity of removing the :top shock absorber.

A large .number of new assembly drawings are being made .for the purpose .of
.clarifying the location .and .operation of the various parts.

A new assembly is being made .of the Top Plug Platform which will show
~.all the .component parts . of the controls in their proper relationships .and will

include .all revisions .to date.

COOLING WATER MONITORING SYSTEM

‘In October, T. H. Thomas made a trip to the Hanford Engineering Works to
get .first hand .information. on.the present practices and .equipment used .in their
.monitoring system .for the pile water. The detailed results of this trip are
‘covered in a memo (CF-49-11-272), This information will be of considerable
value in the future development of the MTR:moﬂitoring system, especially with
respect .to activity monitoring. |

‘The subject matter of .the design .report on the monitoring syspem~has been
‘broadened to include:theentire water .system, both internal and .external. This
will necessitate rewriting .of the existing report which .is in the.rough&dréft
stage .awaiting data on the .monitor tube from the Mock-Up. Since these data
have been .delayed, it is intended .to complete the .report for the present .and

issue subsequent information as .addenda.
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CONTROL :SYSTEM

A summary of .the deévelopment .of .the MTR . controls .as of April, 1948,
appeared in CNL-35. 'The philosophy .of the .control system had been worked out,
and most .of the critical circuits had been tested. Many of the more straight-
forward items had not been designed .and the construction details had scarcély
begun.

We are now attemptingAto complete the .design of the MIR Control System.
This has not been .easy for most of the engineers and physicists that .started
the development have left the project and the remaining ones shifted to other

jobs. The original .group consisted of the .following people:

H. W. Newson, Leader (Resigned)
P. R. Bell (Now serving as a consultant)
John Trimmer (Resigned)

‘Bert Frey (Resigned)

8. N. MacNeille (Reslgned)

.T. E. Cole (Present)

Henry Straus (Resigned)
Fontaine Armistead (Resagned)
L. W. Mead (Resigned)

E. P. Epler (Consultant)

David Cardwell (Transferred)
Joseph. Gundlach (Present)

W. H. Jordan (Present)

The reactor .control group now consists of the following persons:

W. H. Jordan, Leader .{Loan from Physics)

T. E. Cole .

E. P. Epler (Soon .to be available)

J. E. Owens (Loan from Instrument Division)
Gorman Nelson.(Loan from NEPA)

Lyle Martin (Loan :from NEPA)

E. E. St. John (Loan.from NEPA)

J. M. Groover. (Technician, Instrument Division)
0. S. Swift (Part-time, loan from Westinghouse)

Some additiohal help is available .on.a part-time basis from P. R. Bell
.and Joseph Gundlach of the Physics Division. It is anticipated that Edward
Bettis from NEPA will soon be loaned .to the group.

These people.are now . working .on .the following projects:

(1) Providing Instrumentation for the Pile Mock-Up.»_Mr. Owens .is re-

sponsible for this phase of the :work. St. John, Cole, and Groover are working
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on other :safety.circuits. ‘It .was.found that.the original design‘was not en-
‘tirelyfadequate;.necessary.modifications.arebeingma&eIan&thecircuits.;esced.

~The .servo system:is being installed on the Mock-up under the direction
.of Nelson. He is modifying the .circuit somewhat to insure reliable and .stable
,operatioq._ Actually, the servo has demonstrated‘its.ahility.pchontrol tthe
pilelsimulator, but .the speed is not .as .fast as hoped for. One.of the chief
-reasons for .this .is not being able to find a satisfactory tachometer .- this
.in spite of considerable development work by Weston Instrument Company.

A safety ionization.chamber {(Drawing Q0-940-1) has been designed By
Mr. Abele of the Instrument Division, after considerable consultation with
ABeli,<St..John, and Jordan. These chambers .are 2 in. in diameter and designed
to operate on the neutron .flux streaming through .the holes in the 'reactor
shield. Two .of these chambers are nearly complete. Two more will be needed,
but .we .are waiting until some flux‘calculations.by»LansingAareVfinished. We
are seeking an answer .to the question as .to where the chambers must be placed
in the hole to keep the .time lag.small and how large must the chamber be to
.generate 100 g-amp of current.

(2) Working with Blaw-Knox on the Design and Layout of the MTR Controls.
Considerable .time .and .effort has gone .into explaining the proposed control
‘scheme to Messrs. Bates:and Driskell of the Blaw-Knox Company. TbeyhavesubL
mitted proposals and requested information which have required the attention
of the ‘entire group.

(3) Continuing .the Development of MTR Controls. Much remains ‘to be done.

a. The circuits must be proven on .the pile mock-up and any necessary
‘modifications made. :

b. Detailed layouts of the .shim safety circuits must be made and
.reliable components chosen.

¢. Detailed plans for .the control and .instrument room must be com-
.pleted; close cooperation with Blaw-Knox and Argonne .will be required.

d. Provision for the .placement of instruments and.cables at the pile
structure must be made. '

.. Plugs .for .the . instrument holes must be designed.

‘'f. A mechanism for moving the fission chamber must be designed.

g. Annunciator circuits must be provided to warn the .operator . of
failure .of any instrument.

h. A mimic board to inform the .operator of ‘the position of .the .im-

portant .interlocks must .be worked out .in .detail.
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Much of the .work outlined in this section .will be done .by .the con-
‘tractor, but we must keep.in very close .touch. Epler and Martin will watch
.their phase.closely.

(4) Agreement.that ORNLWould Provide Prototypes of:theSpecial Instruments
Needed. These instruments will be constructed by .the Instrument Division
under -the .supervision of the members of the Control Group.

(5) Further Considerations of the Safety Circuits. We have recently
realized that .the safety chambers may be subject to considerable shading by
the shim rods. Since the shim rods vary in position, the flux at .any chamber
may .vary by perhaps.a factor of two .while the pile is.oﬁeraéing.at-a fixed power
level. 'Present thinking is .to set the fast safety circuits 'at twice operating
level! Slower safety circuits which are not sensitive to shading would then
be set to."scram":the pile at some 1.1 times operating level. For this purpose
one .could use water power, water temperature, N'® activity of the exit water.

