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ABSTRACT

The means used to prevent the recurrence of tetralin leakage into the
SRE sodium systems are discussed. Included is a description of the redesign
of system components to utilize alternate coolants such as nitrogen, air, and
NaK. The use of kerosene to replace tetralin, where double containment is
provided, is discussed. The physical properties are compared, and kerosene is

shown to be free of the undesirable characteristics of tetralin.

The fuel-element cleaning system has been redesigned for steam washing,
followed by a water rinse and vacuum drying. Hydrogen gas evolved during
washing is oxidized with copper oxide to eliminate the possibility of a hydrogen-

oxygen explosion if air should accidentally enter the vent system.

The fuel element has been changed from a seven- to a five-rod cluster to
provide additional clearance in the channel. Element hardware has been
modified to provide an orifice location which will permit more precise flow
calculations; a redesigned hanger assembly which will minimize sodium holdup;

and filter screens at the channel entrance to prevent in-cluster plugging.

Diagnostic instrumentation has been provided for the reactor to monitor:
fission-product activity in the reactor cover gas; rapidly varying reactor param-
eters during a reactor scram; fuel internal and sheath temperatures; functions
being performed which will indicate the mode of operation. These data will
provide additional information to the reactor operator as well as providing a more

comprehensive coverage for reactor analysis,

vii



I. INTRODUCTION

A number of SRE fuel elements were found to be damaged after a low-power
run in July 1959, Tetralin leakage into the primary-sodium system just prior
to July 26, 1959, has been considered to be the cause of the fuel dau,nage.1 Tetra -
lin entered the system through a small rupture in the shaft freeze seal gland of
the main primary pump. The tetralin decomposed, partially plugging the fuel
channels. Decomposition products, principally carbon, were dispersed through-
out the sodium system. These carbonaceous products can r’esult in carburiza-
tion of fuel element cladding, reactor and coolant system components. The
presence of carbon will limit the maximum 6perating temperature until the car-

bon content can be reduced to an acceptable level.

To prevent a recurrence of this situation, organic cooling was eliminated
from components where the possibility of direct leakage into the sodium system

existed.

Other changes were made to the SRE to correct existing functional difficul-
ties or to provide for improved reliability. A steam fuel washing facility was
designed to permit safe and effective removal of sodium residue from SRE core _

elements. Instrumentation was added to monitor additional reactor parameters

and to provide alarms for off-normal conditions. The number of rods in the ==

SRE fuel clusters has been reduced from seven to five to provide additional
clearance in the channel. Other fuel hardware changes have been made to im-

prove structural and hydraulic characteristics of the element.

The purpose of this report is to describe all of these design changes.



[l. SUMMARY

A, ELIMINATION OF TETRALIN

Tetralin is no longer used at the SRE. A survey of alternate coolants and
a review of SRE equipment and heat loads resulted in the selection of nitrogen
gas, NaK, and kerosene as service coolants for this reactor. Nitrogen gas, the
inert atmosphere of the pipe galleries, is used to cool the primary cold trap
and plugging meter, and backup freeze seal section of the block valves. NaK
is used to cool the pump freeze seals. Neither of these coolants was suitable
for cooling the reactor top shield; an organic liquid was needed because of the tube

size and materials in the existing cooling coils.

In the search for a suitable organic, attention was directed to saturated
compounds, particularly to a petroleum fraction, kerosene. Saturated com-
pounds do not have the active carbon-hydrogen groups of the aromatics,
hence do not form the complex sodium compounds. Neither do they have the
tendency to form peroxides that is common‘ to alkyl aromatics such as tetralin,
Kerosene can be evaporated to dryness in the presence of air without the for -
mation of peroxides. Kerosene was selected because of the extensive industrial

experience with this product and the following suitable physical properties:

Boiling point range (°F) 436 to 570
Viscosity at 100°F (centistokes) 2.85
Flash point (°F) 190

For cooling of the valve freeze seals and the top shield, where it is im-
practical to use inorganic coolants, double barriers are provided to prevent
leakage of kerosene into sodium systems. A small (90~gal), separate cooling
system has been installed to cool the top shield. An accurate indicator-alarm

on the surge tank level will permit early detection of any leakage.

In addition to modifications made to prevent organic leakage into sodium
systems, changes were made to improve component performance and system

reliability.

1) Valve freeze seals have gas cooling as backup to maintain the freeze

seals if kerosene cooling is lost,

4
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2)

3)

4)

5)

e

Circulating-cold-trap internal design follows HNPF practice, which
has been experimentally demonstrated to have a higher trapping rate

and greater oxide capacity than the former SRE design.

The hot trap will be disposed of as a unit. This will simplify changing
the gettering charge by eliminating the insert removal operation. Op-
erational experience has demonstrated that insert removal is diffi-

cult because of the possibility of spreading radioactive contamination.

Changes to the sodium circulating pumps, to permit NaK cooling,
have resulted in a superior bearing housing which is not subject to
the leakage problems associated with the original housing. Freeze
seal redesign provided a unit in which the coolant coils are protected
from the shaft by a perforated sleeve. The coils are free to move,
and thus a seal of low stress is provided. There are no welds in the
seal tubing where it is subjected to a temperature gradient or where
it is in contact with sodium. These changes will greatly improve
integrity of the coolant chambers and reduce the possibility of leak-
age. A system of this type has been successfully operated for more

than 6 months in the main primary system of SRE.

NaK circulation and cooling is assured by providing double pump-
ing capacity and anemergency source of power for the units.
The amount of NaK which can leak into the sodium system by a failure
in the NaK system is limited by the use of an independent NaK system
on each sodium pump. With the instrumentation provided, sufficient
warning can be obtained to take corrective action (balance the sodium
head with gas pressure) to prevent sodium from entering the pump

casing even though the seal temperature is above the sodium melting

point.

Sodium samples for physical and chemical analysis may be obtained
during reactor operation. Carburization test specimens may also be
removed when the reactor is in operation. The specimens will be

removed from the reactor by.a simple gas lock.



B. SODIUM SYSTEM CHANGES

The modifications effected will increase system reliability and operational

flexibility,

1) The moderator coolant eductor has a simple structural design with
circular cross sections. The eductor replaces a linear induction pump
that had flat throat sections which were subject to deformation during
preheating and operation. The eductor requires no electrical supply

system. The simplicity of this new component will give higher reli-

ability than the former pump. -
2) The main secondary bypass line will increase temperature stability of
the reactor,and the temperature range in which isothermal reactor
physic tests can be made. The magnitude of the time required to change
from isothermal circulation to flow through the steam generator will be
reduced from days to hours. Operational flexibility will be enhanced.
3) The new freeze traps will add to operating efficiency by speeding sodium
filling and draining procedures,
C. FUEL WASHING SYSTEM
Experimental evidence has demonstrated the desirability of using steam
rather than water for removing residual sodium from core components. The
sodium~steam reaction can be controlled by the steam flowrate to hold the ele-
ment temperature within any desired limits. A new wash cell has been installed
at the SRE which incorporates the design improvements developed by the ex~-
perimental program. Twenty elements from the core have been successfully
washed in the new system, which operates as designed. B
D.. INSTRUMENTATION o

SRE fuel damage which occurred in July 1959 pointed out the need for ad-
ditional instrumentation which would provide the operating staff with more in-
formation on behavior of the system. The fission-product monitor will provide
a continuous record of the activity in the reactor cover gas. A fuel cladding

rupture will thus be readily detected.




