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SUMMARY

PART I. MSRE DESIGN, COMPONENT DEVELOPMENT, AND ENGINEERING ANALYSIS

1. MSRE Design

In order to facilitate graphite sampling and to make possible the use of
solid control rods, the reactor layout was reviewed, and the pump location was
moved from the top of the reactor to a position which left the top of the reactor
accessible from above. This change, while not of a basic nature, necessitated a
considerable amount of new design work.

A "tee" section on top of the reactor vessel was designed as a port of entry
for control rods and graphite samples and as an outlet for fuel. A frozen salt
seal and a gasketed flange type of gas seal were designed for the entry port.
Also thimbles and rods together with rod drives and a cooling system had to be
designed for the control system.

Moving the pump required designing a pump support structure which would
allow movement of the pump as the suction and discharge lines changed length with
thermal cycling of the system. Stress analysis of the entire piping system was
redone.

Auxiliary systems for the pump, off-gas handling system, electrical heating
system layout, and all penetration designs were modified somewhat as a result of
the cell piping changes.

Containment cell penetrations were designed and checked. The design of the
top plugs was modified to increase the minimum design pressure for the contain-
ment to 4O psig.

The drain-tank cooling system was simplified and improved with respect to
mechanical complexity and steam flows.

Major building modification design was completed and sent to prospective
bidders.

Component designs were completed, and a design report for these components
was issued. A design package consisting of the reactor vessel, storage tanks,
radiator, and heat exchanger was sent to prospective bidders.

Thirteen instrument-application drawings were issued for comment. Prepara-
tion of these drawings is approximately 85% complete. Preparation of instrument-
application tabulations is approximately 60% complete. Twelve thermocouple-
locations drawings were issued for approval. Control circuit design is in a pre-
liminary stage. Layout of the instrumentation and controls system 1s proceeding
as layout of the building and equipment become firm and as instrumentation
requirements become known. A front-elevation layout of the main control board
and a proposal for layout of the main control area have been prepared.
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A study of MSRE data-handling requirements 1s nearing completion.

A study is under way to determine the most reliable and least expensive
method of providing single-point temperature alarm channels for monitoring the
operating status of freeze flanges and valves.

There are no areas of design which pose unresolved problems, and the design
of the MSRE is essentially on schedule.

2. Component Development

Design of a 5-in. freeze flange incorporating a buffered ring-joint gas seal
was completed and procurement initiated for INOR-8 forgings and soft nickel rings.
A 6-in, freeze flange of Inconel was fabricated and installed in the thermal-
cycle and gas-seal test facility, using a 400-kc induction coil in the bore to
produce the temperature distribution. A study of fabrication and inspection
methods for the flanges and rings was initiated. Thermal cycle and seal tests
for a 3-1/2-in. Inconel flange and gold-plated Inconel gasket using a spring
clamp indicated that successful seals can be made by this method.

Freeze valves opened by Calrod heaters and incorporating siphon breaks were
installed in the engineering test loop and successfully tested under extreme
operating conditions.

A two-piece pipe heater insulation unit was tested and discarded because of
excessive heat loss. A modified heater, better adapted to maintenance from above
and designed for less heat loss, was accepted for testing.

Tests conducted on the core-heater prototype verified the calculated heat
loss; however, insulation shrinkage caused some trouble. The system was operated
for 3000 hr without difficulty and with no apparent deterioration of the metal
components.

A firm proposal for the sampler enricher was accepted for testing and detail
design was started.

The solder freeze valve was less reliable than had been predicted and was
replaced in the sampler design with a buffered-seat gate valve. The sample cap-
sule development progressed to the stage of a hot-cell crushing and unloading
study. A sample transport container was designed and constructed for testing a
system of atmospheric control during shipment of the deoxidized capsule to the
site and return of the sample to the hot cell.

The drain-tank cooler was mocked up and testing was started.

Flow tests in the lower head of the one-fifth-scale core model indicate a
shift in the flow characteristics with reduced flow. Fuel age and heat transfer
coefficient and characteristics of solid distribution were measured in this area.
Efforts to produce oscillatory disturbances in the core were unsuccessful.

Components for the full-scale-core-model test loop were fabricated and in-
stalled in preparation for the arrival of the core internals.

Helium purification tests, using titanium sponge as the oxygen getter, were
used as the basis for the design of a full-scale MSRE helium purification system.

The engineering test loop was operated continuously for 1300 hr; the oxide
buildup history was observed during a startup-flushing operation. Revisions made



to the bubble-type level indicator made the system very reliable under engineering-
test loop conditions. The design of the graphite section of the salt loop to-
gether with the graphite-handling dry box was completed and fabrication started.

A maintenance plan using the most appropriate maintenance method for each
operation was evolved. The one-twelfth-scale model was completed to the existing
design stage. A full-scale maintenance mockup is being constructed for study of
special problems such as freeze-flange operation.

The program to develop a remotely brazed joint for l—l/2—in. pipe progressed
to the bench-demonstration stage, and design for tools to produce remotely brazed
Joints was started. Several mechanical disconnects were demonstrated which could
be used in auxiliary lines.

A program was initiated for the study of the steam generator problems.

Development of a continuous-level element, for use in measurement of molten-
salt level in the MSRE fuel and coolant salt pump bowl, is continuing. A
graphite float assembly was fabricated, and a test stand was constructed. A
recent transformer design for the level element was operated for more than two
weeks at temperatures in excess of 1200°F without evidence of insulation failure.
Performance data obtained from this transformer at temperature is very encouraging.

A new design concept for a single-point conductivity-type level probe was
developed and tested. A conceptual design was developed for a two-point level
probe, based on the new design concept and compatible with the physical geometry
of the MSRE storage tanks.

Extensive measurements were made of the resistivity of a molten salt at
various voltages, frequencies, and temperatures.

A temperature-scanning system is being developed to a present profile dis-
play of approximately 250 thermocouples attached to the reactor pipes and
components.

The development of techniques and procedures for attaching sheathed thermo-
couples to INOR-8 pipes and vessels is continuing. Sample quantities of sheathed
thermocouple wire have been procured, and several methods of attachment are being
investigated.

3. Reactor Engineering Analysis

The MSRE temperature coefficients of reactivity were calculated and found to
be -2.8 x 107 Ak./°F for the fuel salt, and -6.0 x 107> Ake/°F for the graphite.
The reactivity worth of all three MSRE control rods was calculated to be 6.Th
Nke. The worth of individual rods varied between 2.8 and 2.9% Ake, while the
reactivity worth of pairs of rods varied between 4.9 and 5.3% JAY. 9NN

The addition of rod thimbles (no control rods) lowered the peak-to-~average
power density ratio by about &% of the homogeneous reactor value and moved the
position of peak power density to a point about 6 in. away from the reactor
center line.

The peak gamma-ray heating rate in the core was calculated to be 2.5 w/cc
with the reactor at 10 Mw; the maximum fast-neutron heating in the rod thimbles
(rods out) was about 0.1 w/cc.
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The critical fuel concentration with the use of 4O-mil-thick INOR-8 fuel
tubes in the MSRE was calculated to be nearly double that associated with no
cladding present.

An improved estimate of the activity associated with the Flg(n,a)le reaction
was obtained. The N1© activity in the fuel salt ranged from 0.27 x 101° dis sec™*
ce ! of fuel at the pressure-vessel inlet to 0.65 x 10° at the exit from the
core proper. The activity associated with the pump bowl was calculated on the
basis that the daughter products of xenon and krypton plate out in the bowl. The
associated dose rate 10 ft from the pump bowl was 10° r/hr after 10 days' cooling
time following 1 year's operation at 10 Mw. For the same conditions, the resid-
val activity in the heat exchanger gave a dose rate of 2 x 10*% r/hr, based on the
assumption that all the isotopes which might plate out on INOR-8 do so in the
heat exchanger.

