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PREFACE

The report on the Molten-Salt Reactor Experiment (MSRE) has been
arranged into twelve major parts as shown in the General Index. Each
of these covers a particular phase of the project, such as the design,
safety analysis, operating procedures, etc. An attempt has thus been
made to avoid much of the duplication of material that would result if
separate and independent reports were prepared on each of these major
aspects.

Detailed references to supporting documents, working drawings,
and other information sources have been made throughout the report to
make it of maximum value to ORNL personnel. Each of the major divi-
sions of the report contains the bibliographical and other appendix
information necessary for that part.

The final volumes of the report, Part XII, contein the rather ex-
tensive listings of working drawings, specifications, schedules, tab-
bulations, etc. These have been given a more limited distribution.

Most of the reference material is available through the Division
of Technical Information Extension, Atomic Energy Commission, P. O.
Box 62, Oak Ridge, Tennessee. For material not available through this
source, such an inter-Iaboratory correspondence, etc., special arrange-
ments can be made for those having a particular interest.

None of the information contained in this report is of a classi-

fied nature.
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GENERAL INDEX

one of a series that describes the design and opera-

tion of the Molten-Salt Reactor Experiment. All the reports are listed

below.
ORNL-TM-728 *
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Description of Reactor Design by
R. C. Robertson

MSRE Design and Operations Report, Part II,
Nuclear and Process Instrumentation, by
J. R. Tallackson

MSRE Design and Operations Report, Part III,
Nuclear Analysis, by P. N. Haubenreich and
J. R. Engel, B. E. Prince, and H. C. Claiborne

MSRE Design and Operations Report, Part IV,
Chemistry and Materials, by F. F. Blankenship
and A. Teboada

MSRE Design and Operations Report, Part V,
Reactor Safety Analysis Report, by S. E. Beall,
P. N. Haubenreich, R. B. Lindauer, and
J. R. Tallackson

MSRE Design and Operations Report, Part VI,
Operating Limits, by S. E. Beall and
R. H. Guymon

MSRE Design and Operations Report, Part VII,
Fuel Handling and Processing Plant, by
R. B. Lindsasuer

MSRE Design and Operations Report, Part VIII,
Operating Procedures, by R. H. Guymon

MSRE Design and Operations Report, Part IX,
Safety Procedures and Emergency Plans, by
R. H. Guymon

MSRE Design and Operations Report, Part X,
Maintenance Equipment and Procedures, by
E. C. Hise and R. Blumberg

*¥Tssued.

*¥These reports

will be the last in the series to be published
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1. INTRODUCTION

The Molten-Salt Reactor Experiment (MSRE) was underteken by the
Oak Ridge National Laboratory to demonstrate that the desirable features
of the molten-salt concept could be embodied in a practical reactor that
could be constructed and maintained without undue difficulty and one that
could be operated safely and reliably. Additional important objectives
were to provide the first large-scale, long-term, high-temperature tests
in a reactor enviromment of the fuel salt, graphite, moderator, and high-
nickel-base alloy (INOR-8). Operating data from the MSRE should provide
important information regarding the feasibility of large-scale molten-
salt reactors.

Molten-salt reactors were first investigated as a means of providing
a compact high-temperature power plant for nuclear-powered aircraft. _In
1954 an Aircraft Reactor Experiment (ARE) was constructed at ORNIL which
demonstrated the nuclear feasibility of operating a molten-salt-fueled
reactor at high temperature. Fuel entered the ARE core at lEOOOF and
left at l500°F when the reactor power level was 2.5 Mw.

Immediately after the successful operation of the ARE, the Aircraft
Reactor Test (ART) was started at ORNL as part of the Aircraft Nuclear
Propulsion Program (ANP). This test was discontinued in 1957 when the
ANP Program was revised, but the high promise of the molten-salt reactor
type for achieving low electric power generating costs in central power
stations led ORNL to continue parts of the basic study programs. Features
of the molten-salt concept which deéerve special mention with regard to
its future propécts are: | ' ‘

1. The fuel is fluid at reactor temperatures, thus eliminating the
extra costs éssoéiated with the febrication, handling, and reprocessing
of solid fuel -elements. . Burnup in the fuel is not limited by radiation
damage or reactivity loss. The fuel can be reprocessed continuously in
a side stream for removal of fission products, and hew fissionable ma-

terial can be added while the reactor is in opération.