The reactor transient monitor will provide continuous recordings of se-
lected variables whenever such information is required. These data will be
used for analysis of reactor behavior or any unusual event. These datayused
in conjunction with the operations event recorder and other recorded reactor
data,will permit a much more complete analysis of these events and provide

valuable information on the behavior of the reactor complex.

Eight fuel elements in the thorium-uranium fuel loading will have thermo-

couples in the fuel; the readout instruments, with visual and audible alarms

for abnormal temperatures, will be located so as to be under constant surveil-

lance of the reactor operators. The fuel channel exittemperaturethermocouples
have been placed directly in the sodium stream to increase the rate of response.
They have been extended below the orifice plate to eliminate possible errors

from convective circulation and/or heat conduction from the upper plenum.

In the area of controlinstrumentation, the flux/power deviation circuit
will provide an additional channel of safety instrumentation. Its action will
not alter in any way the functioning of the normal plant protective system. It
will provide additional protection against transients in the low power region
where the high power trip is least effective in protecting the reactor. This cir-
cuit will protect against high or low sodium flow, and high or low reactor power
as compared with heat removal capability, by providing an alarm, setback, or

scram depending upon the degree of deviation.

Relocation of the annunciator panels permits direct view of all windows
displaying alarm warnings, and permits more prompt corrective action.
E. FUEL ELEMENTS

A new fuel-cluster geometry is used with five standard peripheral rods
arranged in a concentric ring around a 3/8-in. ~-diameter stainless-steel support

rod. The radial clearance between wire wrap on the fuel rods and the coolant

channel wall is increased from 0.029 to 0.162 in. A filter screen at the bottom

of the fuel element prevents particles of foreign material (larger than one-third

the radial clearance of 0.162 in.) from entering the fuel channel.



Nuclear characteristics for the 34-element, five-rod, thorium-uranium
loading are not significantly different from the 3l-element, seven-rod, thorium-
uranium loading. The reactivity coefficients and rates of reactivity change from
rod withdrawal are very close to, and in most cases either the same as, or be-
tween, those for the unalloyed-uranium core on which the SRE was previously
operated and the seven-rod thorium-uranium core reported in NAA-SR-3175

20
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coefficient of reactivity for the five-rod thorium-uranium loading (-1.7 x 10~

which was previously approved for the SRE. The fuel-temperature 5
Ak/k per °F) is not as strongly negative as for the seven-rod thorium-uranium
loading (-2.2 x 10-5Ak/k per °F) but is more strongly negative than for the first
core uranium loading (-1.4 x 10-5A k/k per °F). The fuel-temperature coef-
ficient is the most prominent factor in the stability of the SRE because of its
short time constant. The void coefficient for the five-rod thorium-uranium
element loading (6.5 x 10~5A k/k per %void) is lower than for the first core
uranium loading (8.6 x 1072 A k/k per % void), although slightly higher than for
the seven~rod thorium-uranium loading (4.9 x IO_SA k/k per % void).

Hydraulic characteristics for five-rod fuel elements are not significantly
different from those for seven-rod fuel elements. Most of the core pressure
drop occurs across the orifice plate which has been relocated to the top of the
element. The orifice plate now resides within a machined surface in the spacer-
ring hardware at the top of the moderator can, thus permitting closer tolerances
and ensuring uniform peripheral leakage of sodium flow and resultantly more
uniform fuel-channel-exit sodium temperature distribution. The hydraulic

characteristics of the new fuel element have been determined experimentally.
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lIl. ELIMINATION OF TETRALIN

A. SELECTION OF SERVICE COOLANT

1. Service-Coolant Requirement

A service coolant is needed to establish and maintain sodium freeze seals
on pumps and valves, to cool piping galleries and biological shielding, to remove
afterglow heat from fuel storage cells, and to remove heat from cold traps and

plugging meters.

2. Discussion of Tetralin

Tetralin (tertahydronaphythlene) has been used as the service coolant
since SRE operation started. However, tetralin has certain disadvantages as a
coolant. Tetralin forms peroxides upon exposure to air. Any peroxides present
in tetralin will concentrate in the residue during evaporation, and experience at
other facilities has shown that these peroxides are unstable and can react vio-
lently. 23 At the SRE the use of a nitrogen cover gas above the free surface in
the tetralin surge tank, and the use of an amine as an anti-oxidant resulted in
peroxide concentrations less than 0.05% in the service coolant system; no perox-
ide decomposition reactions were observed. However, high concentrations of
peroxides conceivably could occur in portions of the SRE system during shut~

downs, or after components have been removed from the system. There would

be an explosion hazard if these residues were heated. Tetralin has been removed

from the coolant system, eliminating this hazard.

Tetralin had certain other disadvantages for SRE service. Naphthalene,
a tetralin decomposition product, will readily add sodium to active carbon-
hydrogen groups in the unsaturated rings. The resulting naphylsodium compound

formed is very reactive, and pyrophoric. After tetralin had leaked into the pri-

mary sodium system, pyrophoric particles were observed in a sample of reactor

cover gas. In common with allorganics, carbonaceous residues result from the
tetralin-sodium reaction. Blockage of fuel coolant channels, which was a cause
of the fuel damage experienced in 1959, has been attributed to tetralin decom-
position products. = Tetralin also is an excellent solvent for rubber, neoprene,
and other common gasket materials. As a consequence, leakage at fittings was

a problem.



3. Survey of Service Coolants

Gaseous nitrogen appears to be an ideal service coolant for applications
where the heat flux, coolant flow area, and temperature driving force (temper-
ature difference between sodium and the service coolant) permit its use. The
low heat transfer film coefficient (compared to liquids) minimizes thermal shock
of the sodium component. Nitrogen gas is used only at low pressures in the new
components designed for the SRE. In these low-pressure applications, nitrogen
pressure is less than sodium pressure, so there can be no leakage of gas into the
sodium system. In the event of a sodium leak into the coolant annulus there will ~
be no chemical reaction, since nitrogen behaves as an inert gas with sodium.

The gas itself is compatible with inexpensive materials of construction and pre-

sents no special handling or safety problems.

A literature search was made to select the optimum liquid coolant for
use with a sodium system. 4 The criteria were a suitable melting - boiling point
range and the absence of carbon. Of the 39 compounds that satisfied these cri-
teria, all but NaK and water were eliminated on the basis of potential corrosive-
ness, neutron-absorption cross section, or the requirement of a relatively

expensive auxiliary system.

The sodium-potassium eutectic alloy (NaK) will be used to remove heat
from the sodium-pump freeze seals. Its use is required by the heat flux, coolant
flow area, available temperature driving force, and need for a coolant that does

not react with sodium.