The gamma-ray dose rates above the top shield (3.5 ft of barytes concrete
plus 3.5 ft of ordinary concrete) during 10-Mw operation were calculated to be
about 15 mr/hr for a solid shield and about 80 mr/hr if the ordinary concrete
has 1/2-in.-thick slits; the neutron dose rates for these conditions were about
2 mr/hr and 4.6 r/hr, respectively. Filler material and additional shielding
will reduce the dose rates below the tolerance value.

Estimates were made of the dose rates outside the side shield from individual
sources within the reactor cell. The primary radiation source during 10-Mw power
operation was the neutron-capture gammas from the iron in the thermal shield.

With 7 ft of ordinary concrete the total dose rate was about 45 mr/hr; addition
of 1 ft of barytes concrete block reduced the dose rate to about 1 mr/hr.

PART II. MATERIALS STUDIES

L, Metallurgy

Examination of the final eight INOR-8 forced-convection loops was completed,
and summary information for the program is reported. In general, maximum corro=-
sion rates of INOR-8 by fused salts at 1300°F ranged from 1/2 to 1 mil in 20,000
hr for both LiF-BeFz and NaF-BeF> systems. The attack was in the form of a
pitted surface layer.

The compatibility of molybdenum sheet with the materials in the MSRE system
has been tested in thermal convection loops. No significant attack was observed
on the metal parts of the system; however, a deterioration of the mechanical
properties of the molybdenum was noted.

Corrosion studies were started in order to test the effect of the oxidizing
impurities in fused-salt mixtures. Tests designed to establish the effect of
moisture were completed and are being examined.

Work was continued in order to determine the solubility limits of chromium
plus iron in nickel-base alloys containing 18% molybdenum over the temperature
range of 900 to 2000°F. A phase boundary for this metal system has been
established.

The 'temperature range of melting was investigated for various heats of INOR-8,
and data are presented that show solidus temperatures to be higher than nil duc-
tility temperatures reported by Rensselaer Polytechnic Institute.
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Specific heat of annealed INOR-8 was determined by direct calorimetric
measurements and the data reported. An anomalous rise of about 20% was observed
at approximately 600°C.

The total hemispherical emittance (t.h.e.) was determined for INOR-8 in the
bright-finished, matte, and oxidized conditions. INOR-8 in the oxidized condition
was found to have a t.h.e. at 600°C of 0.76, compared with 0.2L for an unoxidized
surface value.

Studies were conducted to circumvent the problem of cracking and microfissur-
ing observed in the welds of certain heats of INOR-8 material. The problem is
associated with improper melting practices used by vendors in pouring the initial
ingots. By using base metal and weld metal originally poured under staisfactory
conditions, sound, crack-free welds possessing good mechanical properties can be
made.

An investigation is under way to develop brazing procedures suitable for
remote fabrication operations. Brazed joints possessing good shear strengths at
elevated temperatures were made, and a joint design suitable for remote operation
was developed.

A program has been started to determine the strain fatigue behavior of INOR-8.
Data at 1300 and 1500°F are reported with a plot of Coffin's equation.

Molten-salt permeation tests with different grades of graphite indicated
that increasing the diameter of a graphite rod or fabricating it in the shape of
a pipe can decrease its resistance to impregnation by molten salts.

Tests showed that oxygen contamination can be removed from a moderately
permeable grade of graphite by exposing it for 20 hr to the thermal decomposition
products of NH4F-HF at temperatures as low as 930°F. The tensile specimens of
0.040-in.-thick INOR-8 exposed to this same oxygen-purging atmosphere developed
a reaction layer <0.0005-in. thick. The reaction layer did not alter the prop-
erties of the INOR-8.

5. In-Pile Tests

A molten-salt-fuel capsule experiment, ORNL-MIR-LT7-3, has been operating at
the Materials Testing Reactor from May 5 to July 24 and is now at Battelle
Memorial Institute for postirradiation examination. The four capsules contained
fuel in AGOT, fuel impregnated, or R-0025 unimpregnated graphite "boats". Samples
of molybdenum, pyrolytic carbon, and INOR-8 were irradiated in contact with the
fuel to temperatures to 900°C.

6. Chemistry

The phase diagram for the ternary system NaF-ThF4-UF4 has been finished;
this completes the systems limiting the quaternary NaF-BeFo-ThF4-UF4 and provides
interesting comparisons with LiF-BeFo-ThF4-UF4, in which solid solutions arising
from the interchangeability of UF4 and ThF4 are much less common.

Studies of the crystallization of the MSRE fuel show that with fast cooling
a nonequilibrium path is followed along which the equilibrium primary phase,
6LiF+BeFo+ZrFy, fails to nucleate. Slow cooling leads to considerable segregation
of the MSRE fuel (LiF-BeFp-ZrF4-ThF4-UFs, 70-23-5-1-1 mole %), with UF4 concen-
trated in the last liquid to freeze. Since the first phases that freeze out are
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rich in ZrF4, the depleted residual liquid can, under some conditions, deposit
UO2. ©Small segregated regions are produced vhen frozen plugs of fuel are used
as freeze valves,

Much difficulty has been encountered with fuel studies that involve the
sampling and the measuring of oxide content in the range 100 to 1000 ppm. A
suitable resolution of the problem of oxide analyses is being sought.

An apparatus for measuring the surface tension of fluoride melts has been
constructed for use in studying the wetting behavior of salts with respect to
graphite. Graphite withstood at least a mild exposure to cesium vapor without
noticeable alteration of its interfacial behavior toward fuel.

A large-scale move from laboratories in the Y-12 Plant to new quarters at
ORNL interrupted much work on MSRE problems in both the Analytical Chemistry and
Reactor Chemistry Division. Methods for analyses of the MSRE cover gas are under
development, as are improved treatments for fuel and coolant purification.

T. Engineering Research

The enthalpy of the coolant mixture LiF-BeFs (68-32 mole %) was determined
over the range 50 to 820°C. For the liquid, the heat capacity varied from 0.48
cal/g+°C at 500°C to 0.66 cal/g-°C at 800°C. The solid-liquid transition was not
sha;ply defined; the heat of fusion, evaluated between 360 and 480°C, was 151.k4
cal/g.

In order to further clarify the heat-balance discrepancy noted in the heat-
transfer studies with the LiF-BeF,-ThF4-UFs (67-18.5-14-0.5 mole %) mixture, the
enthalpy of the liquid was redetermined, using a sample of circulated salt.
Despite significant differences in comp031tlon, the enthalpies of circulated and
uncirculated salt samples were equal within 3. 5p. In contrast, the heat capaci-
ties showed a deviation of as much as 10% at the extremes of the temperature
range (550 to 800°C); mean values of the heat capacity were identical (c =
0.335 cal/g-°C).

Interpretation of the data obtained in the study of heat transfer with the
LiF-BeF o-UF4-ThFs (67-18.5-0.5-1% mole %) salt mixture was continued, with pri-
mary emphasis on the evaluation of the abnormal heat balances observed. Exami-
nation of the data and the analytical procedures suggests that additional measure-
ments of the heat capacity and density of this salt mixture are needed to resolve
possible errors in the convective heat gain.

8. Tuel Processing

Compounds of SbFs with KF, AgF, and SrFo were prepared by reacting the com=-
ponents in anhydrous HF. Products were AgSbFg, KSbFg, and a compound that may
not have been stoichiometric in the case of SrFs.

The material prepared by reacting NaF with MoFg in HF had the approximate
composition MoFg+5NaF plus some HF; attempts to remove the HF by evacuating the
container appeared to remove some of the MoFg as well.

Reactions of LiF, NaF, and KF with UFg, all in HF solutions, yielded yellow
or orange solids on evaporation of the solvent. The solids contained HF and much
less UFg than the anticipated complexes, probably because of evaporation of UFg
during the HF evaporation.



