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GENERAL

The Tower Shielding Facility was constructed
for the purpose of making practicable the general
study of shielding In order that the shield may
be tested without spurious effects resulting from
ground and structural scattering the facility is
designed so that a low power reactor with its
shield and a separate crew compartment can be
raised as much as 200 ft above the ground thus
rapid full scale tests on a large number of shielding
configurations are possible A simplified drawing
of the facility is shown in Fig 1

The underground control house is located between
the northmost pair of towers as shown in Fig 1
It will house all the operating personnel the
reactor control apparatus and most of the radio
tion measuring equipment In general the radia
tion detecting elements (ionization chambers
fission chambers etc ) and their associated pre
amplifiers are located at the reactor or within the
crew compartment the remaining measuring mstru
ments are in the control house The necessary
connections between the detector heads and the

terminal equipment are provided by means of cables
that are fed through conduit from the control house
to the instrumentation platform and are suspended
between the platform and the crew compartment or
the reactor tank This manner of stringing the
cables does not limit the flexibility of movement
of the two suspended bodies and it does permit
the shortest cable length consistent with the
proposed modes of operation Nevertheless over
500 ft of cable is required to connect the detector
heads to the terminal equipment

]E P Blizard C E CI fford J L Meem R H
R tch e and A S mon P oposal for a Divided Shield
Testing Facility ORNL CF 52 4 85 (April 18 1952)
C E Clifford and L S Abbott The Tower Shielding
Facility Safeguard Report ORNL 1550 (June 9 1953)

In a number of the proposed experiments both
the crew compartment and the reactor tank will be
filled with water which will thus constitute part
of the shielding In order to investigate various
asymmetric shield designs the experimenter can
move the reactor about inside the reactor tank and

move the detector head within the crew compart
ment These movements must be made by remote
operation from the control house so that excessive
time is not required for any series of tests There
fore remote positioning controls and position indi
cators inside the control house are necessary

Since shields are designed primarily for the
protection of personnel almost all the meas
urements will be of the type which provides

dosage information Alpha and beta radiations
are rapidly attenuated and present little problem
as far as shielding is concerned Thermal neutrons
do not form a severe hazard because of the high
human tolerance for them and because of the ease

with which they can be absorbed by a boron film
Therefore the ma|or experimental measurements
will be those of gamma and fast neutron dosages
although certain supplemental thermal neutron
measurements will be necessary

From the description of the general aims and
appearance of the TSF it is apparent that the
instrumentation and controls present some new
and unique problems First there are the problems
resulting from the spatial distribution of the com
ponents of the measuring system The necessity
of driving 500 ft of cable has been troublesome
especially for pulse measurements and has re
quired a new preamplifier design Extreme care
must be exercised in order to prevent noise or

^C G Goss K H Kline R K Abele F W Mann ng
J R Tallackson and J E Owens Instrumentation and
Reactor Controls for the Tower Sh elding Facility ORNL
CF 52 3 243 (March 15 1952)
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HOIST HOUSE

ALL DIMENSIONS ARE IN FEET

Fig 1 Structure of Tower Shielding Facility



interference pickup in this length of the cable
Also the spatial separation makes it necessary to
have equipment for remote position control and
indication Second there is the problem of de
signing at least part of the equipment to work
underwater outdoors and high above the ground
In addition to solving the usual counting and
monitoring problems it is necessary to protect
the system from lightning to provide weather
instruments to design compact chambers and pre
amplifiers for underwater operation and to devise
methods of cable suspension and termination

Several special devices are needed for the TSF
among which are a sensitive fast neutron dosimeter
and an automatic isodose plotter Limitations on
the reactor power together with the great attenua
tion expected with the divided shield have neces
sitated the development of a more sensitive fast
neutron dosimeter than fhe ones previously in use
The other special device is the isodose plotter
In order to regulate the position of the detector
head from a remote control point drive motors and
position indicators are required By going a step
further in the design it is possible to close the
loop thus connecting the positioning equipment
to the measuring equipment in such a way that
contours of constant dosage level within the water
shield of the crew compartment can be plotted
automatically The operator simply selects a given
counting rate and the desired plane of investigation
(that is XY XZ or YZ) The isodose plotter then
causes the detector head to follow this counting
rate in the desired plane and plots the path of the
detector on a Vanplotter a two dimension recorder
Experience at the Bulk Shielding Facility and other
shielding test facilities indicates that the isodose
plotter will be a highly desirable time saving
device