Water has been used successfully in the component development program
and may well be the optimum liquid coolant, particularly for accessible com-
ponents. However, the SRE service system is not designed for use with water.
Rather than undertake a substantial redesign of the system, it was decided to use

other liquid coolants where liquids were required.

An organic liquid coolant will be used to cool the reactor top shield, since
there is a double barrier between the service coolant and the sodium system.
Neither NaK nor nitrogen was suitable for this application because of the tube

size and the materials in the existing cooling coils.

In the search for a suitable organic, attention was directed to saturated

compounds, particularly to the petroleum fraction, kerosene. The saturated




co\mpounds do not have the active carbon-hydrogen groups of the aromatics, and
hence do not form the complex sodium compounds. Neither do they have the

tendency to form peroxides that is common to alkyl aromatics such as tetralin.
Kerosene can be evaporated to dryness in the presence of air without the forma-

tion of peroxides.

4, Properties of Kerosene

- Kerosene has suitable physical properties for use as a service coolant.
The grade of kerosene meeting specification MIL-F-25558B was selected for the
SRE because of this grade's low content of unsaturated compounds and high flash

point. The concentrations of unsaturated compounds are listed in Table I.

TABLE 1

CONCENTRATION OF UNSATURATED COMPOUNDS IN KEROSENE

Tyvoe Maximum ... Typical
yP Permitted (vol %) ~ (vol %)

Aromatics ; 5.0 . ) 3.6

Olefins 1.0 0.5

As noted inthe preceding paragraph, alowunsaturated-compound concen-
trationisnecessaryto preventthe formationof reactive compounds. Purchase of
kerosene to this specificationassured rigid manufacturing controls in the refinery.

The high flash point of this grade (190 °F minimum, 200 °F typical) minimizesanyfire

hazard during handling of the material. In fact the Fire Code5 does not include

in the '"flammable list"" liquids with flash points above 200°F. Physical proper-

ties of kerosene pertinent to this application are listed in Table II.

TABLE II
KEROSENE PHYSICAL PROPERTIES

Distillation Range (°F)

Initial boiling point 430

End point 570

Viscosity at 100°F (centistokes) 2.85
Specific Gravity 0.85
Specific Heat (Btu/lb-°F) 0.4
Freezing Point (°F) -40
Autoignition Temperature (°F) 490



The high initial boiling point of this kerosene (approximately the same as
the boiling point of tetralin) willassure a one-phase system during normal opera-
tions. The viscosity permits the use of existing pumps. Normal gasket mate-
rials can be used with kerosene. Kerosene has low toxicity; it has only a slightly

irritating effect on the skin.

While the aromatic compounds suffer less radiation damage than other
classes of organics, the difference is not significant in this application. The
average dosage received to date by the tetralin has been estimated to be 6 x 106
roentgens. This is considerably less than the dosage of 5 x 108 roentgens re~
quired for minor damage to kerosene. In the event of significant damage after

long exposures, the kerosene in the system can be easily replaced.

Compatibility of a commercial-grade* kefo sene with sodium has been
determined experimentally. The closed-system pressure-temperature relation-
ship has been established for kerosene and for kerosene-sodium up to 1200°F;
the relationship is shown on Figure 1. The apparatus and method were similar
to that used by McKisson and Hortdn in their study of tetralin-sodium compati-
bility. The curves show several regions. The linear portion belbw 450°F re-
presents the expansion of argon gas, showing ideal behavior. The region
between 450°F and 630°F can be explained by the vaporization of kerosene. The
discontinuity at 630 °F indicates the end of vaporization. Between 630°F and
approximately 850°F one visualizes the expansion of a nonideal gas mixture of
argon and kerosene vapor, with a small amount of decomposition products on
curve B. The presence of these decomposition products accounts for the dis-
placement of curve B from the curve for kerosene alone. About 900°F the pres-
sure rises very rapidly with temperature, indicating that decomposition is occur-
ring. Above 900°F thermal cracking of kerosene is enhanced by the presence of
sodium. Above 950°F the evolution of gas is much more rapid in the presence
of sodium than it was in its absence. The presence of sodium makes no appreci-
able difference in the temperature at which rapid decomposition is initiated.
These observations indicate that the interaction of sodium with kerosene becomes
rapid only after thermal cracking of the kerosene has commenced. Then the

sodium interacts with the gaseous fragments. A carbonaceous residue, having

*Pearl Oil, Standard Oil Company of California
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the appearance of soot, remained in the capsules after these tests. The residues

were inert; there was no indication of the presence of any pyrophoric compounds.

The compatibility of MIL-F-25558B kerosene with sodium is being inves-
tigated. Initial results indicate that cyclic compounds predominate in this mate-
rial. The pressure-temperature curve for this kerosene with sodium was identi-

cal to curve B in Figure 1.

One of the principal reasons for the choice of kerosene was the extensive
industrial experience that has been accumulated on the use of this material. Ker-
osene has been refined inthe United States since the beginning of the petroleum
industry in the 1850's. The production rate has been substantially increased in
recent years as a result of its demand as an aircraft fuel. The safety experience

7,8,9 Kerosene will react

gained through this wide usage has been reported.
chemically only under the strongest oxidizing condit:ions.9 The only hazard is
that of fire during handling or leakage from the system. The high flash point
(200°F) of the grade selected for the SRE minimizes this hazard. One large
consumer has reported that they have had no incidents because of fire duetoacci-
dental ignition of fuel since they have been using kerosene.10 In none of the re-
ports was there any mention of the formation of any unstable compounds such as

peroxides which could cause explosions.

B. COMPONENT MODIFICATIONS TO PREVENT ORGANIC LEAKAGE

l. Valve Freeze Seals

The original primary- and secondary-system block valves were provided
with an organic cooling jacket which was separated by a single wall from the
sodium system. With only a single containment, the possibility of undetected

organic leakage into the sodium existed.

The primary system block valves have been modified by mounting a new,
two-region freeze seal above the original seal (Figure 2). The existing coolant
jacket was cleaned to remove all tetralin and peroxides. The tetralin tubing was
disconnected and the jacket left open. The stem extension and new seal section
were shop fabricated and installed on the valves in the galleries. The original
yoke, gears, and operator were then mounted on an extension bracket. The

lower section of the new seal is a kerosene coil cast in aluminum block. The
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inside of the aluminum toroid is machined to give a close fit on the seal tube.
The upper section of the seal consists of finned tubing. Design of this gas-cooled

section has been based on free~convection heat transfer to nitrogen at 150°F.
However, in the galleries,under normal circumstances, incoming nitrogen at
50°F from the gallery dehumidification system will be blown over the finned sec-
tion. Both the kerosene coil and gas-cooled section of the block valves are de-
signed for 1200°F sodium in the valve body; the moderator coolant valves are

- designed for 700 °F sodium in the line. Either of these sections alone will be

sufficient to establish a freeze seal around the stem.

Heat transfer design of these freeze seals was based on a modified-fin

development. This method has been reported by Mc:I)ona.ld.1

The freeze seal of a spare 6-in. sodium block valve was modified, and
the valve tested in the laboratory with 1000°F sodium flowing through the valve.
The seal was maintained, during operation of the valve, with a 70-psi pressure
difference across the seal. The seal was also successfully maintained in a
12 -hour test without kerosene cooling. Ambient temperature around the seal was

maintained at 150°F during the test.