A single experiment to test the possibility of separating rare earths from
ThFs in MSBR blanket salt by dissolving the rare earths in HF containing SbFs
was unsuccessful; the HF-SbFs solution dissolved neither rare earths nor thorium.
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PART I. MSRE DESIGN, COMPONENT DEVELOPMENT,
AND ENGINEERING ANALYSIS

1. MSRE DESIGN

1.1 INTRODUCTION

Just as the semiannual report for the period ending February 28, 1961 was
being issued, it was decided to review the fuel-circuit design with regard to
two questions: (1) should the reactor vessel have a flanged top head, and (2)
should the pump be removed from the top of the reactor.

The additional design studies indicated that it was not practical to flange
the reactor head but that it was probably worth the additional complexity in
pump mounting to remove the pump from the top of the reactor vessel. It was
believed that the only advantage provided by flanging the reactor top was in the
ability to remove the core independent of the reactor vessel. This was thought
not to be of sufficient importance to warrant the additional complexity of a
large flanged seal.

Moving the pump off the reactor, however, was thought to be quite desirable
in order to facilitate graphite sampling and control-rod operation. The com-
plexity of a more involved pump mount was thought to be justified by the
accessibility to graphite and rods which it provided. Accordingly, the design
was changed to include the new fuel-pump location.

The liquid-poison tubes described in the last report were eliminated. With
the pump moved off the reactor and with the top exposed, the more conventional
and tested solid control rods were preferable.

In all other basic concepts the MSRE system has remained the same, and
detailing of building alterations and component design has proceeded. The
result is that the building-alterations designs and component designs, together
with specifications for these designs, have been issued to prospective bidders.

The electrical heater design is not yet finished, but work is proceeding
without difficulty. Instrumentation is also incomplete but is being carried
forward as rapidly as necessary to meet construction and installation schedules.
Design of both these phases can be accomplished during the building-alteration
period and the component-fabrication period.

There will be a decline in design manpower effort as of October 1, 1961,
and for the remainder of the fiscal year the design manpower will be carried at
a reduced rate. This effort will consist in effecting necessary minor changes
and completing auxiliary-systems designs.



Major items of design are discussed in more detail in the paragraphs which
follow.

1.2 REACTOR CORE AND VESSEL

The general configuration of the core and container vessel has not been
changed, but some changes have resulted because of moving the pump off the top
of the reactor. These changes involve: (1) the reactor discharge line, (2) the
upper-head neutron shield, (3) the graphite-sampling access, and (L4) the control
rod penetrations. The reactor is shown in Fig. 1.1.

The reactor discharge is through a 10-in. pipe, rising vertically from the
center of the top head. This 10-in. pipe has a 5-in. side outlet leading off to
the pump suction. The 10-in.-diam vertical section terminates in a flanged top
with a metallic O-ring gasket. Into the 10-in. pipe, and extending down to a
point above the 5-in. discharge tee, is a hollow plug which is welded to the
mating flange. The purpose of this plug is to provide removable penetrations
for control rod thimbles and a graphite-sample port. There is an annulus between
the plug and the vertical pipe and fuel entering this annulus can be frozen to
form a salt seal. In this manner the ring-seal flange is never required to hold
molten salt but becomes a gas seal only. Air is circulated on both sides of the
annular space. When the air is unheated it serves as a coolant to establish
this freeze plug. The air passes through an electrical furnace so that it can
be heated, when desired, to thaw the plug after the reactor has been drained so
that the plug can be removed.

Removing the pump off the top of the reactor vessel made it unnecessary to
put the massive INOR-8 shield plug in the top plenum of the reactor vessel.
This plug has been eliminated completely, and the resulting space will be filled
with fuel.

Provision has now been made for control rods and graphite samples in the
center of the reactor core. The four graphite stringer positions at the corners
of the exact center of the core are omitted from the core matrix. INOR-8
thimbles are inserted in three of these positions. The upper ends of the
thimbles are welded in the bottom of the plug which fills the 10-in.-diam
vertical pipe on top of the reactor. These thimbles then provide penetrations
into the core into which solid control rods can be inserted for control of the
reactor.

The fourth position in the core is arranged to accommodate four 7/8-in.-diam
graphite rods. Any one of these rods (which extend only down to the midpoint of
the reactor, the lower half containing a standard stringer of half length) can
be withdrawn from the reactor for examination.

In order to remove the sample graphite a 3-in.-diam access tube extends up-
ward from the base of the flanged plug. A bolted flange seal on top of this tube
can be removed for access to the core. This 3-in. riser tube has a plug,
similar in principle to the one used on the 10-in.-diam pipe, with a similar
frozen-salt annular seal.

The plug in the graphite-sampling port provides a holddown of the four
samples. When the flange is unbolted and the plug is removed, the samples are
free and can be removed by the graphite-sampling device. 1In the event that the
condition of the sample warrants more extensive examination, main graphite
stringers can be removed by opening the 10-in. flange and removing the entire
control-rod-thimble assembly.
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The tubes for liquid poison, previously considered for reactor control, were
abandoned in favor of rods similar in design to those used successfully in the
Aircraft Reactor Experiment. The control design is discussed in Sec. 1.10.

1.3 PRIMARY HEAT EXCHANGER

Heat transfer and pressure-drop calculations for this component, along with
preliminary stress analysis, have been reported in the component design report.

Drawings showing configuration and support and tiepoint locations have
been prepared and were included with the component package released for bidding.

1.4 RADIATOR

The design of the air-cooled radiator coil® and enclosure was approved, and
drawings and specifications were released for bidding.

The door drive mechanism and superstructure, which were not included in the
coil-and-enclosure bid package, were redesigned. The single counterweight for
the doors was eliminated. Each door was suspended from a drive shaft by means
of a wire rope and sheave assembly. A flywheel was mounted on each drive shaft
to prevent damage to the door by causing it to fall slowly when released. An
over-running clutch was provided for each flywheel to allow the flywheel energy
to be dissipated through friction. A magnetic clutch and a magnetic brake were
placed on each drive shaft to permit individual raising, lowering, and positioning
of the radiator doors. A chain drive system was retained in a modified form.
The redesigned radiator assembly is shown in Fig. 1.2.

1.5 FUEL-SALT DRAIN TANKS

Several changes were made in the design of the fuel-salt drain tanks. The
most significant one was the method of connecting the steam and water lines from
the bayonet heat-removal units to the steam dome and water supply.

The number of bayonets was reduced from 40 to 32, and the steam dome diame-
ter was increased to 48 in. The steam lines enter the steam dome through the
lower head, and the bayonet water supply tubes are concentric with the steam
lines except at their inlets inside the steam dome. The water supply tube in-
lets are through the wall of the steam outlet nozzles. The steam dome serves as
an intermediate water reservoir during operation. The water inlets are staggered
on two elevations to permit use of only half the bayonets, if desirable, by
controlling the condensate return rate. The condensate returns to the steam
dome from a reservoir located with the condenser outside the drain-tank cell.

The bayonets rest on a support plate which is attached to the steam dome.
This permits removal of the steam dome and bayonets without removal of the tank.

The steam dome has a penetration through its center, through which passes
a nozzle from the salt tank. This nozzle provides access for inspection and
sampling and for inserting level probes in the salt tank.

Figures 1.3 and 1.4 depict the new arrangement of the bayonet heat-exchanger
units and the complete fuel-salt drain tank, respectively. This arrangement
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simplifies the unit, lowers its fabrication cost, improves the water supply sys-
tem, facilitates maintenance, and reduces maintenance cost.

Other minor dimensional changes were made.

1.6 EQUIPMENT LAYOUT

One major change in layout design has been made. The fuel pump has been
moved off the top of the reactor, and, therefore, the pump mount must provide
flexibility in order to allow for movement imposed by thermal expansion of the
lines. Figures 1.5 and 1.6 show the plan and elevation of the layout of the
salt circuits.