Cole is .looking into the possibility of using boron thermopiles.
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EXPERIMENTAL
.STATUS OF MTR ‘MOCK-UP

.Conversion .of :the Mock:Up for use.in criticality experiments .is 50% .com-
plete. Experiments .are scheduled .to begin January 1, 1950. ‘Fluid flow and
‘handling .tool studies have been completed and .final reports are being written.
‘Control-system mechanical :testing .is complete .except for tests on redesigned

‘components.

CRITICAL ASSEMBLY

- 'In September .it wa;«decideaito prepare .the MTR Mock-Up for use with a
critical .mass of fuel. 'Experiments are planned at an operating.level of 1 to
100 watts (approximately 10° neutrions/cm® sec). Several objectives of these
‘experiments have .been enumerated by M. M. Mann: (1) Performance .of control
‘system; (2) Neutron and gamma flux measurements in water .above and below reac-
tor; (3) Neutrén‘andAgdmma?flux.measurements‘throughout graphite; (4) Fluxes
in experimental holes; (5) Determination of temperature coefficient; (6)
Changes in reactivity caused by bubbles and vibration due to water flow.

The present Mock-Up structure is being altered with the general aim of
providing facilities for .these .measurements under circumstances which will
closely approximate .operating conditions in the MTR. ‘More specifically, ma-
.terials .and major dimensions .specified for the MIR are being duplicated .in al-
most two quadrants .of the Mock-Up. 'Photographs 4-1 and 4-2 show the work
approximately 50% compleﬁed. The major alterations .in progress are:

1. Reflector : inside Reactor Tank. The .aluminum reflector which was in-
stalled for hydraulic testing will .be removed and partially replaced by 2500
1bs of beryllium.metal {(old powder process) now stored at .the laboratory.

2. .Graphite. The graphite pebble zone immediately adjaceént to the reac-
tor tank willbe partially (40%) filled with 300,000 one-inch .diameter graphite
balls being made .for use in the MIR installation.

AGOT .graphite blocks .obtained .from surplus stock ‘are being stacked .out-
side .the pebble zone .in three quadrants surrounding the tank. Forty one-inch
diameter vertical holes through the graphite are being provided for flux .meas-

utrements.
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Beryllium—Thermal Stress. A previous investigation (OBNL 73) indicated
.that .beryllium.is .adequately stable .to thermal stress which would result from

"heat .fluxes .at -.the cooling hole 4.7 times .greater than .will occur in the

high flux reactor ‘as presently designed (based .on.a heat production rate of-

4 cal/¢m® sec). ‘

Additional.work has been done on this problem which:has resulted in crack-
ing cylindrical specimens of vacuum cast .and extruded beryllium. The .speci-
mens .are heated .at the outside surface by means of a high frequency induction
coil and cooled at .the center by .water flow through an axial hole. In these
tests temperatures .near .the .inner .and .outer surfaces .were measured .and .are in
.good - agr.eement with calculated values.

Lracks .at .both the inner .and outer .surface were observed .on .two .cylinders

having the .longitudinal axis perpendicular .to .the direction of extrusion with

a total heat .flow of 7.5 KW (1800 cal/sec). Based on the volume .of the speci-

mens (86 cm®), this is an equivalent heat production rate of 20.9 ‘cal/cm® sec.

Specimen "failure™ was by formation of longitudinal .and .circumferential
cracks .at .the surface of the axial hole .and circumferential cracking .at the
.outer .surface. Calculated stresses are 80,000 psi (tension) at .the .surface of
the axial hole and 25,000 psi (compression) at the outer surface. These .are
both longitudinal .and tangential.

One test.cylinder<having.the longitudinal axis parallel to the direction
of extrusion cracked with the same total heat flow and equivalent heat pro-
duction rate as above. All cracks were longitudinal and were observed at .both
inner and outer .surface. Calculated stresses were as above. )

A second test.cylinder having the longitudinal .axis parallelto the direc-
‘tion of extrusion was subjected .to 100 thermal cycles ‘at.a heat flow of 7.5 KW
(1800 cal/sec). HoWever'this.specimen.had.a.volume of 172 em® which results

in an .equivalent heat production .rate .of only 10.5 cal/sec cm®

This sample
‘cracked :at .the inner surface .only. Cracks were in a longitudinal direction.
Calculated stresses produced .at .the inner .and .outer .surface are 40,000 psi
‘(tension) .and 12,500 psi (compression), respectively. [A separate piece of
the same .material measured 26,500 psi (tension) in the tensile test machine.l
A few cycles did not produce .visible cracks, .but repeating the stress a number
of times did. .This result seems to .validate .the calculated stresses, but be-
fore a definite conclusion is .reached additional samples of QM beryllium will
be tested:*

Formulae .used for stress calculations .are those for tubes of infinite



length .in which the heat is produced .at .the outer surface and removed from .the

surface of an axial hole.

‘Longitudinal :and .tangential stress at the surface:of .axial hole:

0': [EQQGQ/S}E(].»;L)] [4}))2 Ing - 2P2 +2}
(R. B. ‘Briggs:- memo to file, 12/1/47)
o= [ATak/2 (1) InP ] [1-{Q2P 1a P)/(P* - 1)} ]

(Roark, . Formulas for Stress .and Strain,

p. 325)

‘Longitudinal and tangential stress at.outer surface:

o=[EaQd®/8 k(1 -] [41nP-2p +2]
(R. B. Briggs:- memo to file, 12/1/47)
o= [ATEa/2(Q - InP] [1-{21nP/P?-1}]
(Roark, Formulas for Stress and Strain,
p..325)
Units:
) o = longitudinal .and tangential stress, lbs/in.?
E = Young’s modulus = 40 x 10% 1bs/in.?
a = thermal .coefficient .of linear .expansion = 13 x 10-%/°C
Q= heat.removed,fc'al/.c'n}3 sec
@ = radius of axial hole. 0.238 cm
b = outer radius of cylinder = 1.90 cm
k = thermal conductivity = 0.4 cal/em® sec °Cfem
# = Poisson’s ratio 0,03
P=b/a =8

AT = temperature difference, T, - T}, °C

Beryllium—Poisson’s Ratio. This investigation has .been:completed and .a.
final® report (ORNL '524) prepared. Baldwin Southwark "SR-4" resistance wire:

strain gages, in conjunction .with a universal test machine, were used to meas-
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.ure lateral .and .axial .strain .in specimens .of extruded .and QM beryllium in
tension.and compression. For the limited number of pieces tested, the follow-
.ing.results .are reported:

1. Poisson’s ratio .was measured.as 0.020-0.060 at stresses .under .5,000
psi. Up .to 12,000 psi ‘(maximum stress used) Poisson’s ratio increased .to
0.010-0.13.