<

2. Molten-salt reactors can operate at high temperatures and pro- «
duce high-pressure superheated steam to achieve thermal efficiencies in
the heat-power cycle equal to the best fossil-fuel-fired plants. The
relatively low vapor pressure of the salt permits use of low pressure
containers and piping.
3. The negative temperature coefficient of the reactor and the
low excess reactivity are such that the nuclear safety is not primarily
dependent upon fast-acting control rods.
L, The fuel salt has a low cross section for the parasitic ab-
sorption of neutrons, and when used with bare graphite as the moderator, -
very good neutron economies can be achieved. Molten-salt reactors are |
thus attractive as highly efficient converters and breeders on the Th-?ssﬂ
cycle. Ry
5. The fluoride salts used as the fluid fuel mixture have good
thermal and radiation stability and do not undergo violent chemical re-
actions with water or air. They are compatible with the graphite moder-
ator ‘and can be contained satisfactorily in a specially developed high-
nickel alloy, INOR-8. The volumetric heat capacity, viscosity, thermal
conductivity, and other physical properties are also within desirable
ranges. _
6. Use of relatively high circulation rates and temperature dif-
ferences results in high mean power density, high specific power, and
low fuel inventory. ) N
These attractive features of the molten-salt reactor concept are
partially offset by the disadvantages that:
1. The fuel salt mixture melts at about BAQOF, so means must be ¥
provided for maintaining all salt-containing portions of the system
above this temperature.
2. The fluoride salts react with oxygen to precipitate fuel con-
stituents as oxides. Although zirconium tetrafluoride is included in
the salt mixture so that ZrO2 will precipitate in preference to U02, care
must be taken to prevent the fuel from being contaminated with air, water,
or other oxygen-containing materials.
3. The radioactivity in any fluid-fuel system is in s mobile form, (;J

and special provisions must be taken for containment and maintenance. -
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During the period 1957-60, investigations were carried out at ORNL
on the fuel salt chemistry, metallurgy of conteinment meterials, the de-
sign of salt-circulating pumps, and on remote maintenance techniques. The
results of this work lent additional encouragement, and in 1959 studies
were made by H. G. M’acPhersonl and L. G. Alexsnder gz_glfz, perteining
to the applicability of the molten-salt concept to central power station
reactors. The studies resulted in a proposal3 to the AEC for construction
of a molten-salt experiment to investigate remaining areas of uncertainty
that could be resolved only by actually building and operating a molten-
salt reactor. In April, 1961, ORNL received a directiveu from the AEC to
design, construct, and operate the Molten-Salt Reactor Experiment (MSRE),
the subject of this report.

Barly in the design phases it was decided that the MSRE was to have
as its primary purpose the investigation of the practicality.of the molten-
salt concept for central power station epplications. As such, the MSRE
was envisioned as & straightforward-type of installation, uncomplicsated
by the inclusion of experimental apparatus which might jeopardize reliable,
long-term operation. It was also necessary that the MSRE be of a large-
enough capacity for the experimentsl findings to be meaningfully extrapo-
lated to the full-scale plants. It was decided that a reactor of 10 Mw
thermal output would satisfy the criterion.

Conversion of the 10 Mw of heat to useful electricity was not con-
sidered to be necessary to demonstrate the concept, so existing blowers
and stack were used to dissipaté the heat to the atmosphere. Conteinment
requirements dictated a‘double barrier between the highly radicactive fuel
salt and the environment, and a salt very similar to the fuel salt in com-
position and physical propertieé was chosen to transport the heat from the
fuel salt to air-cooled surfaces.

An expanded plant layout was adopted in order to provide access to

equipment and to facilitate maintenance operations, The MSRE was installed

in an existing building in the 7503 Area at ORNL that was constructed spe-
cifically for the ARE and ART. This arrangement provided some savings and
expedited construction in that the building included a containment vessel

vhich, with modification, was suitable for the MSRE. A significant amount
of usable auxiliary equipment was also on hand, including sir blowers and




a stack for dissipation of heat to the atmosphere, emergency diesel-
electric power supply, heavy-duty cranes, etc. Shop, office, washroom,
and control room spaces were also available, and some of the heavy con-
crete shielding was adaptable to the MSRE. Fitting the MSRE design to
the existing facilities required numerous design compromises, but no ex-
treme difficulties were encountered.

Construction of the MSRE officially started in July, l96l, although
mich of the advance thinking and preliminary design work were well under
way by that time. Major building modifications were started in 1961 and
were completed by the end of 1962. Iack of funds and late delivery of
the graphite moderator delayed installation of major equipment until early
1964. The installation was scheduled for completion in the early summer
of 1964, and the target date to achieve criticality was set for the end
of that year.




2. GENERAL DESCRIPTION

2.1 Type

The Molten-Salt Reactor Experiment (MSRE) is a single-region, un-
clad, graphite-moderated, fluid-fuel type of reactor with a design . heat
generation rate of 10 Mw. The circulating fuel is a mixture of lithium,
beryllium, and zirconium fluoride salts that contains uranium or thorium
and uranium fluorides. Reactor heat is transferred from the fuel salt

to a similar coolant salt and is then dissipated to the atmosphere.
2.2. location

The Experiment is located in the 7503 Area of the Oak Ridge
National Iaboratory, Osk Ridge, Tennessee. The site is about one-half
mile south of the main Iaboratory buildings, in a wooded, secluded bend

of the Clinch River that is reserved for special reactor installations.
2.3 Fuel and Coolant Salts

The composition and physical properties of various fuel and coolant
salts are given in Table 2.1. Favorable neutron absorption and chemical
and physical properties were important requirements for the compositions
selected. Beryllium fluoride is used to obtain a low melting point.
Lithium fluoride (99.99% Li7 in both fuel and coolant salts) imparts
good fluid flow properties to the mixture. Zirconium fluoride protects
the fuel salt against precipitation of UO2 from contamination by air and
moisture. Fuel salts containing throium are of interest for future large-
scale thorium breeder reactors. The first experiments in the MSRE will
be run with partially enriched uranium because there are fewer uncer-
tainties concerning the chemical behavior of that fuel. Iater the
reactor will be operated with the highly enriched uranium fuel and then

with the thorium-uranium fuel.