The pumps of the plant service coolant system are normally driven by
electric motors; pumping reliability is assured by the standby gasoline engine.
The possibility of a leak in the coolant line serving a valve or a loss of coolant
due to a leak elsewhere in the organic system exists. To prepare for the con-
tingency of loss of the liquid~coolant flow, the kerosene-cooled region of the
freeze seal will have a gas-cooled region as backup. The average gallery gas
temperature is 125 to 150°F. Since the exact gas temperature in the immediate
vicinity of the valves is not known (it is likely higher than the average tempera-
tures), cool (50°F) nitrogen returning from the dehumidification system will be
ducted to each valve freeze seal toassure the integrity of the gas-cooled seal.
The cool return gas will also maintain the seal during outages of moderate dura-
tion of the gallery kerosene coolant tubing. This modified valve freeze seal will

provide for increased system reliability for the following reasons:

a) There are three barriers between the kerosene and the sodium,
which will prevent any leakage of kerosene into the sodium system.
b) The gas-cooled section provides a backup in event of loss of kero-

sene cooling.
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The secondary block valves were removed from the system and thus did not

require modification. Removal of these valves has been made possible by the

disconnection of the main airblast heat exchanger, and the presence of four 8-in.

~‘bellows seal valves which were installed with the CE steam generator. These

four bellows seal valves will be sufficient to provide flow control and blockage

for both the CE and the B & W steam generator.

A number of other methods for removing heat from these seals were

considered during the investigation:

a) Forced- or free-convection NaK loops utilizing the existing

coolant jacket on the valve stems, with NaK to water or
kerosene heat exchangers located in the galleries, were evalu-
ated. An individual loop for each valve would have been re-
quired to minimize NaK entry in the sodium. These would

be rather complicated, expensive loops. It would have been
very difficult to clean the existing cooling jacket thoroughly

enough for safe use with NakK.

Free-convection gas cooling was selected as the optimum method
for cooling valves in the secondary system, located outdoors, if
modification of these valves is ever required. However, in the
galleries, local ambient temperatures are not predictable due to

proximity to sodium piping. Local temperatures may exceed 180°F

on rare occassions. This method was ,de,eme;,d unac;c_e‘pj_:ﬁbk er the

primary valves.

Forced-convection gas cooling with ducts directing 50 °F nitrogen to
each valve was considered as part of an expansion of the gallery
dehumidification. It waé proposéd that the entire gallery-space
cooling load as well as valve, cold-trap, and plugging-meter cool-
ing be added to the duty of this system. In the expanded system
there would have been three cooling units, only two of which would
be required to handle the vital loads. Hence, there would be an
"operating spare' unit for backup. This alternative was considered
very attractive from a technical standpoint, but the proposal was

dropped because it would require extensivé redesign.
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d) Use of kerosene coils outside of the existing tetralin jacket was also
considered. A laboratory test showed that a satisfactory seal could
be maintained. However, there were certain disadvantages which

caused rejection of this alternative. These were:

1) The test was performed with a clean jacket. Jackets on SRE
valves might contain carbonaceous material that could not be
removed. Jacket-to~helix~land contact resistance may have been

higher than in the test valve. These factors would make the heat

transfer impedance greater in the SRE valves and result in higher

seal temperatures than observed in the test.

2) The existing yoke support bracket that is welded to the valve bon-
net, would have to be removed for installation of the coolant tub-
ing. No practical plan was formulated for the replacement of

this bracket with the precision required for proper yoke alignment.

3) Installation work would be conducted close to the 6-in. pipe in a
high radiation field (~ 2 r/hr).

2. Circulating Cold Traps

The original cold traps provided for SRE sodium pruification were de-
signed for boiling toluene cooling. These traps were replaced in 1958 with a
trap cooled by circulating 'cetra.lin.12 Here again, only a single barrier separa-

ted the organic and sodium systems, so a modification was required.

Since this component could be easily designéd for gas cooling, this meth-
od was selected. There remained the problem of rejecting the heat from the
nitrogen gas in the cold-trap vault. Expansion of the gallery dehumidification
system to handle the primary cold-trap heat load, as well as other loads listed
in the section on valve freeze seal cooling, was considered. With this plan the
gas-to-liquid heat exchanger for cold-trap heat rejection would be located out-
side the gallery in an accessible area. This arrangement would relieve conges-
tion in the vault. While technically sound, this alternative was rejected because
of the extensive alterations required. A nitrogen-to-kerosene heat exchanger

has been installed in the sodium service vault to remove heat from the cold trap.
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f‘eature’s of the nkew primary and maiﬁ sekcdndary cold traps afe shown on
Figure 3. The traps are similar to the type developed for the Hallam Nuclear
Power Facility. Incoming sodium is cooled as it flows down the annulus. The
annulus is packed with stainless mesh to provide sites for the crystallization of
sodium oxide; and to filter out precipitated oxide. Sodium oxide crystallizes
from the sodium stream when the temperature is lowered below the saturation
(or "plugging') temperature. The lowest temperature is reached at the trap
bottom; this temperature fixes the systerﬁ oxygenv concentration during steady-
state operations. An economizer (sodium-sodium heat exchanger) is an integral
part of the trap. Incoming sodium passes over the outside of the economizer
tube. Since there is ample clearance around this tube, any oxide that may pre-

cipitate on the tube will not obstruct flow,

This trap can be vented during filling through a freeze trap. There is a
possibility that gas may collect in the shell during operation. A 1/8-in.-diameter
hole is provided in the economizer top to serve as a continuous vent. This hole
may plug with oxide when the inlet sodium is saturated, but should be opened by

solution when the system has been purified.

The traps are gas cooled: the main secondary trap with air, and the pri-
mary with gallery nitrogen. Longitudinal fins (160 fins, 1/8 by 1 by 69-1/4 in.)
are mounted on the vessel to increase the heat transfer surface. Flow of gas is
in at the bottom and out at top, countercurrent to the sodium in the annulus. A
7-1/2-hp blower is used to circulate air through the main secondary unit, as
shown on the secondary-sodium-system P & I diagram (Appendix A-2). Primary-
cold-trap cooling equipment arrangement is shown on the primary-sodium-system
P & I diagram (Appendix A-1). A 10-hp blower draws the gallery gas past the
trap and through a nitrogen-to-kerosene heat exchanger. The damper on the
blower discharge will be adjxisted manualigi"‘with’a valve operator. Kerosene flow
to the gas cooler will be controlled manually so that the blower discharge tem-
perature will be 150°F. Performance characteristics of the primary cold trap

have been calculated and are shown in Table III,
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TABLE III

COLD-TRAP OPERATING PARAMETERS

Nitrogen

Inlet Temperature (°F)
Trap Outlet Temperature (°F)
Gas Flow (cfm)
 Cooling Load (Btu/hr)
Pressure Drop (in. water)

Duct Outlet Temperature (°F)
Sodium

Flow, (gpm)

Inlet Temperature (°F)

Outlet Temperature (°F)

Trap Bottom Temperature (°F)
Outlet Oxygen Concentration (ppm)

Low-Temperature Normal
Cleanup Operation

150 150

257 302

1500 1500

152,000 217,000

11 11

150 150

26.1 13.2

350 500

305 386

290 290

10 10

Conventional heat transfer calculation methods were used in the design.