2. ‘For one.sample .of QM tested, a value of Poisson’s ratioof 0.020-0.050
‘in both"tensibn.and.compression was .obtained. .

:In.addition to Poisson’s .ratie, values for Young’s Modulus .and .shear .modu-

:lus are .reported.

.CORROSION

Extrusion Beryllium; A full size extruded beryllium:assembly which has
.been exposed to flowing demineralized water .containing 0.005 M hydrogen per-
oxide .at .90° .C for 13 months was dismantled from the test apparatus .for 'in-
spection. -Water:.velocity through;the test cell aferaged 10-12 feet per rsecond
and .the water pH was maintained between 5.5-6.5. The assembly was-é Type 2-
.removable unit, machined from three 1 inch by 3 inch extruded billets ‘and
bolted .together :with beryllium bolts. ‘The extrusion ratio of the,beryllium
.was 6:1, and .the material was obtained from MIT.

The first 10 months of this dynamic corrosion test were conducted in deé-
mineralized water :at X-10 under .the above conditions. At .the end of this
. period, .the unit showedno signs of indications of corrosion damage. .The outer
surfaces remained bright\and.clean as did the 1/8 inch diameter .cooling chan-
helslextending through :the core. After the relocation of the Corrosion Group
to thé Y-12 area, .the .assembly was placed back into test using .demineralized
.wdter from a different .system. The test was operated under .the original .condi-
tion for a period of three months .with intermittent<shut-dowhs.

During the last shutdown (one .month prior .to the end.of the three month’s
test:‘a.recbrding.pHAmeter:was.installed'into the system. At this time, .daily
\Water.énalyses were made to determine the extent to .chloride leakage into the
system from the calomel electrode used in the pH meter. By the time water
.analysis were completed, the assembly had been in test for 1 month. The
-analysis showed achloride content of 8-9 ppm 'in the sYstem,:and.the4jrun was

.stopped immédiately.
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An inspection of the assembly . disclosed prolifie pitting over the sur-
faces, with the most .concentrated .area appearing on the top curved surface.
The pits were shallow, seldom exceeding 8-10 mils in depth, and were completely
black in color. In numerous regions, an .extremely adherent black deposit
.extended 5-10 mils above the surrounding metal surfaces.

The reason .for the sudden appearance .of the .localized corrosion attack
‘was uncertain, although the effect was .simultanecus with the large increase
.in chloride ion concentration in the .water.

Conductivity changes .above in the water due to the addition of very.small
guantities of .dilute nitric .acid.or .sodium hydroxide . for pH .adjustments :may be
:almost‘disrega;ded.gsAthg_immgdi§tetcause;for;the intensified .corrosion:attack
.since .the method of pH control used at :the X-10 area was .identical .to the
:system-used at .the Y-12 installation. No evidences of localized corrosion
.attack .were observed on .the .unit exposed to X-10 water after 10 months even
:when the water .resistance .sometimes .dropped .as . low as 80,000 ohms .by the addi-
.tion .of .the pH control solutions.

Frequent water analyses .at .the Y~12~area.during.the.three.monbhs} ex-
posure .showed .wide .variations .in the .chloride .content. Concentrations of 4.0
-to 10.0 ppm were encountered. "The systeéem was drained frequently, but the
chloride .concentration .never approached :values encountered in the X-10 water.
Chloride content in the latter .water .averaged 1.0 ppm. and less.

The beryllium assembly .will be placed back .into . test using low.chloride
.concentration water .from another source in order to determine any tendency. for
the‘pitting.athack‘to increase or .remain unchanged. The presence of chloride
.ions in .the system . from the pH:meter will be .eliminated by .a rearrangement of
‘the ‘test .apparatus.

QM Beryllium. Sixty day .corrosion tests in simulated MTR cooling .water
were completed during this quarter. An interim report on the Results of these
tests will be issued shortly, Results may be summarized as .follows:

(a) ‘All four lots of Brush QM beryllium showed corrosion resistance
.equivalent .to good vacuum .cast .and extruded beryllium. Compara-
.tive weight losses were

MATERIAL WEIGHT;LOSS RANGE
(Mg/dm” [mo)

Vacuum:.cast and.extruded 10-12

oM 5-12

(b) The corrosion resistance of different lots of OM beryllium varies.
‘However, most of the samples from a single.lot have .comparable
.resistance.
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-COrrosion.tests.on.Brush‘QRM’(remelhed)Aand QMV (vacuum .melted) powder
process beryllium have not been .completed. Results of these .tests .will be
issued in the near:future.

Effécts of Annedlirig and Machining on the Corrosion Resistance of Extruded
Beryllium. ‘In.an attempt to.evaluate the effects of annealing on the corrosion
resistance of .extruded beryllium, a single good extruded billet was selected
.and treated .in .the following manner:

(a) The billet was cut into three 14 inch lengths and each length
then . cut into.three sections;

(b) One section .from ‘each length machined directly to corrosion
;samples;

‘(c¢) The other six sections . were annealed . in . an . argon atmosphere for
.one hour .at 830° C and machined into corrosion samples;

(d) The samples . from three of the sections treated in (c) were re-
annealed under .vacuum for one hour at 830° C.

Specimens . from all'three,iengths\and.in all three conditions were exposed
to.simulated MTR cooling .water, singly.and in couples with 356 aluminum for
60 .days. HResults on these tests are not complete, but indicate that:

(a) The "as machined"™ beryllium exhibited the best corrosion resist-
' ance, although there was little difference between machined and
.the ;annealed-machined . forms. Annealing.after machining .was

definitely detrimental to the corrosion .resistance.

(b) There was no .significant variation in corrosion attack from the
leading to the trailing edge of the "billet.

Note Several QM beryllium samples were annealed after machining and
.in all cases there was an increased susceptibility to pitting
.type of corrosion.attack.