The fuel system now permits the removal of any component, although, to
remove the reactor or pump bowl, shifting of some other components will be
required.

The piping system for the revised layout has been analyzed for stresses
and has been found to be conservatively loaded by a good margin. The coolant
piping system has also been analyzed by the same computer code and was found
to be satisfactory.

A satisfactory layout has been accomplished for the secondary piping (for
oil, gas, and cooling water) for the fuel pump. The final design makes use of
a ring-joint flange for each line. These flanges are grouped around the pump
in a circular pattern to facilitate remote make and break of these containers.

A satisfactory layout of service disconnects plus spares has been finished
for the electrical heaters and the thermocouples.

Details of containment penetrations for all services (gas, electric power,
lubrication, and instrumentation) have been designed. The reinforcement of the
vessel wall for these penetrations was designed and analyzed for stresses.

The nuclear instrumentation penetrations have been reduced to one large
tube in which will be housed all the radiation counters to be used on the equip-
ment.

The cooling air which is used to establish and maintain the freeze valves
and which also cools the control rods and top surface of the fuel pump is
supplied from positive-displacement air pumps located in the special equipment
cell. This air is recirculated, and the heat is removed by the space coolers
within the reactor containment vessel.

A1l structural members for component mounting within the containment vessel
have been designed. This includes the reactor thermal shield, which 1s used as
the structural support for the reactor.
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1.7 COVER-GAS SYSTEM

The original design of the cover-gas system provided the alternatives of
recycling or discarding contaminated helium at the option of the operator.
Since the equipment for cleaning and recycling the gas requires some additional
development as well as additional expense, installation of a recycle system has
been deferred.

The conceptual design of the components of the supply-and-discard system
was completed, and the construction drawings were started for the charcoal beds,
the cell blowers, and the helium dryers. A drawing showing the general location
of components and the arrangement of interconnecting piping was issued for review
and comment. Design memoranda on the charcoal beds and the leak detector system
were issued. The only basic change made in the off-gas system was in the xenon
holdup time provided by the charcoal beds. The design now calls for a xenon
holdup time of 90 days at a sweep-gas flow rate of 4.2 liters/min (6000 liters/
day) .

The leak-detector system will be used to monitor flanged joints in the fuel-
circulating system and in various auxiliary lines. Helium pressure, higher than
system pressure, will be applied against joint-sealing surfaces. Leakage, if
any, will be into the salt system, and leaks will be detected by loss of helium
pressure. (See Figs. 1.7 and 1.8).
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1.8 SYSTEM HEATERS

The design of a typical line-heating unit has been changed from that previ-
ously reported. The present design is shown in Fig. 1.9; remote-maintenance
practices dictated this modification in the unit. The heater as shown can be
removed from the pipe by breaking the electrical disconnect and engaging the
lifting eye with a tool. A simple lifting motion will then remove the unit.

The unit consists of heating elements of resistance coils (Nichrome V) embedded
in fused alumina, thermal insulation, and a metal container or housing. The
thermal insulation is a light-weight felt of alumina and silica. Reflective
foils are placed at intervals through the insulation. The horizontal piece does
not contain heating elements. It serves only as thermal insulation and as a
support for the top unit. Process-piping supports penetrate it.

Heating elements are provided in the radiator enclosure. Flat, ceramic-
embedded heating elements are mounted where possible around the radiator coil.
These elements have a combined capability of 30 kw and will be used for pre-
heating and during periods of zero-power operation. At all other times they will
be energized at a reduced voltage. Tubular heating units are placed parallel to
the tubes and are located between the tubes and the radiator-enclosure doors.
The tubular elements will have their full-rated voltage applied when the doors
are closed or dropped. The surface temperature of these units will reach 1000°F
in 1.5 min, and the heaters are installed to prevent freezing of the outer row
of tubes in a loss-of-flow incident. The tubular heaters can also be used in
preheating and during barren-salt operation.
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ELEVATION

1.9 DESIGN STATUS OF REMOTE-MATINTENANCE SYSTEMS

1.9.1 Maintenance-Design Systems

Two distinct systems of maintenance are provided, one of which permits
working directly through the shielding roof plugs for replacement of small com-
ponents or the preparation for removal of large components, and the second
requires operation of the crane and a manipulator from a remote control room.
Although it is theoretically possible to do all maintenance tasks by the fully
remote method, the use of semidirect methods will greatly reduce the time
required to perform many small jobs. Furthermore, the capital cost of Building
7503 shielding will be greatly reduced since it will not be necessary to provide
protection to control room and office areas for long periods of time while all
roof plugs are removed from above the reactor cell for remote maintenance.

1.9.2 Remote Maintenance by Manipulators

The completely remote maintenance system, to be used for the replacement of
those major components which require removal of major portions of the cell
shielding, requires that personnel, operating in a shielded area, can see and
manipulate the cell shielding, the component disconnects, and the components.
The elements of this system have been designed or specified. The maintenance
control room, above and to the right of the reactor cell (see Fig. 2.28), pro-
vides a shielded work area with windows for direct vision of the reactor cell,
drain cell, and crane bay. Located in it are controls for the 7.5-ton and 30-
ton cranes, the manipulator, air-operated tools, and the television system.

The 7.5- and 30-ton cranes will be modified to permit control of five speeds
and three speeds, respectively, in all directions, from the maintenance control
room. The 30-ton crane will be further modified by the addition of a motorized,
360°-rotating hook and a remote-reading load cell.

The manipulator and bridge have been specified and the rails designed to

permit the manipulator to be used over the reactor cell and the maintenance-
practice cell.
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The television viewing system provides two pairs of stereo cameras, each
pair with its own pan-and-tilt mechanism and vehicle to carry it around the
track.

Specifications have been written for automatic 1lift tongs (Fig. 1.10) that
will engage, 1lift, lower, and disengage the lower shield beams and shield support
beams, using only the remotely operated crane.
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1.9.35 Remote Maintenance by Manual Operations

This semidirect maintenance system permits personnel to use manually operated
tools through the cell shielding and to view directly through small windows or
with optical aids. Conceptual design of and procurement for the portable mainte-
nance shield has been completed. The shield covers the opening left by the
removal of two lower shield beams from the reactor or drain cell and provides a
movable opening through which tools, windows, and lights can be inserted.

Several hand tools have been designed for use with the shield.
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Several special problem areas have had to be considered separately. A
fixture has been designed for the removal and precise replacement of the rela-
tively heavy sampler-enricher spool piece with expansion bellows. The mechanical
tools for making a remotely brazed joint have been designed and detailed for
construction. These include machines for holding the pipe, cutting it, taper-
machining the male stub, assembling the joint, and holding it during the brazing
cycle.

1.9.4 Assembly Jigs and Fixtures

The design of the jigs and fixtures for the assembly of the reactor, fuel
circulating pump, heat exchanger, and associated piping is progressing. The
conceptual work is almost complete, and detail design has been started. A small
model has been built. The jig (Fig. 1.11) will consist of four basic parts plus
additional supports and bracing. After the completion of the fabrication of the
initial system, the jig can be broken down into four parts for storage. If it
becomes necessary to fabricate replacement components, only two parts of the jig
will be required for the duplication of any given component.
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1.9.5 Graphite-Sample Removal

The preliminary design of a proposed method for removing the small (7/8—in.—
diam) graphite core samples has been completed. The graphite sampler consists
of’:
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1. An eccentric steel plug 32 in. in diameter and 18 in. thick [Fig. 1.12
(3)] fitted with seals and buffer gas to prevent the escape of activity
or the introduction of air to the reactor system while samples are being
removed and replaced.

2. A standpipe [Fig. 1.12 (6)] bolted to the sample access flange and to
the lower shield plug for containment purposes. An exhaust line will
be attached to the lower end of the standpipe, and nitrogen will be
introduced at the upper end [Fig. 1.12 (5)].