The trapvesselis 18-in. pipe, 78 in. long.

the requirements of the ASME Code.13

It is made of carbon steel.

This vessel was designed to meet

a temperature limitation of 700 °F on the trap. At higher temperatures, -the

transfer rate of carbon from carbon steel through the sodium to 18-8 stainless

steel becomes significant.

Organic cooling has been removed completely from the cold traps. In

addition, the results of the HNPF development progra.rnl4

that the internal design changes will improve the capacity and effectiveness of

the trap.

have demonstrated

Alternate cooling methods were considered during conceptual design.

Use of a NaK system was discussed; the complexity of a NaK system was not

warranted for this application.

A kerosene coil around the trap vessel, with

This imposes

NaK as the third fluid in a jacket around the coil, was also considered. Detec-

tion of leakage both into and out of the NaK jacket presented some reliability
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problems. However, the plan was rejected on safety considerations. In the
event of kerosene leakage into the static NaK system, an explosion potential

would be present during cleaning of the component.

3. Plugging Meters

Sodium plugging meters, used to determine oxygen concentration in
sodium, were formerly tetralin cooled, with only a single wall between organic
and liquid metal. The basic plugging-meter loop has not been changed; it is
shown on the primary-sodium-system P & I diagram (Appendix A-1). A gas-
cooled heat exchanger has been provided, with accompanying blower and control
damper. The heat exchanger is a 2-in., schedule 40 pipe, 24 in. long; it has
32 longitudinal fins, 0.050 in. by 3/4 in. Air will be used in the secondary units,

nitrogen in the primary. Operating parameters are;

Gas Inlet Temperature (°F)

Primary 150
Secondary ambient
Gas Flowrate (cfm) 150
Plugging Valve Minimum
Temperature (°F) 250

4. Hot Traps

The original hot-trap vessels were a permanent part of the piping
system. A cartridge containing the gettering material was suspended from a
blind flange at the top of the vessel. A tetralin-cooled freeze section was lo-
cated just below the ring joint flange to prevent any leakage. Experience with
sodium components containing inserts has proven the insert removal operation
‘to be difficult because of the possible spread of radioactive contamination. Spe-
cial handling equipment, containing an inert atmosphere and gastight gates,

would be required.
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In the new hot traps (Figure 4) the freeze seal section and re-
movable cartridge feature have been eliminated. When the gettering charge
is spent, the inlet and outlet lines will be cut (both are located at top of
trap), and the whole unit removed for disposal. The equipment is designed
so that a vessel can be removed without personnel entry to the vault. Oper-
ational experience has demonstrated that a primary- sodium-system com-=
ponent of the unitized type can be removed and replaced with an entire
new unit in about half the time required to replace an insert. Manufactur-

ing costs for the new vessels are about the same as for the inserts in the

old traps.

The new traps will contain stainless steel strip as the gettering agent

to extract carbon from the sodium stream. Type 304 stamless steel 1s the charge
in the first trap. Information on the equilibrium distribution of carbon between |
Type 304 steel and sodlum,15 and data on the carburization of a Type 304 pipe
specimen removed from the hot trap piping at the beginning of the modification
period, indicate that this gettering material will extract approximately 5 1b car-
bon per 500 lb charge. Ninety percent of the equilibrium quantity of carbon will
diffuse into the steel in 100 hr. Type 410 sfainless steel, containing 12% chro-
mium, will be used in subsequent traps. The Type 410 steel will have about1/3
greater capability for carbon removal than the Type 304 steel.

A detail of the gettering coil is shown on Figure 4. The corrugations
are the same that were used in the earlier ,,‘zﬁi;;gwggngmmg;aps.12' Stainless steel
specimens will be mounted both in the inlet pipe to the trap and in the dome of

the vessel. Analysis of the tabs will permit evaluation of trap operation.
The trap will be operated at 1300°F. Sodium flowrate will be 10 gpm.

5. Top-Shield Cooling

Reactor biological shielding can be divided into two separate sections:

a) Portion outside the containment vessel

b) Top shield, located directly above the reactor.

The coolant circuits outside the containment vessel are the core cavity,

auxiliary cavity nozzle, main cavity nozzle, and instrument thimble circuits.

The coolant for these circuits flows through tubing welded to the outside of the
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' cavity liner. It is separated from the primary sodium system by the tubing
wall, cavity liner, outer tank, and core tank., These barriers will prevent
leakage into the sodium; the circuits remain unchanged, and will be served by
the large kerosene system. These circuits are shown on the kerosene ser-

vices P & I diagram (Appendix A-6)

The top shield cooling circuits are at the base of the concrete in the
ring shield, and top shield plugs (140-in., 40-in., and 20~-in. plugs). Thecool~-
ing tubes are isolated from the reactor by the stainless steel plug bottom plate,

providing double containment of the coolant.

Since the coolant is doubly contained, kerosene can be employed. A
limited-volume system has been installed, with a positive means for detecting
leakage. The nine circuits in the top shield (see Appendix A-6) are connected
to a small independent system composed of a surge tank, pump, strainer, heat
- exchanger, valves, and piping. Kerosene coolant circulates through the nine
circuits where it removes heat from the shielding and is then returned to the
surge tank. Kerosene flows from the tank through the strainer and into the suc-
tion side of the 3/4-hp canned rotor pump. From the pump the coolant passes
through the 82-1/2 ftz shellrand-tube heat exchanger where heat is transferred

to the large kerosene coolant system.

A small 12.5-gal surge tank is required to allow for coolant expansion
and provides a free surface for level detection. A gauge glass is provided on
the side of the tank for visual indication of level. A level alarm is mounted on
the tank to indicate a leakage of coolant. The level alarm is not temperature
compensating and, therefore, it is set at a level corresponding to 60°F. The

alarm will sound in the control room.

Jumper lines are provided to connect the limited~-volume top~shield

loop to the large organic-coolant system. Aquick disconnect is provided for

the coupling and the jumper is flexible. The jumper will normally be disconnect-
ed so that a possible valve leak cannot change the fixed volume of the top shield
loop. The jumper will be employed only in the event of a pump outage. The
thermal capacity of the top shield is large; consequently the rate of temperature
increase is slow (3°F/hr) if the service coolant is shut off. There is ample

_ time to make the temporary connection in the event of a pump outage before the

shield temperature would rise more than a few degrees.
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Operating parameters of the top shield cooling system are in Table IV.

TABLE IV
LIMITED-VOLUME KEROSENE SYSTEM PARAMETERS

Approx. Coolant Volume at 70°F (gal) 90

Design Flowrate (gpm) 20

Design Heat Load (Btu/hr) 41,320

Normal Coolant Temperature Range (°F) 70 (min.)
110 (max.)