Corrosion Properties of QM, QRM, and QM-V Beryllium.. In an effort to get
.a quick comparison of .the corrosion resistance of powder-process beryllium
made ‘by the three processes of the Brush Beryllium Company, short term auto-
‘clave ‘tests were run. All QM beryllium metal was .tested .for 384 hours at
'525° F and 840 psi. Both .the QBM and QM-V samples were tested for 306 hours
at 525° F and 840 psi. o

The results of .these tests are shown in Table 4-1. .These figures . indi-
cate that there is.very little difference in corrosion resistance under .these
.conditions. Visual .inspection of these samples shows that the pitting attack
.on powder process beryllium tends . to spread laterally rather than déépening.
QM-V may be the best form of powder process beryllium.corrosion wise. Since
only.a limited .number of samples have been.tested, no definite conclusion .can

7et>5e.reached,
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TABLE 4-1

The Corrosion .of QM, QRM, ‘and QM-V Beryllium

in Distilled Water :at 525° F for Two Weeks

SAMPLE NUMBER WEIGHT 'LOSS PIT .COUNT HAXIMUNM éIT DEPTH
(MDM)* © (per.sq cm) (mm)
1 16.6 0.0 0.0
2 1Q.5 4.3 0.165
3 144.5 2.8 0.030
4 1.0 10.6 0.110
5 114.3 17.1 0.340
6 18.1 4.9 0.194°
6a 2.3 ‘3.4 0.072
6b 2.3 2.9 0.064
7 0.6 1.5 0.043
Ta 0.0 1.6 0.047
b 5.0 2.0 0.129

* MDM - Milligrams/square decimeter/month

Indentification

(1) OM Beryllium, 1949, Billet Y4382

‘(2) OM Beryllium, 1949, Billet Y4373

'(3) QM Beryllium, 1949, Lot 2 CF 49-4-144

(4) QM Beryllium, 1949, Lot 3 CF 49-4-144

(5) QM Beryllium, 1949, Lot 4 CF '49-4-144

(6 ab) OQRM Beryllium, 1949, Billet Y-4411 13P
(7 ab) QM-V Beryllium, 1949, Billet Y-4409 AP
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Proposed Beryllium Corrosion Testing Program. - In order to évaluate more
.clearly,the,presentAstatus«of.the,cérrosion,resistance,of.extxfu(led and QM
types of berylliﬁm,'a'concentrated«program.will,be started immediately en-
compassing .the following three problems:

(1) Effect of water composition .variations with subseguent deter-
mination of minimum water specifications .for the Materials
Testing Reactor;

(2) The .effect of chemical and .metallurgical .variations .on the
.corrosion .resistance;

(3) Recommendations . for .a . corrosion acceptance test for beryllium
.to be used in the Materials Testing Reactor.

Present indications.are .th®t approximately 85-90 percent of the beryllium
.to.be used . for the reflector.will be of a QM type; .the remaining 10-15 percent
‘beryllium will .be an extruded .form. The .effort on the proposed <corrosion
testing‘prdgram‘will be proportioned .accordingly.

.For Part 1 of .this program, samples will .be obtained .which will be re-
presentative. of the material to be used in the Materials Testing Reactor.. .For
Part ‘2, .an.attempt will be made .to select material .with varying.chemical ranges
.in .order .to .correlate .variations in chemical .composition with corrosion re-
sistance. Part 3 of the program would entail recommendations for a precorro-
:sion test on the beryllium to determine whether or not.the corrosion resistance
was .satisfactory . to permit usage 'in the reactor. The conditions for such a
test may involve exposure in normal operating conditions .expected in the MTR,
or it .may be a form of accelerated corrosion test.

The .types: of material .to .be . .included in this program-are extruded .beryl-
lium and QM, QBM, and QMV types of powder.prdcessed‘befyilium. Samples .will
.be .obtained .through . the Metallurgy Division.

INDUCED ‘RADIATION IN GRAPHITE

Pile induced activity.is being determined for CS and GBF graphite. Fig-
ures .4-10 and 4-11 show the gamma intensity of . .these materials up to 900 hours
deéay.for‘2 weeks .and 4 weeks irradiation .time. Other samples are being ir-
.radiated for two months and six months.

Simiiar.tesns.have,been.conducted at Hanford and Argonne (see HW-12780
and ANL-JHR-18), But.those were carried out with reactor .irradiation times of

.thirty minutes or less .and hence were only used for the detection of short
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lived induced activity. The program.at ORNL has .been used . to study:the long
lived induced activity.

The gamma decay.cutves.were'taken,withxan.ionization.chamberAwhich‘was

' .calibrated .with Co®° standards (average gamma energy of 1.2 Mev). Analysis of
" .the .curves .show three components . for both materials. These are shown in Table
4-2 along with a sﬁectrographic analysis.

Figure 4-12 shows the absorption curves for lead for the four week ir-
radiation period. These measurements were made by interposing sheets of léad
between .the .sample and ‘a .mica window G-M chamber. Most of the 15 hour .com-
ponent .(Table 4-2) had decayed when .these measurements were made, which
would. seemito indicate .that .the 33 hour component .must have a rconsiderably
higher energy than the 50 hour .component since the curve for the longer .decay

‘time has a.greater slope.
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“TABLE 4-2

Analysis .of GS and GBF Graphite Decay Curves

' HALF LIFE FOUND ELEMENT SUSPECTED
15 hours 12.8 hr. Cu®*
33 hours (34 hr. Br®?, 40 hr. La**°, 27 hr
As7°)?
50 dayé 47 d Fe®®.
>100 days ?

Spectrographic Analysis

ELEMENT .CS .GRAPHITE GBF GRAPHITE
C very strong | ~ very strong
Ca ‘trace - very faint .trace
Cu very faint trace | very faint .trace
Fe f;int,trace : Cmeeman
Mg very faint trace very faint .trace
81 .faint trace faint trace
v very .faint trace e
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METALLURGICAL .ENGINEERING .DEVELOPMENT -

-FUEL 'ASSEMBLIES

‘Reduction. A major problem:in the production of fuel .assembly results
from the formation of blisters on .the .surfaces of the 2S aluminum-clad ‘U-Al
alloy plates whenthe plates .are heated to 1100° F during .the processing cycle.
Descriptions of the .active plates .and .assemblies, and the methods for producing
.them have been described in earlier: progress .reports of the Metallurgy .and
Technical Divisions.