Table 2.1 Composition and Physical Properties of the Fuel, Flush, and Coolant Salts5

Fuel Salt
Thorium— Highly En- Partially En- Flush and
Uranium riched Uranium riched Uranium Coolant Salt
Composition, mole %
LiF (99.994% 117) 70 66.8 65 66
BeFp 23,6 29 29.1 3h
ZrFu_ 5 5 -
ThF)_J‘ 1 0 --
UF), 0.4 0.2 0.9 --
Physical Properties, at 1200°F 1200°F 1200°F 1060°F
Density, 1b/ft5, at 1200°F 140 130 13k 120
Viscosity, 1b/ft-hr 18 17 20 2l
Heat Capacity, Btu/lb-°F 0.45 0.48 0.47 0.53
(at 1200°F) (at 1200°F)
Thermal Conductivity,
Btu/hr® (°F/ft) 3.21 3.2 3.2 3.5
Liquidus Temperature, °F 840 840 840 850

=




2.4 Equipment and Process

The major items of equipment in the MSRE are shown on a simplified
flowsheet in Fig. 2.1. The fuel-salt-circulating system is the reactor
primary system. It consists of the reactor vessel where the nuclear
heat is generated, the fuel heat exchanger in which heat is transferred
from fuel to coolant, the fuel circulating pump, and the interconnect-
ing piping. The coolant system is the reactor secondary system. It
consists of the coolant pump, a radiator in which heat is transferred
from coolant salt to air, and the piping between the pump, the radiator,
and the fuel heat exchanger. There are also drain-tank systems for con-
taining the fuel and coolant salts when the circulating systems are not

in operation.

2.4.1 Reactor

The reactor vessel is a 5-ft-diam by 8-ft-high tank that contains
a 55-in.-diam by 6k-in.-high graphite core structure. A cutaway draw-
ing of the reactor is shown in Fig. 2.2. Under design conditions of
10 Mw of reactor heat, the fuel salt enters the flow distributor at the
top of the vessel at ll75oF and 20 psig. The fuel is distributed evenly
around the circumference of the vessel and then flows turbulently down-
ward in a spiral path through a l-in. annulus between the vessel wall
and the core can. The wall of the vessel is thus cooled to within about
5OF of the bulk temperature of the entering salt. The salt loses its
rotational motion in the straightening vanes in the lower plenum and
turns and flows upward through the graphite matrix in the core can.

The graphite matrix is an éssembly of vertical bars, 2 in. by 2
in. by about 67 in. long. Fissioning of‘235U in the fuel occurs as it
flows in O.4-in. by 1.2-in. channels that are formed by grooves in the

sides of the bars. There are about 1140 of these passages.
The nominal core volume within the 55-in.-diam by 64-in.-high core

structure is 90 ft3, of which 20 ft3 is fuel and TO ft3 is graphite.
At 10 Mw, and with no fuel absorbed by the graphite, 1.4 Mw of heat is
generated in the fuel outside the nominal core, 0.6 Mw is generated in

the graphite, and 8.0 Mw is generated in the fuel within the core. This
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corresponds to an average fuel power density of 14 kw/liter in the nominal &a’
core. The maximum fuel power density is 31 kw/liter.

Flow in the coolant channels is laminar, but both the graphite and
the fuel have good thermal conductivities, so the maximum temperature of
the graphite is only about 60°F above the mixed mean temperature of the
adjacent fuel. The nuclear average and the maximum temperatures, respec-
tively, of the graphite are estimated to be about 1255OF and l300°F. The
temperature of the fuel leaving the hottest channel in the core is about
1260°F.

Fuel leaves the top of the reactor at 1225OF and 7 psig through the
side outlet of a special fitting designed as an access port for insertion
of graphite and metal samples and for three 2-in.-diam control rod thimbles.
The poison elements in the control rods are short hollow cylinders of
gadolinium oxide 1 in. in diameter, clad with Inconel and arranged on a
flexible Inconel hose to permit passage through two bends that form an
offset in each thimble. The control rods and drives are cooled by circu-
lation of cell atmosphere through the flexible hoses and thimbles.

A 1-1/2-in.-diam outlet line is provided at the bottom of the reactor

vessel for discharging salt to the drain tanks.

2.4..2 Fuel Pump
The fuel salt from the reactor flows directly to the centrifugal

sump-type pump shown in Fig. 2.3. The pump has a vertical shaft and
overhung impeller and operates at a speed of 1160 rpm to deliver 1200 »
gpm at a discharge head of 49 ft. The pump bowl is about 36 in. in di-
amter, and the pump and 75-hp motor assembly is about 8 ft high.

Devices are provided in the pump bowl to measure the liguid level
as a means of determining the inventory of salt in the system. Small
capsules can be lowered into the bowl to take a 10-g sample of salt for
analysis or to add 120 g of fuel to the system. About 65 gpm of the
pump output is circulated internally to the pump bowl for release of en-
trained or dissolved gases from the salt.