Inside the standpipe will be located two containers for the graphite samples,
one containing the new graphite sample to be installed and one for the graphite
sample that is to be removed. In addition, a bracket [Fig. 1.12 (8)] for holding
the sample-access flange and holddown assembly [Fig. 1.12 (7)] while samples are
being changed will be mounted on the side of the standpipe.

Viewing will be through a lead glass plug, and general lighting will be pro-
vided by a floodlight [Fig. 1.12 (17)] inserted in the eccentric steel plug. A
zirconia light will be used to project a light beam inside the sample-access
pipe for handling the graphite samples.

1.10 REACTOR-CONTROL DESIGN

After a preliminary assessment of MSRE hazardsu it was concluded that neither
the amount nor the rate of addition of excess reactivity from any source would
create a hazard. Therefore, the need for a fast-acting, multichannel safety
system is eliminated.

Control rods have been designed to shim for reactivity changes as follows:

1. Xenon 0.013
2. Fuel-pump speed 0.002
3. Power coefficient 0.002
4. Burnup between fuel additions 0.002

5. Temperature control (~300°F)
and fuel penetration 0.027
Total reactivity 0.0L6

Three control rods are provided. Each control rod has a maximum worth,
when inserted with all other rods withdrawn, of 0.025 &k/k. Their combined
worth is 0.0L6 8k/k. The maximum rate of withdrawal for a single rod is
0.0002 Bk/(k-sec). With three rods inserting as a group, the maximum rate
of poisoning is 0.0005 &k/(k-sec).

A1l rods are identical, and any one, but only one at a time, may be used
as a servo-operated shim for sutomatic control purposes.

Control rod design has been altered by substituting solid, mechanically
driven rods for the liquid poison tubes originally considered.

Each poison rod consists of a series of short tubes of B,C which are
sheathed with INOR-8 and mounted concentrically on a Tlexible drive cable
(Fig. 1.13). The resulting configuration is the same as a solid rod 1 in. in
diameter. These rods move inside of vertical thimbles located centrally in the
core (Fig. 1.1k). The assembly of three rods is part of a larger flange-
mounted assembly mounted on top of the reactor vessel. The rods are air cooled,
but loss of air cooling will not render the rods inoperative.
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Fig. 1.12. Schematic of Graphite-Sample Removal System.
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Fig. 1.14. MSRE Control Rod Arrangement.

Since ultimate reactor safety will not be vested in the control rods, the
number of nuclear penetrations has been reduced from three to one. This re-
maining penetration, a large water-filled tube, will house two fission chambers
and two neutron-sensitive ion chambers. These are sufficient to cover the full
range of reactor operation and will serve as control system input sensors.

A preliminary list of those situations calling for either automatic shut-
down by draining or for control rod insertion has been prepared.

1.11 DESIGN STATUS OF BUILDING AND SITE

All major design on the building has been completed, and drawings and
specifications were sent out to prospective bidders in July. The packages
designated A and B (construction in reactor, radiator, and containment areas,
drain-tank cells and maintenance control room) will be bid on September 6, 1961.
These packages, now combined and currently referred to as Major Building Modi-
fication, have had three addenda issued. The addenda were made in time to be
included in the September 6 bid date.

The remaining site modification design, consisting of Minor Building Modi-
fication (office ventilation, service-air compressors, etc.) and Exterior Site
(cooling tower, filter house, charcoal filter columns, etc.) will be completed
in October.

1.12 REACTOR PROCUREMENT AND INSTALLATION

1.12.1 Demolition and Minor Alteration Work to Building 7503

The demolition and minor alteration work performed on & cost-plus-fixed-
fee contract by the H. K. Ferguson Company was completed on schedule in June.
The work consisted of stripping structural steel from the 2L-ft-diam containment
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vessel, partial excavation of the drain-tank cell, rehabilitation of the storage
cells, stripping of obsolete conduit and piping which interfered with MSRE
installation, excavation for the nuclear instrumentation tube, removal of a
section of the penthouse wall, construction of an outside stairway for an
emergency exit, painting of offices, control room and hallways, and general
cleanup.

1.12.2 Major Modifications to Building 7503

Drawings and specifications for the first bid package of work, Modification
of Building 7503, have been sent to prospective bidders, and bids for performing
this work are to be opened September 6. This package includes all work associated
with the modification of the 2L-ft-diam reactor containment vessel, the radiator
cell, drain-tank cells, the secondary containment walls, and the remote mainte-
nance control room. Involved are structural, piping, and electrical work, all
of which will be accomplished by lump-sum contract.

Other site-preparation work will be advertised for lump-sum contracts in
October, when design work is scheduled to be completed. All site-modification
work is scheduled for completion prior to June 30, 1962.

1.12.3 Procurement of Materials

Contracts were awarded on a formal bid basis for the fabrication of INOR-8
plate, sheet, rod, and weld wire for the MSRE. Promised delivery date for this
material is September 15.

Bids received for fabricating pipe, tubing, and fittings of INOR-8 are
being reviewed and evaluated. It is expected that contracts will be awarded to
successful bidders in August.

Graphite manufacturers have been invited to submit bids for furnishing the
MSRE moderator graphite, completely machined to specifications and tolerances.
Bid closing date is August 14, and the purchase contract is expected to be
awarded to the successful bidder by September.

1.12.4 Procurement of Components

A request for bids on a package of MSRE major components has been sent to
prospective fabricators. This package consists of the reactor vessel, including
the internal support structure, the radiator, the primary heat exchanger, and
the fill-and-drain tanks for both the fuel and coolant systems. All INOR-8
material will be furnished by the Project.

A pre-bid conference with fabricators interested in bidding for this work
is scheduled for August 29. Because INOR-8 is a new alloy it is expected that
some fabricators may not be familiar with its working properties, therefore
sample material produced to MSRE specifications will be furnished to each
qualified prospective fabricator requesting it in order that he may become
familiar with the material before bidding. Closing date for bids to fabricate
these components is October 6.
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1.13 REACTOR INSTRUMENTATION AND CONTROLS DESIGN

1.15.1 Instrument Application Diagrams

During the past report period the major effort was directed toward the
completion of an acceptable set of instrument application flow diagrams. A

total of 15 drawings is scheduled.
issued for comment at least once.

-Lo51k
-40515

Of this number, the 13 listed below were

Fuel-Salt Circuit

Coolant-Salt System

Fuel, Flush, and Drain-Tank System
Cover-Gas System

Fuel-Salt-Pump Lubricating 0il System
Fuel-Sampler-Enricher System
Liquid-Waste System

Coolant-Salt-Pump Lubricating 0il System
Water System

Off-Gas System

Fuel Fill and Transfer System
Instrument-Air and Service-Air Systems
Containment Air

Revisions are now being made to all these drawings, bringing them up to date with

current thought.

effort is 85%

complete.

It is estimated that this basic part of the instrumentation
A tabulation of all instruments shown on the flow dia-

grams, giving identifying numbers, location, function in the process, and a brief
description is also being developed along with the application drawings. This

tabulation is approximately 60% complete.

Twelve thermocouple-location drawings

were issued "For Approval," but some additional revisions will be required before

final approval is obtained.

A tabulation suggesting the method of readout for

all thermocouples was also completed.

Control-circuit design is in a preliminary stage.
conference% to establish control-circuit requirements was completed.
of the most important interlocks was prepared.

al listing

1.1%.2 Electrical Control Circuitry

The first series of
A function-
This listing is

preliminary and many control limits have not yet been established.

1.13.3 Layout

Layout of the Instrumentation and Controls (I and c) system is proceeding
as layout of the building and equipment become firm and as instrumentation

requirements become known.