CREW COMPARTMENT AND

POSITIONING CONTROLS

The crew compartment in which radiation
intensity patterns are to be determined is a
rectangular steel box as shown in Fig 2 It has
inside dimensions of 60 x 60 in a depth of 96 in
and is constructed of /£ in mild steel plate Since
this wall thickness would cause excessive absorp
tion in some experiments openings were cut in all
four sides and in the bottom of the tank Quarter

inch steel plates were then welded into the
openings thus adequate structural strength is
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I PIPE PLUG IN

BOTTOM OF TANK

ORNL R DWG 05

WINDOWS ON ALL

FOUR SIDES ARE

V. STEEL

WINDOWS AND GUSSETS

Fig 2 Crew Compartment of Tower Shielding
Facility

furnished and absorption of radiation is reduced
Provision is made for the insertion of other

shielding materials in the tank as may be required
The top edges of the tank are reinforced by a
square frame of structural angle iron and this
framework supports the detector head positioner
which is shown in Fig 3

The positioner unit provides four coordinates of
motion namely X Y Z and 8 where 6 is the
angular rotation of the counter in a horizontal
plane (rotational axis vertical) The orientation
of the rectangular coordinate system is given in
Fig 3 Since ball bearing lead screws provide
highly efficient and economical torque multipli
cation without requiring multiple gear reduction
they are used to transmit power to the X and Y
coordinates Motion in the Z direction is provided
by a rack and pinion drive The Z axis member
which connects directly to the various detector
heads consists of a vertical sleeve constructed

of 3 in tubing with L in wall thickness Rack
teeth are cut directly into the sleeve for the re
quired length of travel Detector rotation with
respect to the d axis is provided by a shaft that
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UNCLASSIFIED
ORN DWG 906

Fig 3 Detector Head Positioner Carriage

rotates inside the vertical sleeve

Remote position indication and remote control
of all coordinates are accomplished by a system
of motors and synchros The drive motors are a c
servomotors In order that positioning information
in the control house be accurate to within ±2 mm

coarse and fine synchros are used to indi
cate the exact position of the detector head with
respect to the X Y and Z coordinate axes Limit
switches are included to provide reference points
and slip clutches on all motors prevent damage to
the equipment as the result of overloads

RADIATION DETECTORS

In order to satisfy the unusual conditions im
posed by the operating environment a complete
new set of radiation detector assemblies is being
designed and constructed for the TSF Eight

different detectors are proposed for the measure
ment of gamma and neutron dosages Each detec
tion element will be used to probe remotely all
parts of the water filled crew compartment a mode
of operation which established the following
design requirements

1 Each detector must be completely surrounded
by water or by a water equivalent material There
fore an 8 in plastic separator is inserted between
the detection element and its supporting structure
in order to minimize the effects of voids and

metals in the support
2 The preamplifier or the input electrometer

tube should be located as close as possible to the
detector in order to provide a good signal to noise
ratio to permit reasonable values of input time
constant and generally to facilitate driving 500 ft
of cable



3 The entire assembly including the cables
must be weatherproof furthermore the first 40 ft
of cable as well as the detector head must be

capable of operating under water
4 Minimum over all diameters are necessary so

that the detector may probe into the tank corners
and as close as possible to the walls

5 All material around the counter must be re

movable during calibration but it must be easily
replaced and watertight

In addition to the preceding requirements care
must be taken both to protect the instruments from
damage due to lightning and to avoid ground loops
in the instrument circuitry A counterpoise of
heavy copper conductors connected to the tower
legs and buried in the ground is sufficient to
protect the tower structure from lightning Further
more heavy copper conductors which are insulated
from the tower structure itself and connected to

the counterpoise are supported above the guy
wires and above the rectangular area between
the four tower legs These conductors will be
adequate to prevent the tower and its suspended
loads from receiving direct lightning strokes In
order to protect the instruments from secondary
strokes (that is the voltages induced by the large
flow of current resulting from direct strokes) all
instrument cables have an over all copper braid
that is connected to the counterpoise and is
insulated from the other conductors in the cable
for 5000 v surges of 1 mm duration In addition
lightning arresters are used wherever they do not
interfere with accurate measurement Thus to

provide lightning protection it is necessary that
each part of the structure and the exterior shields
on all cables be connected to the counterpoise

or station ground by heavy conductors however
ground loops in the instrument circuit may cause
spurious counts and/or erroneous pulse heights
It is therefore necessary to insulate the instruments
from the station ground in order that the existence
of only one ground connection may be assured
For this reason there is a separate instrument
ground which can be left floating This arrange
ment permits tying instrument ground to station
ground at the point which is most advantageous to
accurate measurement while still protecting the
equipment from damage due to atmospheric elec
tricity Additional measures are taken to protect
the operating personnel