Helium flows through the gas space in the bowl at a rate of about
200 ft3/day (STP) to sweep the highly radioactive xenon and krypton to
the off-gas disposal system. The helium also acts as a cover gas to ex-

-~

clude air and water vapor.
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The pump is equipped with ball bearings that are lubricated and gﬁﬁ'
cooled with oil circulated by an external pumping system. The oil is
confined to the bearing housing by mechanical shaft seals. A helium
purge enters below the lower seal. A small part of this helium flows up-
ward along the shaft and leaves just below the lower seal, carrying with
it any oil vapors that leak through the seal. The remainder flows down-
ward along the shaft to the pump bowl and subsequently to the off-gas
system. This prevents radioactive gases from reaching the oil.
Cooling oil is also circulated through a metal block above the
pump bowl which shields the lubricating oil and the pump motor.
The motor and the bearing shaft and impeller assembly are remova-
ble separately to facilitate maintenance.
An overflow tank of 5.5-ft3

provide sufficient volume for free expansion of salt under all foreseen

volume is installed below the pump to

conditions.

2.4.3 Heat Exchanger
Salt discharged by the fuel pump flows through the shell side of

the horizontal shell-snd-tube heat exchanger shown in Fig. 2.4, where
it is cooled from 1225°F to 1175OF. The exchanger is about 16 in. in
diameter and 8 ft long and contains one hundred sixty-three l/2-in.-OD
U-tubes with an effective surface of 259 ftz. The coolant salt circu-
lates through the tubes at a rate of 850 gpm, entering at 1025OF and

leaving at 1100°F. »

2.4.% Coolant Pump

The coolant salt is circulated by a centrifugal pump identical in

most respects to the fuel pump. The pump has a T75-hp, 1750-rpm motor
and delivers 850 gpm against a head of 78 ft.

2.4.5 Radiator
The radiator is shown in PFig. 2.5. Seven hundred square feet of
cooling surface is provided by 120 tubes 0.75 in. in diameter by 30 ft
long. Cooling air is supplied to the radiator by two 250-hp axial
blowers with a combined capacity of 200,000 cfm. Salt enters the radi-
ator at 1100°F and leaves at 1025OF. The temperature rise of the air -
is 200°F at design power. To guard against freezing the salt in the ‘EJ .
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radiator tubes on sudden reduction of reactor power, quick-closing doors
are provided to shut off the air flow, and the radiator is heated by
electrical heaters inside the enclosure. The opening of the doors can
be adjusted, and some of the air can be bypassed around the radiator to

regulate the heat removal rate.

2.4.6 Drain Tank Systems

Four tanks are provided for safe storage of the salt mixtures when

they are not in use in the fuel- and coolant-salt circulating systems.
Two fuel-salt drain tanks and a flush-salt tank are connected to the
reactor by means of the fill and drain line. One drain tank is provided
for the coolant salt.

A fuel drain tank is shown in Fig. 2.6. The tank is 50 in. in
diameter by 86 in. high and has a volume of about 80 ft3, sufficient
to hold in a non-critical geometry all the salt that can be contained
in the fuel circulating system. The tank is provided with a cooling
system capable of removing 100 kw of fission-product decay heat, the
cooling being accomplished by boiling water in 32 bayonet tubes that
are inserted in thimbles in the tank.

The flush-salt tank is similar to the fuel-salt tank except that
it has no thimbles or cooling system. New flush salt is like fuel salt
but without fissile or fertile material. It is used to wash the fuel
circulating system before fuel is added and after fuel is drained, and
the only decay heating is by the small quantity of fission products that
it removes from the equipment.

The coolant-salt tank resembles the flush-salt tank, but it is
40 in. in dismeter by 78 in. high and the volume is 50 ££3.

The tanks are provided with devices to indicate high and low
liquid levels and with weigh cells to indicate the weight of the tanks

and their contents.

2.4.7 Piping and Flanges

The major components in the salt circulating systems are inter-
connected by 5-in. sched-4O piping. Flanged joints between units in
the primary system facilitate removal and replacement of components by

remotely operated tools. These flanges, called freeze flanges, utilize
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a frozen salt seal between the flange faces as well as a conventional
O-ring-type joint to form a helium-buffered, leak-detected type of
closure. )

The fill and drain lines are 1-1/2-in. sched-4O piping and contain
the only "valves" that come in contact with salt. The valves, called
freeze valves, have no moving parts, ummodulated flow control being
achieved by freezing or thawing salt in a short, partially flattened

section of pipe that can be heated and cooled.

2.4.8 Heaters

“All parts of the salt-containing systems are heated electrically
to maintain the salts above the liquidus temperature of 84O to 850°F.
The equipment is preheated before salt is added and the heaters are
energized continuously during reactor operation to make sure that there
is no uncontrolled freezing in any of the piping and that the salt can
be drained when necessary. The total capacity of the heaters is about
1930 kw, but the actual power consumption is somewhat less than half
of this. About 300 kw of heat can be provided by the diesel electric

emergency power supply.