Two major instrument areas have been designated. A

main control area will be located at elevation 852 in the northeast corner of
the building, and a transmitter room will be located on the 84O level, adjacent

to the reactor.

these areas.

Some instrumentation will be located on auxiliary panels outside

However, an effort is being made to centralize instrumentation,
and field panels will be used only where necessary or where the nature of the
operation dictates that controls and instruments be located in the field.

The I and C system layout is being designed to permit all routine operations

to be performed in the main control-room area.
main control area is shown in Fig. 1.15.

A proposed arrangement of the
A1l thermocouple leads will be brought

through a patch panel located in the auxiliary area adjacent to the main control
room. Safety-control-circuit relays will be mounted in a special cabinet also
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located in the auxiliary control area. Data-logging equipment will be located
in a room adjacent to the main control area.
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ORNL-LR-DWG 63244
1 OBSERVATION DECK
/L ” /\ /\
MAIN CONTROL THERMOCOUPLE
BOARD PATCH PANEL\ .
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DATA AND SUPERVISORY
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CABINE T
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Fig. 1.15. Proposed Operational Area Layout.

All electrical and pneumatic signal lines originating within the contained
areas will be brought out through specially designed leaktight penetrations in
the wall of the containment vessel. .[Thermocouple and electrical signal leads
will be terminated in pressurized Jjunction boxes located in a tunnel adjacent
to the reactor. Standard control cable and thermocouple lead wire will be run
in open trays from the tunnel to the main and auxiliary control areas. Pneu-
matic signal lines will be brought through a tunnel to the transmitter room
adjacent to the reactor. Some of these lines will terminate at equipment such
as weigh-system control panels, solenoid valves, and pneumatic receivers mounted
on auxiliary panels in this area. Other lines will continue through the trans-
mitter room to the main control area. Detail layout of equipment in these areas
will begin soon.

A survey of requirements for pneumatic tubing, thermocouple cable, and
electrical signal cable for the contained areas was made in order to establish
the number and size of penetrations needed. A preliminary drawing showing
proposed routing of cable, trays, conduits, and tubing throughout the 7503 area
was prepared and issued "For Comment." Existing facilities will be utilized
wherever possible.

1.13.4 Main Control Board

Figure 1.16 shows a front elevation layout of the proposed MSRE control
panel. This design is based on the principle that only that instrumentation
necessary for operation of the reactor system will be located on the main con-
trol board (MCB). Other information will be read out either on a data logger
or on instruments located in an auxiliary area adjacent to the main control
room. Those controls and instruments associated with routine adjustment of
reactor power will be located on a console. Although the layout shown is
incomplete with respect to details and the number of instruments, comments
indicate that it is acceptable from the standpoint of general arrangement,
method of presentation, and systems shown.
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1.1%.5 MSRE Data-Handling Study

A study of the MSRE data-handling requirements 1s nearing completion. The
objective is to determine those requirements and to propose one Or more data
systems to meet them.

Studies have indicated that approximately 612 input signals, excluding
those transmitted to field-mounted instruments and indicator lamps, are to be
collected by a data display system. A summary of these inputs is shown below.

Radiation 37
Pressure 2L
Flow 17
Level Ly
Speed 1
Weight 5
Electrical (voltage, current, frequency) 7
Temperature 517

Of the 517 thermocouple inputs, 245 are used primarily during the reactor
heating and cooling operation and will be handled by a separate temperature-
scanning system.

All information necessary for reactor operation will be displayed on the
reactor console and on main and auxiliary panel boards by conventional recorders
and indicators. An automatic data-handling system would implement this system
by recording data in a convenient form. Using this approach to information dis-
play, a data system should have a capacity to handle 250 to 300 inputs.

The major problem associated with the conventional display system is the
long-term storage and retrieval of information. This problem results from the
storage of information on numerous single-point recorder charts and the subsequent
job of retrieving and correlating information from several charts at a common
time base.

Another major disadvantage of the conventional data-display system is the
production on charts of large quantities of static data. This static data
recording is necessitated by the requirement to record transients should they
occur. Using strip charts, the data are continually recorded, even during static
system operation.

A data-handling system would alleviate these problems and provide further
improvement in data handling by:

1. providing high- and/or low-limit alarm detection for each input and
providing printout of the signal value when an alarm occurs;

2. logging date on a typewriter at periodic intervals or by operator demand,
in a format such that interaction between variables can be seen;

3. providing for long-term data storage, by recording on magnetic tape in
a format for entry into an external computer;

i, displaying data directly in engineering units;

5. providing calculations necessary to perform some on-line data analysis;
and
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6. providing flexibility so that the input-scanning sequence and output
logging can be altered merely by a program change.

A1l these features will aid in the collection and handling of data. The
data will be more accurate, and analytical results will be available much
quicker. This will result in reducing manpower requirements for data processing
and in reducing over-all experiment costs by providing information in time to
influence the planning of subsequent experiments.

The complete results of the data study will be contained in the report to
be issued to the MSRE project in the latter part of August cr early September.

1.13.6 Single-Point Temperature Alarm System

A study is under way to determine the most reliable and least expensive
method of monitoring the operating status of freeze flanges and freeze valves.

Both the flanges and valves use temperature measurements to indicate their
operating status. The flanges are equipped with four thermocouples and four
spares and the valves with three thermocouples and three spares. Low tempera-
ture of the flanges indicates normal operation, and low temperature of the valves
indicates closed position. High temperature of the freeze flanges indicates
possible seal leakage, and high temperature of the valves indicates valve-open
position. Definite operating temperature ranges are designated for both the
flanges and valves. The operating status of both these components must be known
during the fill and drain and normal reactor operation.

The freeze-flange status will be determined by monitoring two thermocouples,
by single-channel devices. An alarm will be produced when either thermocouple
exceeds a preset high limit. Single-channel monitors are required to produce
the required reliability. In addition to these monitors, one thermocouple will
be logged to provide an operating history.

The freeze-valve operation is determined by monitoring three thermocouples
by single-channel devices and logging one spare thermocouple for operating
history. Two of the single-channel monitors will produce a visual indication
when the temperature reaches either high or low setpoints. The visual indication
will indicate valve position. A visual signal on low temperature indicates valve
closed, and on high temperature, valve open. Control circuits will be utilized
with these monitors to produce audible and visual alarm signals should operating
malfunctions occur.

The third single-channel monitor will be used to provide control interlocks
or permissives during certain phases of reactor operation. This unit produces
high- or low-limit signals which are used for this purpose.

One of the systems being considered for this application utilizes bistable
magnetic amplifiers equipped with high/low alarm detectors. The units are com-
pletely solid-state devices. A block diagram of the system is shown in Figs. 1.17
and 1.18.

The control module furnishes power to operate up to 22 alarm modules. It
contains a circuit common to all alarm modules to provide central indication of
high- or low-alarm condition when any module in the system is triggered.

The input signal from a thermocouple is fed to an isolated winding on the
alarm-module magnetic amplifier. The magnetic amplifier is adjusted so that an
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Fig. 1.18. Block Diagram of Control Module and Single-Channel Temperature

Alarm System.

input in its operating range produces a differential output into the limit-

If this output exceeds the levels set by the high- or low-
limit set controls, the magnetic amplifier is triggered into a "high" or "low"
operating condition and drives the proper alarm light or relay.
amplifier is reset by the "reset" button, but if the off-normal condition still
exists the magnetic amplifier will revert to its alarm condition after reset.

The magnetic
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The system is designed for fail-safe operation and is equipped with power-
failure-detection circuits. The design of the alarm modules is such that mal-
functions can be detected by the alarm circuits.