Radiation detector heads (that is assemblies)

PERIOD ENDING JANUARY 31 1954

of the general construction shown in Figs 4 and
5 have been evolved to conform to the above

requirements Figure 4 is an exploded view of a
50 cc ion chamber while Fig 5 is a photograph
of an assembled 900 cc ion chamber both chambers

measure gamma dosage Note that the detector
element is placed at one end of a plastic separator
a cylinder approximately 3 in in diameter and
8 in long The opposite end of the separator
fits into a 9 in length of metal tubing which con
nects in turn to a coupling The metal tubing
provides sufficient space to accommodate the
electrical connectors and the preamplifier or the
first electrometer tube whichever the detector

element requires A coupling of the type shown
in Figs 4 and 5 is used on each detector head to
connect the assembly to the positioner unit and to
terminate a length of 1 in plastic tubing The
plastic tubing acts as a waterproof |acket which
encloses (1) the conductors that carry voltages to
the detector and preamplifier or electrometer
(2) the cables that transmit the signals to the
control house (3) the small tubings that supply
gas to the flow type counters (4) the gas line
that pressurizes the entire assembly against water
leakage and (5) an over all copper braid for
lightning protection The other end of this plastic
tubing which is approximately 40 ft long con
nects to a |unction box that is located on one side
of the crew tank This |unction box is one terminus
of the aerial cable and contains all necessary gas
tanks pressure regulators drying equipment and
connectors as well as a small power supply for
the preamplifier

In addition to the two ion chambers shown in

Figs 4 and 5 the set of detector elements in
eludes a scintillation counter a neutron dosimeter

a high sensitivity neutron dosimeter a fission
chamber and a neutron detector employing multiple
BF. counters An additional instrument a scmtil
lation counter with a rotating absorber wheel has
also been designed The perimeter of the absorber
wheel contains lead disks each of a different

thickness These disks may be successively
rotated in front of the scintillation counter crystal
The absorber wheel in conjunction with thp other
controllable parameters of the system provides a
means of obtaining various shielding data Remote
indication and control of the wheel rotation are

provided
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resistance the third stage acts primarily as a
phase inverter although a little gam is realized
Differentiation takes place between the third and
fourth stages The fourth and final tube acts as a
cathode follower with both halves of the 6BQ7

connected in parallel It can handle a differential
signal as large as 1 v although in actual practice
the maximum signal is L v or less The output
impedance is less than 100 ohms about as low
as is possible when the 6BQ7 is used in a standard
circuit An exact match to the cable impedance
could be obtained either by making a more complex
design for the output stage or by using a higher
impedance cable such as RG 62/U Space con
siderations and reliability of operation dictate that
the output circuit be kept as simple as possible
furthermore cables which are sub|ect to vibration
and flexure have a rather high level of noise and
the noise level is especially high in the case of
cables with semisolid insulation Unfortunately
all cables which are readily available commercially
and which have a characteristic impedance higher
than 75 ohms have semisolid insulation There

fore the lower characteristic impedance of RG 59/U
was accepted as being preferable either to the
greater noise of a cable with semisolid insulation
or to having a special high impedance cable con
structed with solid insulation Extensive tests

indicate that the slight mismatch between the
preamplifier impedance and the cable impedance
causes so little distortion that it is not discernible

to the main amplifier
The final innovation necessitated by the remote

operation is a special regulated power supply for
the preamplifier In order to reduce the number of
conductors between the control house and the

crew compartment a small power supply that can
be mounted directly on the side of the crew tank
has been built This supply requires only the
usual 110 v ac power and provides both heater
and plate voltages to the preamplifier Since the
supply is relatively near its load the problem of
IR drop in long lines is eliminated