Leakage at 70°F, before alarm (gal) 0.9

Leakage at 110°F, before alarm (gal) 3.2

Other cooling methods were evaluated for the top shield circuits.
Investigation of gas cooling demonstrated that with sufficient flow, nitrogen
entering at room temperature could meet the heat transfer requirements. How-
ever, the studies indicated that with the small size tubing cast in the plugs
(3/8-, 1/2-, 3/4~, and 1-in. sizes are used in various plugs) the system would
require an average pressure of 70 psi and a total flowrate of 1270 cfm with a
70 °F temperature increase. The blower power required exceeded 350 hp. The
high pumping power, bulky blower and heat rejection equipment, and the possi-
bility of a high-pressure gas leak in the top shield caused this alternative to be

discarded.

Water and NaK cooling was eliminated because of some aluminum
tubing in the circuits, mechanical couplings, and tubing braze materials in use.
Neither the materials of construction nor the method used for joining tubing were

suitable for NaK or water service.

6. Sodium Pumps

a. Introduction

Sodium circulating pumps were provided with three separate or-
ganic-cooled circuits. These circuits were the shaft freeze seal, the case
freeze seal, and the bearing housing. The pumps have been established as a
source of tetralin leakage into the sodium system.1 The two circuits whichhave
been found to be vulnerable are the shaft freeze seal and the bearing housing.
Because these components were a source of contamination to the sodium sys~-

tems, the units were modified and a new cooling fluid was used. Alternate
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methods were investigated to cool the pumps, and because of the relatively high
heat flux and limited space available within the pump casing, NaK was chosen

as the cooling medium.

b. Pump Modifications

The original pumps were supplied with a bearing housing of cast
iron. It was designed with a cooling annulus in which tetralin was circulated.
Cracking was observed under the bolt hole in the top of the housing on one of
the pumps. Because these housings were castings, they were treated with a
sealant in order to reduce the porosity of the material. Tetralin, being a sol-
vent, dissolved this sealant and increased the porosity to its original magnitude.
Although it has not been definitely established, the possibility of tetraiin seeping
through the body has existed.

New bearing housings have been fabricated from steel pipe and
plate in approximately the same configuration. The cooling annulus is composed
of two concentric pipes. These pipe sections are welded at each end to thick
steel plates. The plates have been machined in the center to form the bearing

surfaces. This configuration is illustrated in Figure 5.

Several designs of shaft freeze seal have been used at the SRE.
One of the original designs called for a thermocouple to go through the sealwall
and be terminated at the inside wall of the seal. During a previous modification,
the thermocouple hole was welded closed. These thermécouples were relocated
because the geometry of the seal and the fabrication led to a high stress con-
centration at the end of the thermocouple well. This part of the seal was exposed
to sodium and the rotating shaft. A tetralin leak occurred at the plugged end of
the thermocouple well when the weld failed. This failure was probably due to
friction, thermal stress, or a combination of these causes. This weakness in

the shaft seal has been eliminated with the latest design.

The new seal is of the single-region, coil type. It has greater
heat transfer area than the original annular type. In addition the coils are sep-
arated from the shaft by a 1/8-in. ~thick sleeve with holes drilled in a staggered
pattern to retainrigidity. This type of seal was used on the main primarypump

during the last power run with excellent results.
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c. NaK Cooling System

The NaK cooling system is described in the following paragraphs:
(1) Physical

Each of the four sodium pumps is serviced by a separate NaK
system. All four systems are identical. A typical process diagram can be

found in Figure 6. The system consists of the following main components:
a) Two expansion tanks
b) Two immersion pumps
c) Airblast heat exchanger with two motors
d) Sodium-pump shaft seal
e) Sodium-pump bearing housing
f) Sodium-pump case seal.

Sodium-pump components are, of course, located within the pump case. All

other components will be housed in a NaK panel located near the sodium pump.

Expansion tanks are made of standard-size pipe, cap, and
flanges. The motor is canned in a smaller vessel which is flanged at the top
for removal of the motor. The expansion tank is provided with a level probe,
helium supply, and vent outlet. The two tanks are provided with an interconnect-
ing level equalizing line., The discharge line of eacﬁ purhp is provided with a
check valve and a shutoff valve. The motor cans are also provided with a helium

supply and vent outlet.

The two NaK pumps are immersion-type, centrifugal pumps
driven by a 1-hp motor and will deliver 15 gpm against a 35-ft head. The shaft
is provided with a labyrinth ~type seal é.nd a slinger. The bearing grease has
been replaced with a high-temperature grease. Although the bearings were
sealed to preclude the possibility of having the grease flow out of the bearing
when the motor temperature increased, a more viscous grease was substituted.
There are two bearingé in the vertically mounted motor. There is no bearing

on the pump end of the common shaft.
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The heat exchanger is an air-cooled unit consisting of 30 ft of
finned tubing. It is cooled by a centrifugal blower delivering air at 2700 cfm,
The blower, delivering air vertically upward, is powered by one of the two_
3/4-hp motors. Each motor is connectedv to the blower through a centrifugal
clutch coupling. An air foil is installed in the air duct on top of the louvers to
provide a loss-of-airflow alarm., The louvers are provided with a manual oper -
ator handle which can be reached through the door on the left, central part of

the panel,

The shaft seal consists of three parallel coils of 5/16-in. tubing

wrapped approximately three turns around the seal sleeve. There is no e,c,‘?,‘e?fl%‘?.": i

channel in the top flange. The bearing housing(described previously)is supplied

with an inlet on the bottom ag‘giy,ak.nwoutlyet on the top. The case seal is the same
as used previously. The original lines to the seal have been removed, and

stainless steel lines have been installed,

There are two lines feeding cool NaK to the sodium pump. One
line goes to the case seal and one line through the pump floor plate to the bear-
ing housing and shaft seal. A reducer is placed just above the shaft seal. From
this, three parallel tubes go through the top flange and are expanded into a single
line again. The outlet fr_omvthe bearing housing is an individual return., In the
secondary ,areab the case seakl lines go di‘re«ctly. to the conn,e:ction,g on the pump
case. In the primary system they goﬂk through seal boxes in the high bay floor to
the pump case. The outlet lines from the shef’f seal bearmg housing, and case
seal are all individual returns, These lines are flanged just outsuie the NaK
panel. Inside the panel there is a valve in each line. After passing through the
valve the three lines join into a single feed line to the expansion tanks. From
the expansion tanks the NaK is pumped through the heat exchanger to the seals.

A fill-and-drain line is located in the lower sect1on of the NaK panel The 11ne

drains from two locations: the bottom of the expansmn tanks and frorn the 11ne ‘
just downstream of the heat exchanger. A valve is placed in this line to prevent

bypassing.

(2) Electrical

All four motors of each system are fed from the 440-volt emer-

~gency bus. Individual starters and breakers for each motor are mounted inan
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enclosure within their respective panels. This enclosure is mounted behind a
hinged door in the lower righthand corner of the panel. There is one main

breaker in the electrical equipment room to feed each NaK system.

On the instrument board two lights are mounted which, when
lighted, will indicate that the 480 -volt motor power and the 120-volt instrument
power are on. These lights are just below the Panalarm unit on the top of the

instrument board.