Previously reported .work (ORNL '407) indicated that .the use of a dried air
.atmosphere in the furnace used to preheat .the alloy .for rolling and cladding,
decreased blister .frequency, .but subsequent work indicates that .this alone
will .not .guarantee freedom from blistering. As a consequence, additional .test
heats have been made to study .the effects of other variables. These .are re-
ported in more detailed form in ORNL 511. The variables included the .at-
mospheres used .in melting .and casting .and .the moisture content of the cryolite
flux. BResults indicate the desirability of melting the .cryolite and,Ugog'to
drive off water before adding .aluminum .in the reduction heat, and of vacuum
.temelting,and\castgng. However, the vacuum .remelting and casting operation .is
.time consuming .and makes it difficult to sample the melt and to avoid .segrega-
tién., OptimumAconditions‘were obtained in heats in which the aluminum .was
‘added to a mixture of molten .cryolite -and Ugs0g followed by vacuum.remelting
.and .air casting of the reduced allby;

Inspection.. ‘An .inspection procedure has :been established ‘to center .the
U-Al .cores in the clad plates. This insures the presence 6f a sufficient
‘marginof aluminum (at least 0.160 1in.) along .each .edge of the plate to mimimize
changes. of cutting into .the .core when machining the plates to final dimensions.
This location of cores .is accomplished with fluoroscopic X-ray examination
and .steel gages which are shown.in detail in ORNL '511.

Rolling and Cladding. To study.the effects.of core centering .in the frame
on behavior 'in rolling .and .cladding, ‘ten plates were made up .with the cores
deliberately placed off center by one-half inch. After the initial rolling
operation, .large voids appeared at the corners of these cores nearestthe frame
edge, and yleldS(afbllster~free plates were s1gn1flcant1y lower than in plates

with properly centered .cores.
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Shearing .tests have been made in an .effort to eliminate machining of clad
plates to size. Cold rolled .aluminum.can be sheared perpendiculsar to the
rolling .direction.with.a variabioh.from.straightness of only 0.003 in. per 24
in. length. When clad plates,are sheared, the .edges .curve and *variations
.average 0.010 in. per 24 in.. with cold rolled plateé, and 0.006 in. with an-
nealed plates.

Critical Experimeéent Requirements. Twenty,fuel:assemblies.contéining(en-
riched uranium .are being made for .the critical experiment in the MTR Mock-Up.
Specifications for active plate thickness have been changed from 0.064 in. %
0.001 in. to 0.060 in. % 0.00l in.

.Brazidgh Inclusions which may .result from excessive or improper .use of
fluxes in the brazing of fuel assemblies present possibilities of corroesion
.damage and of lithium contamination of the assemblies. Brazing .tests have been
made ;to determine the optimum .conditions .which minimize these flux inclusions.
Inclusions .are readily observed under 20 X magnification on a machined cross
.section of a brazed joint after exposure to the air for a time, since the flux
is hygroscopic .and .causes .droplets of moisture to collect at thé.paints of
flux .concentration., '

A direct compariscn .of the two proprietary fluxes, Eutectic 190 .and Alcoa
33, has .been made by brazing opposite sides of the same assembly. Examination
of :brazed joint sections .showed inclusions in both cases, with some possible
slight advantage in favor of the Alcoa flux.

.Earlier.cleaniﬁg practice using .etchant type cleaners—acid followed by
caustic—have been replaced by vapor degreasing only, because excessive blister-
ing occurred :when the etchant cleaners were used.

Brazed joints .were made using the two .different cleaning techniques on
opposite sides of the .same assembly to compare possible effects on flux in-
clusions.. Both sides were well brazed, but somewhat .fewer flux inclusions
.occurred .when .etchant :type cleaners were used.

Efforts to formulate fluxes with no lithium were not successful..

Fuel Assembly Uniformity. Althoughwithin tolerance, :sizeable dimensional
.variations occur .in the machined side plates. By careful inspection and sort-
ing of components and .pairing those which most nearly match each other, a
greater .dimensional uniformity ‘in final assemblies has been obtained. This
is .described in greater .detail in ORNL 511.

Dimensional Changes .after Thermal Cyclingu‘ The Metallurgy and Technical

Divisions have'cooperatedvin.the preparation .and .testing of an assembly by
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thermal cycling. Results have been reported in OBNL 473.
‘BERYLLIUM

Laboratory Melting and Casting. The casting.of 4% in. diameter .ingots of
‘beryllium .in .the 12 in. diameter induction vacuum.furnace has been .continued,
a total of 30 castings having been made. Previous .conclusions .about the de-
.sirability of casting the billets in an inert atmosphere rather than in a
vacuum have been substantiated. The use of argon or helium.at a pressure of
11 psi during casting has .eliminated the .blowing of .the .liquid metal from the
mold. Apparently this blowing from the mold is the result of vaporization of
volatile condensate .on the mold walls. Such condensate has .been ocbserved to
oxidize with explosive violence .when a furnace in which a melt has been frozen
directly in the .crucible is opened to thetaﬁmosphere.

Attempts were made 'to .refine the grain size of beryllium ingots by ad-
ditions .of Ti and Zr. Alloys containing 0.1% to 1% Ti and 0.1% to 1% Zr .were
prepared according to standard Be melting practice, and cast into cold graphite
molds of 4% in. diameter. The results are not definite, bqt it appears that
1% Ti may have been .effective as .a grain refiner. More work will be necessary
before this .can be considered conclusive. Analyses and results are tabulated
in ORNL 511. |

Extrusion. During this period two beryllium extrusion runs were made .at
.the Gerity Michigan Company plant in Adrian, Michigan, and one was made at
ORNL.

(1) Extrusion at Adrian.. Twelve billets were extruded in the first run.
Seven were reported as being .sound .after having been radiographed in six
positions instead .of the usual three, while five billets contained internal
cracks. Two of,the sound .billets contained small additions of .aluminum, 0.5%
in one case, and 1% .in the other. All billets were heated to 1800° F and.ex~
‘truded with a ram speed .of less than one-half inch per second. The general
‘method of extrusion was that .described in ORNL 407. ,

All extruded bars were cut .into six .inch lengths to permit investigation
of internal cracks. After being chemically polished and.etched, all the bars
which did not contain .aluminum additions were found to contain internal cracks.
The.sixth section, 36 inches from the .leading .end, .was .the first section that

was .consistently sound. The bars that came from the reportedly good billets
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.contained .fewer .and .smaller cracks .than those from unsound billets, but all
showed cracks. No.cracks were found, by .either fracture or chemical :etching,
.in any.section.from‘the'extrusionsLcontaining.aluminum.