CONTROL HOUSE INSTRUMENTATION

Before the remaining measuring instruments are
discussed a brief review of the measurement

philosophy and technique is in order
It is generally accepted that a fast neutron in

tissue produces its chief damage by knocking

4T A Perls J Appl Phys 23 674(1952)

protons out of hydrogen atoms The heavy protons
having strong ionizing properties produce con
siderable local damage before their kinetic energy
is dissipated The fast neutron dosimeter utilizes
the phenomenon of recoil protons knocked from
hydrocarbons to measure the reaction of fast
neutrons on tissue The dosimeter is a propor
tional counter tube lined with polyethylene filled
with ethylene gas and designed so as to maximize
the size of pulses from proton recoil and to mini
mize the pulse size from gamma radiation The
proportional counter pulses are amplified in the
preamplifier described above and transmitted down
the cable to an Al linear amplifier (Q 541) The
pulses are then sent to an integrator where a func
tion of pulse height is multiplied by the number of
pulses thus producing an output count that is
directly proportional to dosage 6 Each integrator
consists of a model Q 1179 B pulse sorter that
feeds two model Q 1010 scalers that have been

modified to receive the output of the pulse sorter
As in the measurement of fast neutrons the

gamma detectors are selected to be approximately
tissue equivalent The ionization chambers illus
trated in Figs 4 and 5 are used for high intensity
gamma measurements and for calibration A scintil
lation counter in which an anthracene crystal and
5819photomultipher tube areusedis another gamma
dosage detector one which overlaps much of the
useful ionization chamber range and extends to far
lower intensities as well With the crystal counter
provision is made both to feed pulses into a pre
amplifier and to measure the d c plate current of
the photomultiplier tube For measurement of low
intensity gamma dosage the pulses go from the
preamplifier to the amplifier integrator system
described above At high counting rates the plate
current of the photomultiplier tube can be meas
ured by using electrometer techniques In addi
tion the gain of the photomultiplier can be varied
by changing the value of high voltage applied to
the tube and the crystal size may be changed to
give greater or less sensitivity When all these
variations are utilized the scintillation counter

becomes an extremely wide range instrument
In addition to the above described measurements

of fast neutron and gamma dosages several supple

3G S Hurst R H R tchie and H N Wilson Rev
Sci Instr 22 981 (1951)

6F M Glass nd G S Hurst Rev Sci Instr 23
67 (1952)



mental measurements are planned In order to
obtain additional information useful in shield

design energy spectrum measurements can be
made by using a Q 1192 differential pulse height
analyzer in conjunction with a Nal(TI) or anthra
cene crystal counter a preamplifier and an Al
amplifier For all pulse measurements provision
is made for the Al amplifier to drive a logarithmic
count rate meter of a new design (Q 1454A) which
records counting rate information on a Brown re
corder Similarly the electrometer has an output
from which a recorder may be driven

Various thermal neutron measurements will be

made A high sensitivity BF, detector or a fission
chamber may be used with the preamplifier an Al
amplifier and two scalers together with a Q 1513
timer (preset time or count) to measure the thermal
neutron intensity at any point within the crew com
partment Counting room equipment for foil meas
urements is also being developed to map the flux
in reactors of the BSF type A 0 020 in dia cobalt
wire maybe inserted along the vertical axis of each
fuel element and in the lattice between elements

The length of each wire is sufficient to cover the
total length of each element After the wire has
been irradiated in the reactor for a known period
of time it is withdrawn and the activity of Co is
measured with a Nal(TI) scintillation counter
The scintillation counter feeds in succession a

preamplifier amplifier single channel analyzer
(ad |us ted to read the 1 38 Mev photoelectric peak
of Co ) count rate meter and recorder The
wire is moved on a motor driven carriage past an
aperture under the counter crystal The recorder
chart driven at a proportionate speed then plots
the counting rate as a function of vertical distance
from the top of the fuel element By means of
numerous such wires exposed in known positions
throughout the reactor a three dimensional plot of
average flux density of the reactor can be obtained
Correlation with other measurements made by using
indium foils is readily obtainable by means of a
series of calibrations in which indium foils and

cobalt wires are exposed simultaneously
Numerous auxiliary instruments are provided

The principal instrument for survey monitoring
by the Health Physics Division is the ORNL type
Q 1154 remote monitron that records both gamma
and thermal neutron irradiation A fast neutron

dosimeter will be used periodically to determine
the ratio of the gamma and slow neutron dosage to