To provide the best reliability, the system would be operated with two
control modules, each module supplying one alarm module at each freeze flange

and valve. In this manner the failure of one power supply would not cause the
loss of the complete information or control action.
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2. COMPONENT DEVELOPMENT

2.1 FREEZE-FLANGE DEVELOPMENT

Z2.1.1 MSRE 5-in. Flanges

The freeze flanges for use in the primary and secondary salt systems are now
sized for 5-in. sched-lUO pipe connections. The over-all dimensions, with the ex-
ception of the pipe connection size, are the same as those previously reported.l
The gas seal was changed from a buffered double-conical-gasket type to a buffered
ring-joint type because of the following considerations:

1. The conical-gasket type of seal is believed to be susceptible to
gasket damage if excessive angular misalignment exists during
assembly. It is believed that the ring-joint type of seal is
less sensitive to misalignment as the mating flanges are being
brought together.

2. Additional confidence in the ability of ring-joint seals to meet
the leaktightness requirements has been gained through the
freeze-flange thermal cycling testing described in Sec. 2.1.2
and the remote-disconnect testing described in another report.2
The revised flange design is shown in Fig. 2.1.

Two sets of clamps were purchased for developmental use with the 5-in.
flanges. However, they were returned to the vendor for heat treatment, which
had been overlooked during fabrication. Two sets of rough-machined INOR-8
flange forgings were ordered for development use. Four nickel ring-joint gaskets
are also on order. These flanges and gaskets will be used for testing the full-
size gas seals and for thermal cycling to check the dimensional stability and
thermal-fatigue life of the flanges.

A system for installing and removing the clamps was designed and is described
in Sec. 2.11.

A study is under way to determine means of obtaining consistent over-all
thicknesses of the flange-gasket assemblies. Methods of closely controlling the
effective height of the ring gasket and the effective depth of the flange grooves
will be required. This requirement is imposed by the steep load-deflection
characteristic of the spring clamp.

2.1.2 TFreeze-Flange-Seal Test Facility
The equipment for testing freeze-flange seals was completed and placed in
operation. The facility, with a 3—1/2-in. and a 6-in. freeze flange installed,
is shown in Fig. 2.2.
In heating the 3—1/2—in. flange, it was necessary to install a hollow copper

heat collector that easily clears the inside of the pipe but closely fits the
bore of the flange. This collector receives heat from the entire length of the

28
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Fig. 2.1. Five-inch Molten-Salt Freeze Flange.

silicon carbide heater and conducts a large part of the heat to the flange. By
appropriate adjustment of the heater power and suitable insulation thickness on
the pipe stubs, the desired temperature distribution was obtained.

The 3—1/2-in. flange was assembled, using a gold-plated Inconel gasket and
a resilient clamp, and each of the two bolts was torqued to 300 ft-1b. The
gasket was lubricated with a coating of graphite-alcohol suspension before in-
stallation. During and after torqueing, each clamp block was rapped sharply on
each side several times with a small hammer, with noticeable immediate reduction
in leak rate. The flange was then cycled 21 times between 200 and 1300°F.
Results of leak-rate readings made during the cycling are listed in Table 2.1.
No measurable leakage occurred after the fifth cycle.
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Fig. 2.2. Freeze Flange Seal Test Facility Showing 6-in. Flange (left) and 31/2-in. Flange.
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Table 2.1 Helium Leak Rates (std cc/sec) of 3-1/2-in. Freeze Flange
with Gold-Plated Inconel Ring-Gasket During Cycling
Between 200 and 1300°F

Cycle No. Male Outside Male Inside Female Outside Female Inside
Initial Makeup NDL* 3.5 x 1078 NDL 5.6 x 107/
B-1 Hot 1x 107 1.5 x 1070 NDL NDL
B-1 Cold NDL NDL NDL DL
B-2 Hot 7 x 1077 6 x 1077 NDL NDL
B-2 Cold NDL 5 x 1077 NDL NDL
B-3 Hot NDL 2 x 1072 NDL NDL
B-3 Cold 2 x 1077 1.3 x 1078 NDL NDL
B-4 Hot NDL L x 1077 NDL NDL
B-4 Cold NDL 6 x 1077 NDL NDL
B-5 Hot NDL b x 1077 NDL NDL
B-5 Cold DL NDL NDL NDL
B-6 Hot NDL NDL NDL NDL
B-11 Hot NDL NDL NDL NDL
B-15 Hot NDL NDL NDL NDL
B-19 Cold NDL NDL DL NDL
B-21 Hot NDL NDL NDL NDL
B-21 Cold NDL NDL NDL NDL
Disassembled, then Reassembled with Same Gasket

Initial Makeup 1.4 x 1077 NDL NDL NDL
B-22 Hot 5 x 10'8 NDL NDL NDL
B-22 Cold 1.5 x 1077 NDL NDL NDL
B-26 Hot NDL NDL NDL NDL
B-26 Cold 1.8 x 1077 NDL NDL NDL

*No detectable leak.

The 3—1/2-in. flange was then disassembled, the gasket was again coated with
the graphite-alcohol suspension, and the assembly was remade with hammering. As
shown in Table 2.1, all seals were nearly perfect during the hot part of thermal
cycling, but one of the seals persisted in leaking when cold and showed no im-
provement after five thermal cycles.

A solid-nickel ring gasket has been installed and will undergo similar test-
ing. Additional nickel rings, two of which are grooved on each '"nose" to in-
crease resiliency, are on hand for testing. It is expected that the nickel
rings will form tight seals without requiring the use of gold plate.
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The 6-in. flange-pair in the seal-test facility is essentially the MSRE
flange design except that the bore is slightly greater and Inconel is used as
the flange material instead of INOR-8. Efforts to heat the bore of this flange
to 1400°F with the silicon carbide bar heater at the center line and with an
additional Nichrome wire heater at the bore were unsuccessful. Resistance heaters
were installed on the outside of the pipe stubs adjacent to the flange, and an
induction coil was placed in the bore of the flange to supply the required heat
distribution. Temperature distributions along the gap between the flanges and
on the outside surface will be determined. It is intended, then, to thermal cycle
the flanges and check their dimensional stability.

2.2 FREEZE VALVES

Two Calrod-heated valves,3 of the type proposed for MSRE operational valves,
were operated in the MSRE engineering-test loop (Sec. 2.10). A photograph of
one of the valves is shown in Fig. 2.3. Their arrangement in the loop was shown
previously (see Fig. 2.26 on p 57 in ORNL-3122). The valves are located in the
test loop so that salt may be diverted to either of two drain tanks. Reservoirs
are placed on the vertical risers to ensure that the freeze zones will not run
dry following a drain.

Helium was permitted to flow through one valve and reservoir at the rate of

2.2 cfm to check the operation of the reservoir after a system dump. The other
valve was closed during this operation. The gas pressure was then equalized
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Fig. 2.3. Freeze Valve.
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between the drain tank and circulating system, the valve was frozen, and x-ray
photographs were taken of the valve assembly. The photographs indicated that
sufficient salt remained in the valve to make a seal. The valve proved to be
gas tight when refrozen. The valve to the flush tank was operated with coolant
salt through 40 cycles without difficulty. The melt time varied from about

3 min at 1.5 to 2 kw of input to about 15 min when the only heat provided was
from losses from the loop.

2.3 HEATER TESTS

2.3.1 Pipe Heaters

A prototype, clamshell heater-insulation unit for the MSRE piping was built
and tested (see pp 28 and 29 in ORNL-3122). When the pipe wall was maintained
at the design temperature of 1200°F, there was a heat loss of 550 w from a 1-ft
length of 4-in. pipe. The average surface temperature of the insulation was
240°F except at the latch closure, where the temperature was 4500F. Heaters of
this type were eliminated from the MSRE design because of their high heat loss
and the difficulty in their removal and installation with remote maintenance
tools.

A heater of the type shown in Fig. 1.9 1s being built for testing.

2.3.2 Core Heaters

The reactor vessel 1s to be surrounded by a furnace containing 63 hairpin
resistance heaters.' The heaters are nested in nine barks of 2-in. stainless
steel tubes; each bank of tubes is replaceable separately. An Inconel-sheet
reflector and ceramic insulation are provided to minimize heat losses from the
furnace.