2.4.9 Materials

The salt-containing piping and equipment are made of INOR--a
special high-nickel and molybdenum.alloy having a good resistance to
attack by fuel and coolant salts at temperatures at least as high as
1500°F. The mechanical properties are superior to those of many austen-
itic stainless steels, and the alloy is weldable by established pro-
cedures. ‘The‘chemical composition and some of the physical properties
are given in Table 2.2. Most of theVINOR equipment was designed for
1300°F and‘SO‘psig, with an-allowable stress of 2750 psi,

- Stainless steel piping and valves were used in the helium supply
and in the off-gas systens. '
2.4.10 Cover- and Off-Gas Systems ,

A helium cover-gas sySfém protééﬁs the 6xygén-sensitive fuel from

contact with air or moisture. Commerical helium is suppled in a tank
truck and is passed through a purification system to reduce the oxygen

and water content below 1 ppm before it is admitted to the reactor.
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Table 2.2. Composition and Properties of INOR-8

Chemical Properties:

Ni 66-71% Mn, max
Mo 15-18 Si, max
Cr 6-8 Cu, max
Fe, max 5 B, max
cv 0.04-0.08 W, mex
Ti + Al, max  0.50 P, max
S, max 0.02 Co, max

Physical Properties:
Density, 1b/in.>
Melting point, °F
Thermal conductivity, Btu/hr-ft2(F/ft) at 1300°F
Modulus of elasticity at ~1300°F, psi
Specific heat, Btu/lb-°F at 1300°F
Mean coefficient of thermal expansion,
70-1300°F range, in./in.-°F
Mechanical Properties:

Maximum allowable stress,” psi: at 1000°F
1100°F
1200°F
1300°F

1.0%
1.0
0.35
0.010
0.50
10.015

0.20

0.317
2470-2555
12.7

24.8 x 1o6

0.138

8.0 x lO6

17,000 -
13,000
6,000
3,500

%ASME Boiler and Pressure Vessel Code Case 1315.
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systems. A flow of 200 ft3/day (STP) is passed continuously through the
fuel pump bowl to transport the fission product gases to activated charcoal
adsorber beds. The radioactive xenon is retained on the charcoal for a
minimum of 90 days, and the krypton for‘7-1/2 days, which is sufficient
for all but the 8 8
tained well within tolerance, the effluent gas being diluted with 21,000

Kr to decay to insignificant levels. The ~“Kr is main-
cfm of air, filtered, monitored, and dispersed from a 3-ft-diam by 100-ft
steel-containment ventilation stack.

The cover-gas system is also used to pressurize the drain tanks to
move molten salts into the fuel and coolant circulating systems. Gas
from these operations is passed through charcoal beds and filters before

it is discharged through the off-gas stack.

2.4,11 Instrumentation and Control Systems

Nuclear and process control are both important to the operation of
the MSRE. The reactor has a negative temperature coefficient of 6.4 to
9.9 x 1077 (Ak/k)/oF, depending on the type of fuel that is being used.
The excess reactivity requirements are listed in Table 2.3, and they

are not expected to exceed U4 x 1072 ONk/k at the normal operating temper-

. ature. The three control rods have a combined worth of 5.6 to 7.6 % Ak/k,

depending upon the fuel composition. Their major functions are to elimi-
nate the wide temperature variations that would otherwise accompany
changes in power and xenon poison level and to make it possible to hold
the reactor suberitical to a temperature 200 to 300°F below the normal

operating temperature. They have some safety functions, most of which

~are concerned with the startup of the reactor. Rapid action is not re-

quired of the control rods; however, a magnetic clutch is provided in
the drive train to permit the rods to drop into the thimbles with an ac-
celeration of 0.5 g as a convenient way of providing insertion rates
that are more rapid than the removal rates. Burnup and growth of long-
lived fission product poisons is compensated by adding fuel through the

sampler enricher. Complete shutdown of the reactor is accomplished by

“draining the fuel.

-When the reactor is operated at power levels above a few hundred

kilowatts, the power is controlled by regulating the air flow, and
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Table 2.3. Reactivity Requirements

Reactivity,

% Ok/k

Loss of delayed neutrons by circulating fuel 0.3
Entrained gas -0.2
Power coefficient (from rise in graphite temperature) 0.1
Xenon poisoning (steady state at 10 Mw) —0.7
Samarium-149 transient -0.1
Burnup (120 g of fuel) -0.1
Margin for operation of control rods 0.4
Total -1.9

Uncertainty in estimates (primarily xenon)

Total

(+)=1.0 to (=)-0.kL

—2.9 to -1.5
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thereby the rate of heat removal, at the radiator. The power level is
determined by measuring the flow rate and temperature difference in the
coolant salt system. . The control rods operate to hold the fuel outlet
temperature from the reactor constant, and the inlet temperature is per-
mitted to vary with power level. At low power the control rods operate
to hold the neutron flux constant, and the heat withdrawal at the radi-
ator or the input to the heaters on piping and equipment is adjusted to
keep the temperature within a specified range.

- Preventing the salts from freezing, except at freeze flanges and
valves, and protecting the equipment from overheating, are among the
most important control functions. Over one thousand thermocouples are
installed throughout the fuel and coolant salt systems, and about three-
fourths of these serve indication, alarm, or control functions. The
heating and cooling equipment is controlled to maintain temperatures
(throughout the systems) within specified ranges.

Digital computer and data handling equipment are included in the
instrumentation.to provide rapid compilation and analysis'of the process
data. This equipment has no control function but gives current infor-

mation about all important variables and warns of abnormel conditions.