During the second .extrusion run, billets containing.O.i%, 0.25%, .and
0.50% aluminum, respectively, and one plain billet, were extruded. The .ex-
trusion .conditions .were identical with those of the previous run.

The bars were sectiorned .at .the 6, 12, and 56 inch marks .and the sections
.examined. None of .the bars contained internal .cracks.. One .did .contain fine
.lines :caused by contamination by .a non-metallic impurity (beryliium<carbidél,
but .there .were .no .cracks.

Corrosion .and physical .tests .are being run on the entire series of alu-
minum-containing bars. These tests include both material .annealed at 1800° F
and .as-extruded material. A

The Instrument Department .at ORNL designed and built an instrument for
:recording .instantaneous values of speed and pressure for any position of the
.ram .during the working strokes. The instrument was .installed at Adrian and
,worﬁed.verywellduring,thesenextrusions” The‘records»ghdwed‘that.the‘operato:
.was'holdfng,boththepressure and speed much .more uniform than was .thought pro-
bable.:

Of twenty-five billets extruded into 3% round-corner .squares using .the
.technique .mentioned above, only one contained a serious defect that could be
traced .to the extrusion. This indicates that.a technique has been developed
that .is suitable for .extruding the three-inch .squares necessary .for the MIR.

‘The .major problem now - is the procurement .of sound eight-inch billets.
The status of the problem .of casting these billets is not .definite. This work
is being performed .at .another site.

(2) Extrusion at ORNL. Since the large 8 in. diameter billets are both
.expensive and difficult to make, some work was scheduled at ORNL, using 3 in.
billets and the same ratio of reduction .as émployed‘at.Adrian. The major
dlfference in technique between the two operations is that in Osk Ridge a
one- piece die is used which eliminates the need for .a cone on every billet.
The radius on the corners of .the die was 3/16 in. instead of the 3/8 in. used
on the large press dies. Since the supply of cast billets was limited, some
billets were made .by machining .a previously extrfuded bar.

The .results show that ‘copper .cans require a lower extrusion pressure
than .do copper .plated .steel cans. At the . lower .temperatures the .copper seemed

‘to deform more easily than the beryllium, since in many cases .the bar was
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cracked,vbut.theAjacket.had‘not,ruptuned. ‘Within .this temperature .range
beryllium has .a zone .of maximum plasticity at .about 850° F. To take .full .ad-

vantage of both this zone and .the plastic properties of the .copper jacket, ex-

trusions .in .the vicinity .of this .temperature .will be .attempted.

The .corners of the .bars were well filled under .all conditions. This in-
dicates.thAt‘the.radius.of,the;corners.of.the‘large.squates,qan be safely re-
duced .to lessen machining losses.

Testing. During the past quarter, comparative grain size, mechanical

.strength, and.corrosion .data were obtained on the metal types ‘actually consider-

‘ed for .use in construction .of the Materials Testing Beactor reflector. In-

terest has centered on Adrian extruded (4.1 to 1 reduction) and QM and QRM
grades of hot pressed metal.
Review of beryllium.corrosion work to .date indicates that hot-pressed

metal .is at least .as corrosion resistant .in simulated reactor cooling water as

is extruded metal, and .emphasizes the importance of completing corrosion tests

.to .détermine the .relative resistance .of hot-pressed metals, graades QM, QRM

and .QMV, 'and of extrusions containing some aluminum, ‘in simulatéd reactor cool-
ing water .and .in autoclave .testing.’

(1) Grain Structure Comparison. Typical grain structures of hot-pressed

and of extruded metal were examined metallographically. Transverse and lon-

gitudinal .specimens were prepared .from the center and edge of an Adrian-extruded

billet (extrfusion temperature, 1700° F). Grain refinement resulting from one-

‘hour .anneals at 1700, 1800, ‘and 1900° F, was also observed. A refined, equi-

axed .structure .resulted in each:case. The .grains from the 1900° F anneal were

‘slightly larger than.those obtained at .the two lower temperatures.

(2) Compressive Tests. Room:temperature .compressive tests were made to

obtain information on the effects of extrusion temperature on strength, the

degree .of anistropy found .in extruded metal, and the relative mechanical

strength of hot-pressed and .extruded metal. Compressive testing was .selected

.in preferencte to tensile testing because of the large number of samples in-

volved and the greater .conveniences .of fabrication.

The compressive strength appears to increase in the transverse direction

.and decrease .in the longitudinal direction with an increase in extrusion .tem-
perature within .the range tested. 'As expected from examination of the .grain

.structures and . from work previously .reported by MIT, the extruded sections

tested show .a high degree of anistropy. Differences of properties were also

.evident between center and edge samples. These differences were not observed
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.in .the .sintered metal. Extruded .metal :is substantially weaker in .compression
'in .the .transverse direction, .but generally stronger in the longitudinal .direc-
‘tion, than.inihot-preSSed.metahm ‘The .results are tabulated gquantitatively in
ORNL "511.

(3) Corrosion. At,the.request.of:the‘Laboratory,‘Battellg Memorial
Institute .conducted distilled-water corrosion tests on beryllium metal .at 600°
F (1500 psi) and 525° .F (800 psi).  Samples were selécted from vacuum .cast
metal extruded .at 1400, 1600, 1700 and 1800° 'F, ‘and from hot-pressed metal,
.grades QM .and QRM.

Results .showed that .all samﬁies, regardless of condition (as-machined,
annealed, or chemically polished for removal of cold.worked‘metai), were re-
sistant .to 525° F water. The hot-pressed beryllium was generally superior to
" the .extruded .metal in its resistance to 600° F water.

Deep Holé Drilling. Activity on .the problem of drilling long, narrow
holes in beryllium metal has .increased as.a result of the successful extrusion
‘'work at Adrian. Stock of .the desired length and cross sectién is now avail-
able for febrication .into full-sized reflector units. Success in drilling
water cooling .channels will permit greater flexibility of design .and reduce’
cost.of fabrication of the MIR reflector.

Arrangements were .made with the High Standard Manufacturing Company of
Hamden, Connecticut, and the Conner Tool .and Cutter Company of Detroit,
Michigan, to test drill .some beryllium metal in their shops. All this work
was 6bserved‘by Mr. P. Kofmehl of the Research Shops to insure proper safety
précautions .in the drilling of the beryllium.