PERIOD ENDING JANUARY 31 1954

the fast neutron dosage In addition various
portable survey instruments are available Weather
data will also be provided in the control house
wind direction and velocity air temperature at
the bottom of the tower and at the top of the tower
and humidity will be recorded on the control panel
Finally since a means of directly viewing the
two suspended bodies from within the control
house would present a radiation hazard during
operation visual contact is maintained by mecns
of an industrial television link A two camera

arrangement permits constant monitoring of the
reactor position and the position of the crew
compartment with respect to the reactor In the
event that gusty winds for example cause the
reactor to sway excessively both the weather
instruments and the visual indication warn the

operator that the reactor must be lowered The
visual indication is also helpful in lowering the
reactor into its pool

Several precautionary measures are being taken
to prevent the introduction of spurious noise into
the measuring circuits Each rack of measuring
equipment contains a small voltage regulating
transformer and a hash filter to eliminate noise

from the a c input power line In order to prevent
interaction of the scalers and for instance the

amplifiers their power supplies are segregated
Also no fluorescent lights will be installed in the
control building since they are often a source both
of radiated noise and of power line noise Power
lines for electrical typewriters desk calculators
and other such electrical office equipment are kept
separate and shielded from the power line for the
instruments During a period of experimental
data taking the operation of all power will be
kept to an absolute minimum in order to avoid the
attendant introduction of spurious counts

AUTOMATIC ISODOSE PLOTTER

A final part of the instrumentation is the auto
matic isodose plotter A block diagram of the
proposed system is shown in Fig 7

The principle of operation for the isodose plotter
is basically as follows The radiation intensity

Weather inst umentat on is described n detail on
page 10

o

Video nd cation s described on page 12

C G Goss a d F M Glass Nucleonics 8 No 2

66 (1951)
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/ determined with the measuring equipment de
scribed above is compared with a preselected
dosage level /- If the measured radiation level
differs from the selected value the coordinate

drive motors M and M change their respective
speeds until the detector position and heading
reduce the difference (/ - /.) to zero The vector
sum of the two coordinate drive speeds is con
stant however so that the detector head is driven

at a constant speed but in a controlled direction
along the contour of constant dosage level /.
Simultaneously the Vanplotter a two dimension
recorder makes a rectangular coordinate plot of
the detector head position in the crew compart
ment It should be pointed out that the detector
heading turns through an angle Y\ at a rate propor
tional to (/ —/Q) Proper damping is achieved by
adding the derivative term y. without which the
system may be unstable Through proper ad|ust
ment of the derivative term the system can be
given a degree of overshoot which ensures no
cumulative error The amplifiers are all high
gain devices whose response characteristics are
largely determined by the feedback networks indi
cated in Fig 7 as B. and 8, or tachometers T.
and T_ Each such component amplifier and feed
back network is essentially a null balance device
The remainder of the block diagram is self
explanatory

There are some additional features of the system
for example provision is made to plot isodoses in
any two of the three rectangular coordinate dimen
sions By connecting the Z axis in place of the X
or Y axis an XZ or YZ plot can be drawn The
coordinate which is not used in plotting a contour
may of course be preset to any desired value with
in its ad|ustable range Furthermore the speed
of the detector head is controllable The accuracy
of the plotted contours depends upon among other
things the speed at which the detector head is
driven Inclusion of a speed control permits con
trol of the plotting accuracy The Brown recorder
included in the loop makes a record of error as a
function of time this record is useful in determining
the accuracy of any portion of the isodose contour
and in correcting plotting errors Also the second
slide wire on the recorder provides a convenient
means for changing the control intelligence from a
d c to an a c signal voltage thus permitting the use
of a c motors and synchro indicators and avoiding
the difficulties of d c amplifiers The detector

10

can be made to scan in a constant direction by
merely opening the loop at the Brown recorder
and setting a fixed angle y at the resolver The
detector then scans along the chosen angle in the
selected plane at the desired speed Reference
points are included in the design and manual
setting of the detector at these points both call
brates and accurately orients the Vanplotter chart

Performance information on the automatic isodose

plotter can be precisely given only after completion
of the device The maximum speed of the detector
head is tentatively 0 1 in /sec Instantaneous
plotting error depends upon this speed and upon the
radius of curvature of the particular isodose path
Preliminary studies indicate that a constant radius
of curvature of as little as a few millimeters can

be plotted at maximum speed with small instan
taneous error The statistical nature of the input
information / has been considered and should

cause negligible error when a logarithmic count
rate meter is included in the loop Nevertheless
any system that contains as many fundamentally
nonlinear elements as this one cannot be precisely
specified until actual full scale tests have been
completed