2.5 Puel Processing

Batches of fuel or flush salt which have been removed from the
reactor circulating system can be processed in separate equipment to per-
mit their reuse or to recover the uranium.

- Salts that have been contaminated with oxygen to the saturation point
(about'8O ppm_of'02), and thus tend to precipitate the fuel constituents
as oxides, can be treated with a hydrogen-hydrogen fluoride gas mixture to
remove the oxygen as water vapor. These salts can then be reused.

A salt batch unacceptably contaminated with fission products, or one
in which it is.desirable to drastically change the uranium content, can
be treated with fluorine gas to separate the uranium from thebcarrier
salt by volatilization of UFg. In some instances the carrier salt will
be discarded; in others uranium of a different enrichment, thorium, or

other constituents will be added to give the desired composition.
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The processing system consists of & salt storage and prbcessing

tank, supply tanks for the H2,

ature (750°F) sodium fluoride adsorber for decontaminating the UF6,

HF, and F2 treating gases, a high temper-

several low-temperature portable adsorbers for UF6, a caustic scrubber,
and associated piping and instrumentation. All except the UF6 adsorbers
are located in the fuel processing cell below the operating floor of
Bldg. 7503, as shown in Fig. k.k. )

After the uranium has been transferred to the UF6 adsorbers, they
are transported to the ORNL Volatility Pilot Plant at X-10, where the
UF6 is transferred to product cylinders for return to theﬁﬁﬁ?;pfbdﬁétion

plants.
2.6 Plant Arrangement

The general érrangement of Building 7503 is shown in Fig. 4.3. The
main entrance is at the north end. Reactor equipment and major auxil-
iary facilities occupy the west half of the building in the high-bay
area. The east half of the building contains the control room, offices,
change rooms, instrument end general maintenance shops, and storage
areas. Additional offices are provided in a separate building to the
east of the main building.

Equipment for ventilating the operating and experimental areas is
located south of the main building. A small cooling tower and smsll
buildings to house stores and the diesel-electric emergency power equip-
ment are located west of the main building.

v The reactor primary system and the drain tank system are installed
in shielded, pressure-tight reactor and drain tank cells, which occupy
most of the south half of the high-bay area. These cells are connected
by an open 3-ft-diam duct and are thus both constructed to withstand
the same design pressure of 40 psig, with a leakage rate of less than
1 vol % per day. A vapor-condensing system, buried in the ground south
of the building, is provided to keep the pressure below 40 péigﬁdufing
the maximum credible accident by condensing the steam in vapors that
are discharged from the reactor cell. When the reactor is operating,

the reactor and drain tank cells are sealed, purged with nitrogen to
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obtein an atmdsphere that is less than 5% oxygen, and maintained at about
2 psi below afmospheric pressure.

The reactor cell is a carbon steel containment vessel 24 ft in di-
ameter and 33 ft in overall height. The top is flat and consists of two
layers of removable concrete plugs and beams, for & total thickness of
7 ft. A thin stainless steel membrane is installed between the two layers
of plugs and welded to the wall of the steel vessel to provide a tight seal
during operation.

The reactor cell vessel is located within a 30-ft-diem steel tank.
The annular space is'filled with a magnetite sand and weter mixture,
and there is'a minimum of 2 ft of concrete shielding around the outer
tenk. In additien to this shielding the reactor vessel is surrounded
by a 14-in.-thick steel-and-water thermal shield. ,

The drain tank cell adjoins the reactor cell on the north. It is
s 17-1/2-ft by 21-1/2-ft by 29-ft-high rectangular tank madé of rein-
forced concrete and lined with stainless steel. The roof‘structure, in-
cluding the membrane, is similar to that of the reactor cell.

The coolant cell abuts the reactor cell on the south. It is a

‘shielded area with controlled ventilation but is not sealed.

The blowers that supply cooling air to the radiator are installed
in an existing blower house along the west wall of the coolant cell.

Rooms containing suxiliary and service equipment, instrument trans-
mitters, and electrical equipment are located along the east wall of the
reactor, drain tank and coolant cells. Ventilation of these rooms is
controlled, and some are provided with shielding.

The north half of the building containg several small shielded cells
in Which the ventilation is controlled, but which are not gas-tight.
These cells are used for storing and processing the fuel, handling and
storing liquid wastes, and storing and decontaminating reactor equip-
ment .

The high-bay area of the buildlng over the cells mentioned sbove is
lined with metal, has all but the smaller openlngs sealed, and is pro-
vided with air locks. Ventilation is controlled and the area is normally

operated at slightly below atmospheric pressure. The effluent air from
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this area and from all other controlled-ventilation areas is filtered,
and monitored before it is discharged to the atmosphere. The contain-
ment ventilation equipment consists of a filter pit, two fans, and a
100-ft-high fuel stack. They are located south of the main building

and are connected to it by & ventilation duct to the bottom of the re-

-actor cell and another along the east side of the high bay.

The vent house and charcoal beds for handling the gaseous fission
products from the reactor systems are near the southwest corner of the
main building. The carbon beds are installed in an existing pit that
is filled with water and covered with concrete slabs. The vent house
and pit are also controlled-ventilation areas. Gases from the carbon
beds are discharged into the ventilation system upstream of the filter.