On the lower part of the instrument board are three selector
switches. The left switch is a three-position switch to control the two blower
motors. The central position is the "OFF'" position for both motors. The
middle switch is the NaK pump "OFF' and "ON" switch. The right switch se-

lects either of the two pumps as the lead running pump.

(3) Instrumentation

Instrumentation on the system consists of thermocouples, flow -
meters, low-flow alarms, pressure indicators, low-level alarm, hightemperature

alarm, and a pressure switch.

Four alarms will be displayed on the control room anminciator,
one for each pump cooling systerm. Each alarm indicates an abnormal condition
on one of the NaK loops. The particular abnormality will be indicated on the
individual NaK system panel. A Panalarm unit on each NaK panel will indicate

the following abnormalities:
a) Low NaK flow
b) Low air flow
¢) Low NaK level
d) Standby pump running,

The instrument board can be seen on the NaK panel in Figure 7. The sodium

pumps have the following number of thermocouples:

a) Shaft seal 4
b) Case seal 3
c) Bearing housing 2.
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NaK Panel, Pump Coolant System

Figure 7.
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A selected thermocouple on each ofthe freeze seals is recorded

in the control room and is provided with a high-temperature alarm.

A flowmeter is located in each of the three return lines from
the sodium pump. These are connected to individual flow indicators mounted

on the instrument board.

The system is provided with a pressure switch mounted on the
discharge side of the NaK pumps. Automatic switchover from one pump to the
other is provided by this switch when the running pump fails. An alarm will

sound in the control room if a switchover takes place.

Should the flow of air across the heat exchanger diminish for
any reason, an alarm will sound. It is necessary manually to switch over tothe

other blower motor.

Helium atmosphere is supplied from a new helium station with
regulating and relief valves, A pressure indicator is mounted on the NaK panel

for convenience of observation.

The primary pump NaK system, main and auxiliary, will each
contain a total of 145 1b of NaK. Should a failure occur in such a way as toallow
the entire volume of any one of the NaK systems to pass into the sodium system,
it would add 2200 ppm potassium to the sodium. The amount of potassium would
increase the absorption cross section of the sodium by only 0.37% which will

have a very slight effect on reactivity.

The NaK systems are pressurized with helium to 3.5 psig. This
pressure, plus the static head pressure of 4.5 psi, gives a total pressure on the
seal of the main pumps of 8 psi. Results of a series of tests run on the main
pump to determine seal pressure as a function of discharge pressure, show that
the maximum pressure on the bottom of the shaft seal will be 7.5 psi. This
pressure differential will prevent sodium from entering the NaK loop in case of

a failure of the shaft seal tubes.

The case freeze seal is so located on the pump case that the
level of frozen sodium is below the level of the cooling annulus. Should the
case wall, which is 1/2 in. thick at the seal section, fail, the frozen sodium

itself will act as a plug to prevent sodium from entering the NaK-system.
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Should a failure occur in the tubing within the sodium pump case,
it will allow NaK to pour into the pump case. It will be possible to remove this
through a pumpout tube extending the length of the pump into the bottom of the
bucket. This line is valved off outside the top plate of the pump.

During the last reactor power run, an experimental NaK system
similar to that described herein, was used on the main primary pump shaft

freeze seal with excellent results.

7. Materials Evaluation Facility

This facility was provided to obtain sodium samples and to expose
metallic samples to the hot and cold leg sodium in the primary system. The
freeze seal was tetralin cooled and would have required modification. There
were operational problems. For example, it was possible to get gas leakage
into the suction of the main primary pump if an improper seal had been cast
in the thimble freeze seals. The gas leakage caused flow variations. To
provide simplification of the main heat transfer system, it was decided to re-

move the materials evaluation facility.

It will be replaced with two separate components. An in-core so~
dium sampler will provide a means of obtaining a sample of primary sodium
while the reactor is operating. A materials exposure facility also will be
provided within the reactor to expose metal samples to primary sodium for

chemical and metallographic tests.

a. Core Sodium Sampler

The core sodium sampler consists of a 3/4-in. -diameter by 12-in.
cup (75-mf capacity) attached to a shaft. The cup, shaft, as seals, and shield
cylinders are mounted in a plug located in the top shield of the reactor. Fig-
ure 8 shows the device both in the sampling and in the decay position. The cup

will be held in the top shield for 10 days to permit the decay of Na24. Figure 9

shows the cup being pulled by the extension rod into a lock for removal from the

reactor face.
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b. Materials Exposure Apparatus

The materials exposure apparatus will also utilize plugs in the
reactor top shield. A basket suspended below one plug will hold up to forty
1/2-in., by 2-1/2-in. samples. These long-term-exposure samples will be
removed only when the reactor is shut down., Two carburization specimens
will be suspended below another plug, with provision for removal while

the reactor is operating. This unit will be similar to the core sodium sampler.
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A. MODERATOR COOLANT EDUCTOR

Normal cooling for moderator cans in the SRE is through a bypass line which
provides approximately 10% of full reactor flow to the moderator coolant plenum.
The flow diagram (Figure 10) shows schematically the main loop flow and the

moderator coolant flow. In the past, there had been enough leakage through the

HEAT EXCHANGER

POMP
MODERATOR

COOLANT FLDW.\ 3in. THROTTLE VAVE
6 in. X <
BLOCK
VALE i BYPASS VALVE

6 in. BLOCK -
VALVE EDUCTOR

MAIN COOLANT
FLOW

REACTOR

Figure 10. Simplified Flow Diagram,
Main Primary Sodium System

grid plate to more than satisfy the cooling requirements of the moderator cans.
In order to remove the excess coolant, an electromagnetic pump was installed in
the bypass line to pump sodium from the moderator plenum back into the reactor
inlet line. This pump operated satisfactorily during several power runs but
ultimately developed a sodium leak in one of the throat sections. A design study
was undertaken to determine if an eductor, or jet pump, could be used to satisfy

this pumping requirement.

A 6-in. eductor was designed in accordance with standard practice.
Construction is simple, with no moving parts and no electrical connections. A
cross section is shown on Figure 11. Except for the diffuser, it was made from
standard-size pipe and reducers. The diffuser section was machined from bar
stock. In order to minimize pressure drop through the nozzle and diffuser
section, the inside surface was polished. Standard 6-in. and 8-in. pipes made
up the suction end. These are welded to standard reducers to form into the

£ 3V throat section.
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The eductor was installed in a water test loop. Table V compares the design
requirements to actual capability of the eductor as determined in the test. Test

conditions were 1450 gpm driving flow thrdugh the eductor at a discharge pres-

sure of 8 psi.