WEATHER INSTRUMENTATION

Weather instruments are installed on the TSF in

order to provide wind and temperature data These
data are indicated and recorded on two strip chart
recorders on the panel board in the control room
in such a manner that the reactor operator has the
information at hand at all times along with a
permanent record The data will include the wind
direction and velocity at the 328 ft level the air
temperature (dry bulb) at the ground level and the
differential temperature (dry bulb) between the
ground level and the 315 ft level Provision has
been made on the recording equipment for instal
lotion of wet and dry bulb differential at a future
date if so desired

A complete commercial analyzer supplied by The
Instruments Corporation is used for wind analysis
This system consists of a d c generator type
anemometer a selsyn anemoscope and the as
sociated type M panel mounted anemograph re
corder The recorder provides a record of both
velocity and direction on a single chart having
double rulings A velocity range of either 0 to
75 or 0 to 150 mph is selected by means of a
manual switch at the recorder For direction a
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two pen system is used with a 0 to 360 deg scale
by the manufacturer The transmitters are mounted
on a crossarm mast atop the north main truss a
distance of approximately 30 ft from tower leg
4 (NE tower) This mounting provides the highest
mounting feasible while still allowing reasonable
access to equipment and providing lightning protec
tion by the overhead ground cables Also a
special three point recorder is used for temperature
recording This recorder has a dual range to cover
dry bulb temperature and differential temperature
on a common scale of —25 to +125°F Copper
constantan thermocouples mounted in gold plated
solar radiation shields equipped with blowers for
aspiration are used for temperature sensing The
sensing unit at the top of the tower is mounted on
the north side of tower leg 4 (NE tower) at the
315 ft level The unit at the bottom is mounted

near the same tower leg at a height of 5 ft from
the ground

As the weather data from this installation will

also be used by the U S Weather Bureau Office
Oak Ridge a coordinated effort was made to have
the installation satisfy their specifications as
well as those of the TSF
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VISUAL INDICATION OF TSF FUNCTIONS

K H Kline

In the TSF there was need for a remote viewing
device to permit observation of the operation of the
minimum shielded reactor in its suspended tank
Further there was need for observation of the

functions of the highly specialized equipment used
to monitor the radiation by remote control from
tne underground control house

Television was selected as the most likely
means of obtaining visual indication of the proc
esses With this method several positions in and
about the reactor can be viewed simultaneously
by placing a number of the portable T V Eye
cameras at strategic positions on the tower and
near the reactor The coaxial cables from the

cameras are strung along with the other cables
feeding the control mechanisms of the reactor
equipment to the underground control house
where the viewing receivers are located Tele
vision receivers with 17 in picture tubes were
selected to serve as the receiver units

It is believed that this system will be invaluable
in the TSF study and can be easily adapted to
almost any phase of research where remote observa
tion of a process or reaction is needed



PERIOD ENDING JANUARY 31 1954

INSTRUMENTATION FOR FLUORIDE DYNAMIC CORROSION LOOPS

S A Hluchan

A reactor loop constructed of the metal being
studied for corrosion effects will be inserted into a

reactor core hole for operation with a circulating
mixture of molten fluoride salts at a controlled

high temperature The core hole used for this
purpose will be HB 2 in the LITR

After a predetermined interval of successful
operation the loop system will be stopped removed
to a hot cell and dissected for inspection
Samples of the fluoride salts the Inconel tubing
and special metallic specimens will be analyzed
for radiation damage corrosion effects and other
changes

The main components of such a fluid circuit are
the in pile loop a heat exchanger a venturi flow
device and the circulating pump The entire
system will be located inside the reactor except
for the pump which will rest on a stand located in
front of hole HB 2

The entire fluid circuit and its components will
be traced by heaters and covered with insulation
Numerous thermocouples will be necessary to
determine system conditions

The basic measurements and controls required for
the operation of this system are summarized on the
instrument flow plan Fig 10