Maintenance of equipment in the fuel circulating and drain tank
systems will be by removal of one or more of the concrete roof plugs
and use of remote handling and viewing equipment. A heavily shielded
maintenance control room with viewing windows is located above'the
operating floor for operation of the cranes and other remotely con=-
trolled equipment. This room will be used primarily when a large num-
ber of the roof plugs are removed and a piece of highly radiocactive
equipment is to be transferred to a storage cell.

Equipment in the coolant cell cannot be approached when the re}
actor is operating, but since the induced activity in the coolant salts
is short lived, the coolant cell can be entered for direct maintenance

shortly after reactor shutdown.
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3. BSITE

The Molten-Salt Reactor Experiment is located in Melton Valley about
one-half mile southeast of the main X-10 area of the Oak Ridge National
Laboratory, Oak Ridge, Tennessee. The site can be approached from either
the northeast or southwest on the asphalt-surfaced 7500 Road. A location
map is shown in Fig. 3.1.

It may be noted that in the plot plan, Fig. 3.2, and on all con-
struction drawings, that the long axis of the building has been taken as
the reference, or plant, north. The true north lies about 300 east of
this.*

The brief descriptive remarks made here regarding the MSRE site are
sufficient only to outline some of the factors influencing design of the
experiment. The meteorology, climatology, geology, hydrology, seismology,
and the general suitability of the location from a safety standpoint are
discussed in detail in theésafgty Analysis Report, Part V, of this report.

515

The location is a safe one for construction of reactor equipment, as
is evidenced by the several other reactors installed in the area and the
fact that the ARE and the 60-Mw(thermal) ART experiments were approved
for the same site.

The terrain consists of wooded hills and valleys. The elevation of
the MSRE site is about 850 ft above sea level. Haw Ridge, which lies
between the MSRE and the main X-10 area, has an average elevation along
the top of about 980 £t. The Clinch River (Melton Hill Reservoir) lies
two or more miles to the east and south and marks the boundary of the
ORNL reservation. The eight or ten square miles included in this bend
of the river are also occupied by six other ORNL reactor installations.
These are, in most instances, separated from each other by intervening
hills and distances of one-half mile or more. The installations include

the Tower Shielding Facility, the Health Physics Research Reactor (HPRR),

*In most instances this report gives compass directions only to in-
dicate a general relationship, and the distinction between plant north
and true north is not important. In general, unless otherwise stated,
the directions given are referred to plant north. Should the reader
have need for exact compass bearings, care should be taken to identify
the north used in & particular reference or drawing.
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the High-Flux Isotope Reactor (HFIR), and the associated Trans-Uranium
Facility (TRUF), the Experimental Gas-Cooled Reactor (EGCR), and the now
dismantled Homogeneous Reactor Experiment (HRE-2, or HRT).

The direction of the prevailing wind is from the southwest, but
close to the ground in Melton Valley during the night, or in stable con-
ditions, the wind tends to be from the northeast regardless of the di-
rection of the gradient wind. Very strong winds aloft, however, do con-
trol the direction and velocity of the valley wind. A frequently en-
countered condition is for up-valley light air movement from the south-
west during the day followed by a down-valley movement at night.9’lo

The soil is largely Conasaugs shale, and there are no persistent
limestone beds in the area to cause rapid movement of underground water
through solution channels or caverns. The shale is relatively imper-
meable to water, and such ground flow as might exist is probably limited
to a few feet per week. Surface water has a natural drainage to the
south into a small spring-fed tributary of Melton Branch, which in turn,
empties into Whiteoak Creek.9’lo

Only one or two very slight earthquakes occur per year in the
Tennessee Valley, and it has been judged highly improbable that a major
shock will occur in the Oak Ridge area for several thousand years.9’10

The MSRE is supplied with potable water from the X-10 distribution
system. The source of the water is the Clinch River. After treatment
the water is stored in a T-million-gal reservoir located near the Y-12
Plant. This supply serves the main laboratory complex and also furnishes
water to a 16-in. line which makes a complete loop to the south of X-10
to supply the several reactor sites, as shown in Fig. 3.3.* Two 1.5-
million-gal tanks, with maximum water level of 1055 ft elevation, are
located at the top of Haw Ridge as part of this loop system. The MSRE
normally receives water through a 12-in. main laid along 7500 Road to
the east of the MSRE reactor Building 7503 and joining the 16-in. loop
where it crosses the road. An existing 6-in. line along the same road

to the west of Bldg. 7503 serves as an alternative supply line. The
total available capacity probably exceeds 4OOO gpm. Building services

. *¥See ORNL Dwg F-46902 for complete layout of the X-10 water supply
system.

-
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and the fire protection system draw directly from the potable supply.
Process water also comes from the same supply, but a backflow preventer
is installed in the process water line to protect the potable water
system.

The MSRE is supplied with electric power from the 154-kv TVA system
through a substation located just north of the main X-10 area, as shown
in Fig. 3.4. The 13.8-kv transmission line from the substation to the
MSRE (ORNL Circuit 234) skirts the western side of X-10 along First
Street. A 13.8-kv feeder line from another 154 to 13.8-kv transformer
at the same substation (ORNL Circuit 294 ) passes to the east of X-10
to supply the HFIR area. This line passes close to the MSRE, and the
two circuits are connected together through automatic transfer switches
on poles at the MSRE so that each can serve as an alternative to the
other. The MSRE is normally supplied through Circuit 234.