(1) Work at Conner. A series of 3/16 in. diameter .holes was drilled
-to determiné optimum conditions .for .deep hole drilling of extruded metal. All
‘tests were conducted .on.a standard déep ‘hole machine using the Conner-fabricat-
ed tungsten carbide (Carboloy 883) tipped tools. Speeds and .feeds were varied
from 800 to 1600 rpm and between 0.24 and 1.40 .in. drill depth per minute,
respectively. Rotation of both drill and work and of work alone were tried.
Optimum conditions for .drilling with .this tool were:

Work only turning

Spindle speed .- 1400 rpm

Feed - 0.006 in. per spindle revolution or 0.840 ‘in. depth per minute

LCoolant .~ 50% paraffin and 50% sulphur-base oil

Coolant pressure - 500 psi

Evaluation .of .the .tests showed that prolonged tool life, greater,speeds,
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.and heavier feeds .are .possible with :the Conner :carbide tipped .tool. The.amount
.of hole run-out .was .greater .than that .found in similar tests .conducted with
high :speed .steel .tools .at Oak Ridge, :but:additional development work should.
.improve this factor,. '

(2) 'Work at High Standard. A similar .set of tests was .conducted .to de-
termine .the applicability .of hardened high speed steel tools for drilling
beryllium. 1In all test cases, the drill remained stationary while the work
revolved. 'Best .conditions determined for use of the HSS tool are:

-Spindle speed - 100 rpm

Feed .- 0.00028 in. per spindle.revolution or 0.280 in. depth per minute

Coolant .- "Cutmax™

Coolant Pressure - 700 psi

High .speed steel tools require more resharpening than do the carbide
.tools. One important design.feature noted is that .the HSS tool bit .is con-
.siderably .longer (2 in. as against 5/8 in.) than .the .carbide bit, and .this is
believed to be conducive .to greater accuracy in drilling.

(3) Work at ORNL. Lack of adequate deep hole drilling equipment at .the
’Léboratory necessitated outfitting a conventional lathe .with an external prime
‘mover to power the drill, a high pressure coolant pump, and special fixtures
for holding and rotating the long stock. Drill feeding is accomplished through
.use of :the lathe carriage on which a constant speed motor and drill holding
fixtures are mounted.

‘This .improvised set-up is satisfactory except .that .the preseﬁtklatheVbed
is .too short and requires drill changes every 8 in. as the hole depth in-
creases. Alterations on the .lathe .to increase .its length to 96 in. are in
progress. ’

The majority of tool failures are a result of motor slow-down under load,
which in turn greatly .increases .the rate of feed. This had;been<remedied.by
use of .a constant .speed motor.

Data for drilling deep holes in beryllium with both tool and work rotating
.are as follows:

Spindle speed.- 146 rpm (counter-clockwise)

Drill speed - 1340 rpm (clockwise)

Coolant ——sulphurized .01l with 1-2% by volume "oil Dag"

Coolant pressure .- 22 psi (

Commerical "0il Dag™ (colloidal .suspension of graphite in .oil) was added .to

sulphurized o0il to improve the lubricating properties of the coolant.
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NEUTRON :WINDOW FOR MATERIALS .-TESTING REACTOR

‘Lead is .being considered as .a possible material for fabricatién .into .a
neutron .window for the MIR. TNo=iﬁformétion(isAavailable‘on the .creep of lead
or lead alloys at 30 psi and 150° C, the probable operating conditions. Tests

are in progress to détermine .this value. Results are not yet available.
CADMIUM SECTION OF MTR SHIM -ROD

To obtain .an aluminum.clad sandwich containing cadmium, a 0.020 in. sheet
of .cadmium was covered .with:a layer of 0.010 in. .zinc .foil and .an.outer .cover
of .aluminum. Hot .rolling at 250° C was tried with 'reductions of 50% and
greater. The zinc .layer was intended .to promote bonding of the .aluminum to
the cadmium, but destractive tests showed ‘that the :-bond was not .satisfactory.

‘Further ‘tests .are planned.
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CHEMICAL PROCESSING. PLANTS FOR /THE :MATERIALS
TESTING ‘REACTOR:

1CHemicalg&ndcmétallurgicai.reprécessing‘and reactor component.fabrication
facilities for the Materials Testing Reactor have been .receiving renewed at-
tention .during the past three months. It will be .necessary to provide fuel
‘and .breeder .reprocessing plants,zmetallurgical.reprocessing;facilities,'liquid
.and gaseous .waste disposal facilities, and normal services for all reactors to
be erected at.the Idaho reactor .test site. ‘During:the months of October. -and
‘November ‘two meetings were held .to discuss chemical and metallurgical pro-
cessing.for reactors .currently being considered for Idaho-at .which representa-
‘tives from .all groups now engaged .in reactor .component chemical process de-
.velopment.weré present. A joint advisory committee, composed of representatives
from .Oak Ridge National Laboratory, Argonne National .Laboratory, Knolls Atomic
.Power Laboratoery, Atomic Energy:Commission, and headed by W. Schumacher of
Standard 0il .of Néw Jersey, has been established to review and make.recﬁmmend~
ations concerning the .chemical .and .metallurgical plants for the reactors to
be .built .at the Idaho :site.

Oak Ridge National Laboratory has been engaged in the development of
chemical and metallurgical process development for fuel and breeder materials
.in .the MIR for approximately four years. Chemical processes for the separa-
.tion of depleted U?®® .from aluminum.clad uranium-aluminum .alloy . fuel elements,
:and . the separation .of U?®® from . irradiated.thorium have been studied on labor-

atory, semi-war ks, and pilot plant scalé.

STATUS OF MTR FUEL ELEMENT 'PROCESS DEVELOPMENT (25 PROCESS)

‘The .countercurrent extraction .of uranium from.nitric acid dissolved.fuel
.assemblies with hexone .in an acid difficient system, using the fuel element
aluminum . as a salting .agent, has been demonstrated on a pilot plant scale at
.approximately 10% of the .activity level of the MTR fuel assemblies. Runs
.using 93.5% enriched .uranium.are now in progress .in the ORNL pilot plant .and
will be .complete ‘early in December, 1949. Losses of less than 0.1% uranium
‘have :been demonstrated .for two .cycles of column extraction plus.a laboratory

scale clean-up cycle. Satisfactory decontamination factors for the separation
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of uranium:from fission products and plutonium have been demostrated,

viz: Overall 2 cycle Gross ADF = 3 x 10°
Overall 2 cycle Gross yDF = 1.4 x 10%
Overall 2 cycle Pua . DF = 1.5 x 10°

This .decontamination, plus that obtained .in.a laboratory:clean-up extraction
.cYcle, are sufficient :to reduce 12 day irradiated .{(at 9.15 kw per g:am.UéaB),
120 day cooled fuel to background .for U2°® + U2°%7,

The preliminary .design for the fuel plant for .the MIR must be revised to
‘take .into .account process .changes .and .equipment development :resulting from:two
&ears.of.development work. The coordination of the design .of the MIR fuel
plant .with fuel plants .for other .redctorsto be constructed .at Idaho must be

.accomplished.