A test mockup of a full-size bank of heaters was set up in order to evaluate
heater and furnace performance and replaceability. Figure 2.4 shows a photo-
graph of one of the test Inconel heaters, which has a resistance of 0.2 ohm.

Both Inconel and stainless steel heaters were used. Figures 2.5 and 2.6 show the
test facility which contains nine heaters, containment tubes, reflector high-
temperature insulation, and a heat sink replacing the core vessel.

The system was operated for 3000 hr without difficulty. Visual inspection
was made of the heaters after 576 hr and again at 3000 hr. There was little
change in the appearance of the equipment. The entire inside of the furnace,
heaters included, had oxidized to a soft black, but there was no indication of
severe attack in the form of flaking. The Inconel heaters appeared in better
condition than the stainless steel heaters. The stainless steel containment
tubes had a brassy-to-black mottled appearance, compared with a uniform black on
the Inconel. The reflector and heat sink faces were also uniformly blackened.

The organic binder in the Cerafelt (Johns-Manville Co.) insulation had been
burned out to a depth of 1—1/2 to 2 in. at the hot face. The insulation had
little remaining structural strength, although the insulating qualities were un-
affected. Shrinkage of the insulating material was 1.5 to 2%. Shrinkage of the
insulation on a system of this size (9 ft high and L ft wide) causes serious
heat losses unless some provision is made to avoid air leakage. Leakage on the
test stand was stopped by plugging the cracks with Fiberfrax, a loose-wool high-
temperature insulation (product of Carborundum Company ) .
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Tests of commercial high-temperature insulations are in progress; at least
one of the samples does not shrink at operating temperature. [The Fiberfrax
ceramic material without organic binder (23000F)].

When the experimental apparatus was designed, the total heat loss was esti-
mated to be 5 kw with the heat-sink at 1000°F. Heat losses caused by insulation
shrinkage, warping of the test stand, etc., made it necessary initially to in-
crease the input power to 14.6 kw to achieve 1000°F operation of the heat sink.
After the air leaks were stopped, the average input power was 5.1 kw for 1000°F
at the heat sink, with no heat being removed by the coolant tubes in the sink.
Runs were made also with various rates of heat withdrawal, but these data have
not yet been analyzed. Preliminary estimates indicate 15 kw can be supplied with
the heaters operating at a maximum temperature of 14OOCF and the heat sink at

975°F.

2.4 DRAIN TANK COOLERS

The system for removing after-heat from each MSRE drain tank has 32 thimbles
projecting into the molten salt. Inside each 1.5-in. thimble is a 1-in. bayonet
boiler tube in which steam is generated at low pressure. There is air in the gap
between the thimble and the bayonet tube.

Three full-scale thimbles (Fig. 2.7) were installed into a tank to be filled
with a mixture of carbonate salts for testing. Preliminary tests without salt
are in progress to obtain the system heat losses and the radiant-heat transfer
coefficients in the cooling tubes. After salt is added, the cooling capacity of
each tube will be determined, control of the steaming rate will be investigated,
and the ability of the system to withstand thermal shocks will be tested.

2.5 SAMPLER-ENRICHER DEVELOPMENT
2.5.1 Sampler-Enricher Concept

A schematic layout of the MSRE sampler-enricher system for the primary loop
is shown in Fig. 2.8. The components and operating techniques are similar to
those reported previously.5;6 When the location of the MSRE primary pump was
changed, the angle of inclination of the transfer tube which connects the pump
bowl with the dry box was increased from 45° to 54-1/20; this aids in inserting
the capsule. The location of the dry box was also changed from the south side
of the reactor pit to the east side.

2.5.2 Solder-Freeze Valve

In order to repair the sampler-enricher system components located outside
the reactor cell, a reliable maintenance valve must be provided. A solder freeze
valve was being considered because of its potential reliability. In initial tests,
a l-in. valve of this type appeared to perform as expected, with an acceptable
leak rate of < 10-8 cc of helium per second.| A full-sized l—l/Z-in. single-seal
INOR-8 valve using the same solder was then constructed and thermal cycled 22
times. The valve was at the operating temperature of 15000F for a total of
29.5 hr. Three cycles failed completely to seal, and the remaining cycles were
not consistent in the measured leak rates. This apparent unreliability has not
been explained, but examination is continuing.
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For reactor use, a buffered double-sealing valve would be required. Because
of the apparent unreliability noted above and the complications produced by the
gas controls necessary to make the double-solder seal, an alternative design is
being prepared. This uses a buffered double-sealing gate valve.

2.5.3 Sample Capsule

In order to prevent oxygen contamination of the sample being isolated and of
the circulating fuel, the oxide film on the copper sample capsule must be removed.
A pretreatment consisting of 4 hr of hydrogen firing at 14750F removed the oxide
film from the capsule.

On the basis that molten fluoride salt does not wet the surface of oxide-
free copper metal, an attempt was made to prepare a re-usable capsule from which
a single slug of salt would be removed. However, the salt adheres to the metal
surface tightly enough to prevent its removal without damage to the capsule.

A capsule was then designed from which the salt can be completely removed
by crushing the capsule. The salt is then removed in the form of a coarse powder.
Capsules of two diameters (1/2 in. and 3/& in.) have been tested. Preliminary
crushing tests in a hot cell indicated that the salt would crush out of the
larger capsule more easily. The upper portion of the smaller one tended to col-
lapse, trapping salt in the lower part.

2.5.4 Sample-Transport Container and Removal Seal

A transport container was designed which will seal the hydrogen-fired cap-
sule in a dry, inert atmosphere for shipment to the sampler dry box and for trans-
porting the salt-filled capsule to the hot cells. The transport container is
inserted into the dry box through a buffered double-sealing section located
above the removal valve (see Fig. 2.8). The seal provides a purge zone to pre-
vent the contamination of the dry box with oxygen and the release of fission-
product gases from the dry box to the atmosphere. The leak rate of the container
and the seal section will be tested after each installation has been completed.

2.5.5 BSampler-Enricher Design

Detail design of the various components of the sampler-enricher system is in
progress. Preliminary design of the transfer tube, the maintenance valve, and
the operational valve are complete. A preliminary instrumentation flow sheet is
complete.

2.6 MSRE CORE DEVELOPMENT

Additional tests were conducted in the one-fifth-scale MSRE core model.S
A report was issued summarizing the results of this program.9

2.6.1 Heat Transfer Coefficients in Lower Head
of the Reactor Vessel

Heat transfer coefficients were determined experimentally in the lower head
of the one-fifth-scale core model at the reactor center line. Figure 2.9 is a
plot of these coefficients predicted for the MSRE as a function of the reactor
flow rate. The lines in Fig. 2.9 represent the theoretical slopes for laminar
and turbulent heat transfer. From this it can be seen that the character of
flow in the lower head changes from turbulent at the rated flow rate to laminar
at a reduced value of the flow rate.
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2.6.2 TFuel-Age Measurements in the Lower Head
of the Reactor Vessel

Fuel-age measurements were determined throughout the entire lower head of
the one-fifth-scale model; however, most of these measurements were made with a
reactor configuration which has since been modified slightly. From these
earlier measurements it was concluded that the most critical region, that is to
say, the region with the highest combination of fuel age, power density, and
importance was at the reactor center line.

For the present core configuration, the fuel ages were redetermined along
the center line. TFigure 2.10 is a plot of these age measurements as a function
of the distance from the wall and with parameters of reactor flow rate. It is
not apparent why the fuel age is at a maximum at about 2 in. from the wall. It
may indicate a zone of recirculation of the fuel. Another possibility is that
the mere existence of the probe in the model has changed the flow characteristics.
At any rate, the point of greatest<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>