The 13.8-kv, 3-phase, 60-cycle input to the MSRE serves process
equipment through a new 1500-kva, 13.8 kv to 480 v, transformer located
on the west side of Bldg. 7503. An existing bank of three 250-kva,

13.8 kv to 480 v, transformers on the east side of the building supplies
the building lighting, air conditioning, and other general purpose loads.

Diesel-driven generators serve as an additional source of emergency
power. These were originally installed for the ARE and the ART. There
are two 1200-rpm engine-generator sets of 300-kw capacity and one set
with a generator name-plate rating of 1200-kw but having a continuous
duty, limited by the size of the diesel engine, of 300 kw. The total
emergency generating capacity for the MSRE is thus 900 kw. These units,
together with the air compressors and compressed air tanks used for
starting the large engine and the batteries for starting the two smaller
units are housed in a generator house just west of Bldg. 7503.

Saturated steam at about 250 psig is supplied to the MSRE through a
6-in. main from the X-10 power plant as shown in Fig. 3.5. There is no
condensate return. The chief uses for the steam are building heat and
a few distillation processes.

Senitary disposal facilities consist of a septic tank and a drain-

age field west of the building.
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4. PLANT

k.1 General

General views of Bldg. 7503 are shown in Figs. 4.1 and 4.2.

Since some of the building spaces serve no functions which are
clearly related to the requirements of the MSRE, attention is again
called to the fact that the 7503 Area was originally constructed for
the ARE and later modified for the ART. It was not occupied between
cancellation of the ART in 1957 and the present usage. Although some
accommodations in the MSRE design were necessary to fit the experiment
into the existing structures, considerable savings in time and expense
were gained by thelr use.

Office, control room, shop and washroom spaces could be used almost
without change, and the heat rejection equipment, which included axial
blowers, ducting and stack, were a valuable asset. The existing con-
tainment vessel height was increased by about 8-1/2 ft, and the shield-
ing walls, roof plugs, cell wall penetrations, supports, and other
structural features were extensively modified. Considerable excavation
was needed within the high bay to make room for the drain tank cell.

In modifying the existing buildings for the MSRE, the areas were
divided into five classifications (see Ref. 11 for detailed description):

Class I. These areas have high radiation levels at all times
once the reactor has operated at power and highly radioactive fuel or
wastes have been handled in the equipment. They include the reactor
cell, drain tank cell, fuel processing cell, liquid waste cell, charcoal
bed pit, etc. The equipment in these areas must withstand relatively
high radiation levels and in most cases must be maintained by remote
maintenance methods. Direct maintenance will be possible in the fuel
processing and liquid'waste cells, but the equipment muét first be
decontaminated. |

Clagss IT. Areas in this classification are not accessible when
fuel salt is in the primary circulating system but can be entered with-
in a short time after the salt has been drained. The coolant salt area,
which includes the radiator, coolant pump, and coolant-salt drain tank,

are in this category. The west tunnel and the unshielded areas of the
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blower house are other examples. Egquipment in these areas can be re-
paired by direct approach.

Class IITI. These are areas that are accessible during periods of
low-power operation of the reactor, such as the special equipment room
and south electric service area, but cannot be entered if the power is
above 1 Mw. The equipment in these areas can be inspected and repaired
without draining the reactor.

Class IV. These are areas that are accessible or habitable at all
times except under the conditions described in Class V, below. These
areas include office spaces, control rooms, etc.

Class V. The maintenance control room will be the only habitable
areas during maintenance operations when large, radioactive components
are being removed from the reactor cell. The rest of the MSRE site
must be evacuated. This shielded room contains remote control units

for the cranes and TV cameras.

k.2 Offices
Offices for the operational personnel are located in Bldg. 7503
(see Section 4.3). Administrative and supporting personnel are located
in Bldg. 7509, which adjoins Bldg. 7503 on the east side. Bldg. 7509
is a new one-story, 43-ft x 87-ft concrete-block building equipped with
central air conditioning. The main entrance for visitors to the MSRE

is at the east end of this building.

4.3 Building

Above grade, Building 7503 is constructed of steel framing and
asbestos cement type of corrugated siding with a sheet metal interior
finish., Reinforced concrete is used in almost all cases below the
850-ft elevation.

Floor plans at the 852- and 840-ft levels are shown in Figs. 4.3
and 4.4, The general location of equipment is also shown in Fig. 4.3.
An elevation view is shown in Fig. k4.5.

The west half of the building above the 852-ft elevation is about
42 ft wide, 157 ft long, and 33 ft high. This high, or crane, bay area
houses the reactor cell, drain tank cell, coolant salt penthouse, and

most of the auxiliary cells (see Section 4.3.9).
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The eastern half of the building above the 852-ft elevation is 38
ft wide, 157 ft long, and about 12 ft high. Offices for operational
personnel are located along the east wall of the north end. The main
control room, auxiliary control room, and a room used for the logger,
computer, and for the shift supervisor on duty are located across the
hall on the western side. The large hall provides ample space for an
observation gallery. Windows behind the control panel enable th