‘STATUS OF U?®® —THORIUM PROCESS DEVELOPMENT

The .irradiation of .thorium in the MTR for the production of U2®® by the
.successive capture of two neutrons has been considered. Present thinking is
that .no .thorium will be placed in the MTR at start-up; the thorium production
rods have been removed from the reflector zone and replaced with beryllium
sections .to permit an approximate increase of 16% in thermal neutron flux in
.the heryilium.and graphite zone for irradiation experiments. Thorium sections
in the.shim safety rods have been replaced with cadmium. The removal of
thor ium production rods is a result of a change in philosophyrconcerningithe
use of the reactor primarily for irradiation of various materials.at a high
neutron . flux. Provisions will be .made to replace beryllium reflector pieces
‘with thorium .rods for .intermittent U?®® breeding experiments.

A countercurrent solvent extraction process for the separation of U%2°°
from thorium.and fission products has been demonstrated on a laboratory and.a
countercurrent batch scale using either diisopropyl ether or dibutyl carbitol
.a8 the extractant. A pilot plant for a single cycle of countercurrent column
extraction has been built .and is now .starting operation to demonstrate the U?%°
.récovery process. Hexone has been .substituted for diisopropyl ether and
dibutyl .carbitol, becauseit is.less.volatile (hence less danger . from explosion,

‘fire, etc.) than diisopropyl ether, and because it has a lower HETS than
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.either -DIP or .DBC,easier to use in .column operation than dibutyl carbitol.
Experience gained with the hexone system in 25 and Redox‘develobment.plus
.laboratory countércurrent .batch runs.indicated :that .the demonstration of the
.23.process.will‘b&easily.accomplished. Pilot plant .rums .on ?QOﬂkg‘Of thorium,
irradiated in the Hanford .piles for ninety days and .cooled from nine months
.to two years, will be completed by March, 1950.

METALLURGICAL FABRICATION OF MTR ASSEMBLIES

Metallurgical :alleying, cladding, and assembly of uranium.fuel :assemblies
-has been .satisfactorily .accomplished. Actual fuel assemblies . for the MIR are

now being .fabricated.

SUMMARY OF CHEMICAL-METALLURGICAL PROCESSING MEETING DISCUSSIONS

‘A meeting to discuss .chemical-metallurgical processing plants for the
Tdaho reactor site were held .at Argonne National Laboratory .on Oct. 11, 1949,
‘at .which representatives from all ;areas concerned with chemical process de-
velopment were present., The important .considerations and .conclusions of this
meeting .were reported in ANL-SM-50 by Dr. Stuart McLain and in ORNL CF-49-11-140
by F. L. Culler. The following points have been extracted from these documents
.to present .the more important .decisions: .

1. The reactors which are now being . cons1dered for construction in Idaho,
plus .other reactors whose fuel and breeder materials may be processed there,

were listed .and discussed. The following table summarizes the limited data

presented.
REACTOR FUEL :(yearly) BREEDER (yearly) | LOCATION
CP4 ‘40 kg 25 (E) Stain-| 4 tons natural U| .
less or Zr Alt. 40 | Stainless Clad Idaho
~ kg Pu Be Reflector
MTR 70 kg 25(E) Alumi- | 2.tons Th 3 kg | .
num Alloy Be Re- 23 Aluminum .Idaho
flector :

67



REACTOR . | .FUEL.(yearly) [BREEDER (yearly) LOCATION
Y (cont'd) (cont’d) {cont’'d) (cont*d)

Navy .Phototype | 100 kg 25(E) Stain-
‘less or Zr Be BRe-

fléctor ‘None Idaho
Knolls v 40 kg 25(E) Stain- 12 tons natural U

less or Zr Be Re- [Stainless Steel

flector ' West Milton
CP5 4 kg 25 or equi-

.valent Natural U Chicago

Other .reactors to consider .are as.follows:

REACTOR FUEL . (yearly) BREEDER {(yearly) LOCATION

‘University BRe-

".search Reactor iO kg 25(E) ? ?

ORNL
. ‘Homogeneous 25 kg 25(E) 2 Oak-Ridge
Brookhaven Natural .U (?) . ? P

It can be seen from the foregoing table that facilities for chemical and
metallurgical processing of the following materials may be required at .the

Idaho reactor site:

U-235 (93.5% down to pessible 60%‘quality)

Zirconium.(possibly)

A& .

b. Natural Uranium
‘¢, Plutonium ’
d. 'U-233 (and Pa)
e. Thorium

f. Beryllium

8.

h

: Neptunium:(of experimental interest, from 25 plant).

There is also.a possibility that oﬁher.chemical.separations plants for

- such materials as Ba-140 and RW irradiation materials may be required at .the
site because‘of,availability o£«large.neutfon.fluxes in such units as .the MTR.

- ‘2. The group févored,a combined .chemical-metal lurgical processing . fac-

.cility for all reactors proposed for the Idaho site, but recommended that .this
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proposition be studied .further by an . advisory group familiar .with more of the

.detailed requirements .for each .reactor.

3. The :appointment of .an .advisory .committee for chemical processing was

.recommended .

4. The design of .the MIR .and .its .service facilities was to proceed .with-
out .consideration of chemical and metallurgical plant requirements.
As a result of .the Chicago meeting, an advisory committee, was appointed

and .a .meeting held in Boston on Nov. 1, 1949. ‘The committee, in order to

~ establish the general :scope of chemical .and metallurgical proceeding, has pre-

" pared a survey questionaire to be circulated for answer to various sites where

reactor :and chemical process development is being carried out. The committee

.will serve in .an:advisory capacity only.

’
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