The most critical measurement and control problem
during the life of this experiment will be that of
temperature It will be necessary to maintain the
temperature of the entire loop between the limits of
about 1150to 1550°F the lower limit guards against
the solidification of the fluid and the upper limit
guards against physical failure of the loop piping
and components Close temperature control will be
maintained at the in pile end of the loop and less
critical control will be maintained at somewhat

lower temperatures in the other parts of the system
The electric temperature controller for the loop

end is of the duration ad|usting type with pro
portional and reset actions It will be provided
with a special expanded scale which will increase
the measuring sensitivity in the operating range
Temperatures of the various other components of
the system are controlled by manually ad|usting
the variacs which regulate the heaters

It is important that the temperature indicators
and thermocouples installed in the fluid circuit be

selected for rapid response not only to-f permit
rapid correction but also to provide sufficient
alarm setback or scram signals in case of acci
dental high temperature Speed of response in
thermocouples is improved by the use of small
gage wires immersion wells and welded contact
between the thermocouple |unctton and the surface

In progressing toward the required experimental
conditions for the loop three modes of control and
operation will have been experienced first will be
the heating of the system and the consequent
melting of the contained fluoride salt mixture
next will be the starting of the circulating pump
and auxiliaries and the establishment of tempera
ture equilibrium and finally will be the fluid
circulation in the presence of a neutron flux
During the first two stages heat will be supplied
to the system by means of electric heaters How
ever during the last stage heat will be continu
ously removed from the system by the air to fluid
heat exchanger Once the fluid mixture is molten
and circulating it must be kept in this condition
until the conclusion of the experiment

All factors which influence system temperature
are regulated by controlling devices Some of
these factors are fluid flow rate air flow to the

heat exchanger cooling water flow to the hole
|acket and off gas vent pressure

Safeguards for operating personnel and for the
reactor itself in the event of system leaks high
temperatures low air or water flow and high radio
activity readings at vent lines are provided by
means of ad|ustable alarm contacts in the recorders
or indicators The annunciator equipment will
either alert the operator or shut down the reactor
Special devices and local alarms (Q 1483 8 Q 1483
16 Q 1483 17) are employed to assist the operator
to protect the equipment and to prevent the oc

currence of false scram signals during the difficult
transitional periods occasioned by planned reactor
shutdowns and startups and by emergency shut
downs

In case of a severe reduction in pressure or
failure of the air supply to the heat exchanger
standby cylinders of nitrogen are automatically
valved into service

The panel layout(see Figs 11 and 12) is function

13
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INSTRUMENTATION AND CONTROLS PROGRESS REPORT

INSTRUMENTATION FOR UNIT OPERATIONS EXTRACTION COLUMNS

T M Gayle

A portion of the Unit Operations experimental
engineering program will consist of the construction
of two distillation columns two pulse columns a
spray column and a packed column These columns
will include the usual accessory feed tanks product
storage drums etc

The first distillation column is a conventional

15 tray Badger all stainless steel unit with a feed
capacity of approximately 60 gph The instru
mentation for the column is shown in Fig 14 Each
bubble tray will have its temperature monitored by a
multipoint recorder and through a switching net
work any tray temperature may be selected to
actuate the temperature recorder controller which
controls steam to the reboiler Present plans call
for the reboiler to be gravity flooded from the
column Also flow control of the tower bottoms

will be by liquid level flow control of the condensed
coolant will be by column pressure and the flow of
the product will be controlled by the product drum
level The temperature of the condensed coolant
will be measured For this size of column a con

trolled reflux rate was considered to be more de

sirable than the variable percentage product to

18

reflux splitting A reflux pump will be used to
ensure adequate reflux flow at all times

The second distillation column will be an all

glass unit of approximately 15 gph feed capacity
Instrumentation for this system will be very similar
to that for the stainless steel column Construction

of the individual detection and control devices will

be in keeping with an all glass system Thermo
couple wells for the bubble trays will be of glass
tubing with the couple sealed in the end and
rotameters for the feed reflux and product streams
will be of all glass and Teflon construction The
feed pump and reflux pump will be of the Vanton
design incorporating packless construction and a
plastic displacement element Tests of these
pumps over long periods of time have proved their
adequacy for this service All control valves will
be of the pinch tubing type

Instrumentation for the pulse packed and spray
solvent extraction columns will incorporate interface
measurement and control together with organic and
aqueous flow metering Level measurement in the
feed and storage tanks will also be incorporated
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Fig 14 Preliminary Design of Instrumentation for Unit Operations Experimental Distillation Column
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