TABLE V

EDUCTOR REQUIREMENTS AND PERFORMANCE

Design Actual
Requirements Capability
Suction Flow (gpm) 100 160
Suction-Line Pressure
Drop (psi) 2 5.7
Eductor Pressure Drop
(psi) 10 6.5

Figure 12 is .a plot of pressure drop across the eductor versus drive flow
at zero suction flow, and a plot of pressure drop and suction flow versus drive
flow for a typical test run. These curves show the increased pressure differ-
ential and resulting suction flow with increased driving flow. All test data have

been converted to the equivalent for sodium flow.
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Figure 12. Eductor Test Results

In the water test it was not possible to simulate exactly the conditions
which are expected in the reactor system because of high pressure losses in
eductor suction and discharge lines. However, from a review of test data and
estimates of the pressure characteristics of the reactor piping, it was possible
to predict performance of the eductor in reactor service. Predicted flow and
pressure characteristics are shown in Figure 13. Actual flow is seen to be well

in excess of the design requirement. Further testing will be performed in the

39



reactor system in order to verify its capabilities, and to determine the flow

characteristics more accurately under actual reactor conditions.
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Figure 13. Predicted Eductor Hydraulics

The eductor installation will be superior to the electromagnetic-pump
installation primarily because of its simplicity. Tests have indicated that the
eductor is quite stable and free from vibration, and that its performance exceeds
reactor flow requirements. Since the eductor is driven by the reactor coolant
stream, the eductor suction flow will cease automatically when the main pump
is stopped. An eductor bypass line has been installed to permit flow into the

moderator plenum if this becomes necessary.
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'B. MAIN SECONDARY BYPASS

This modification will permit isothermal circulation in the system without

activating a steam generator. It will also allow circulation at higher temper-

atures (to 700°F) than is feasible through the steam generator; the temperature
range in which reactor physics isothermal tests can be made will be increased.
During these tests, reactor temperatures will be held constant when the bypass
line is used. Sodium temperatures were sensitive to ambient air temperature.

changes when main airblast heat exchanger was used.

A 2-in. line had been installed connecting the steam generator inlet and
outlet lines. There is a valve in the line, and a freez.e trap at the high point.
This line (No. 215) is shown on the secondary sodium system P & I diagram
(Appendix A-2).

Operation of the bypass line will be limited by the maximum permissible
pressure difference across the intermediate-heat-exchanger tube sheet, (50 psi).
When the primary side of the exchanger is empty, 50 psig is the maximum
allowable pressure in the. shell of the exchanger. An operational limit of 1200
rpm on the main secondary pump will insure that this pressure is not exceeded.
At this pump speed, calculated flow through the bypass loop will be 365 gpm.
Figure 14 is a pressure loss~flow curve for the bypass system. Adherence to

the 1200-rpm limitation will insure that the intermediate-heat-exchanger tube-

sheet maximum differential pressure will not be exceeded even if a block valve =

in the system is closed.

When the steam generator is in service, the bypass line will be frozen. The
frozen sodium plug will back up the valve and insure that there will be no leakage
through the line. When there is a temperature gradient on the system, any
leakage in the line would lead to excessive thermal stresses in the Weldolet at
the junction of the bypass line and the steam generator sodium outlet line.

Maximum temperature in bypass line is 700°F.

C. FREEZE TRAP

The function of a freeze trap is to prevent the entry of sodium into gas lines.
The original SRE freeze traps consist of a 1/4-in. stainless steel tubing coil

imbedded in a toroidal aluminum casting. Past operational experience with this
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type has been unsatisfactory. The mass of aluminum must be heated to approxi-

mately 250°F to permit displacement of the sodium out of the trap by helium
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Figure 15. Tubular Freeze
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prior to venting a component or pipe. The free-
convection cooling rate of the mass of aluminum to
the 150°F gallery ambient atmosphere is slow,
causing delays when a component of the system is to
be filled. The existing temperature instrumentation
on the pipe nozzles of the freeze trap is inadequate.
Only thermocouple wells adjacent to the tubing in the
casting give a satisfactory temperature response,
and these require a new casting. The new freeze
trap is shown on Figure 15. It consists of a 24-in.
length of 1-in. -diameter, finned tubing containing
an electric resistance heater in an inner tube. The
heater element can be easily replaced. Sodium is

frozen in the 0.055~in. annulus. Since thermal




capacity of the trap is small, thawing time is less than 1 min. After thawing,
the trap will cool rapidly by natural convection and be ready for use in a few
minutes. This trap has been installed on the new components, and the old traps

will be replaced as plant schedule permits.

The gas and vent piping serving one of the new freeze traps is outlined on
the Gas Services P & I Diagram (Appendix A-4), at the right edge of the diagram.
A common pressure control station (PC 434) serves three freeze traps. Only
one pipe goes .into the gallery to serve a particular trap. All gas valves are

located outside the vaults where they will be accessible for maintenance.

When the reactor is operating, sodium is frozen in the freeze traps. This
freeze seal blocks passage of radioactive gas out to the unshielded vent header.
While it is unlikely, one can conceive of a situation where radioactive gas could
enter the vent piping just after a reactor shutdown. The radiation level in the
vent header after such anoccurrencehas been calculated, based on measured
activity in the reactor cover gas on August 1, 1959, and extrapolated back to the
time of fuel element damage to include short-lived isotopes. The radiation level

3 ft from the vent header would be 0.5 to 1 r/hr. A radiation detector will be

mounted next to the vent header with an alarm in the control room to inform the

operators if such an event should occur. .

D. DIFFUSION COLD TRAP

The original cold trap in the auxiliary secondary system (capacity: 50 gal)
was a bulb on the bottom of the expansion tank. This trap was never effective in
removing oxide from the sodium. The reason for this poor performance is

not known, but may have been due to one or more of the following:
1) Small length-to-diameter ratio (1:3)
2) Large diameter connection to tank (4 in.)
3) Flow paths in the tank and trap.

The trap was tetralin cooled. Because of its poor performance, it was decided
to deactivate the tetralin coil (disconnect, clean, leave uncapped) and discountinue

use of the trap.
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The new trap is of simple design, one which has proven its effectiveness in
the component development program. It consists of a 2-ft length of 2-in. pipe
vertically mounted below a tee in the system (see the Secondary Sodium System
P & I Diagram, Appendix A-2). The pipe is not insulated; the trap is air cooled
by natural convection. The design method utilized heat transfer equations
developed for a finite fin, withinsulated end. This method has also been used

for valve freeze seal design.ll

The trap was designed to have a temperature of 250°F at the bottom of the
trap with 500°F sodium flowing through the tee. The 250°F temperature will
hold the oxygen concentration of the system at 5-1/2 ppm.
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V. FUEL WASHING SYSTEM

A. WASH-CELL EXPERIENCE

In the past, the method used to remove sodium from the SRE core compo-

nents consisted of the insertion of the component in the wash cell, purging the

cell with inert gas and flooding the cell with water admitted at the bottom. The

water reacted with the sodium on contact, and the gaseous products of the reac-
tion were vented directly to the radioactive vent system. The water was subse-
quently drained after a 5-min soak period and the component dried by vacuum
techniques. The method just described was successfully used many times. How-
ever, in October 1958, when considerable fuel washing was being done to remove
foreign deposits, which were believed to be causing high fuel-channel-exit tem-

peratures, one of the washed elements was observed in the hot cell to have been

severely damaged during the washing process. An investigation into fuel washing

was initiated. In the following months several more elements were damaged.’

Experiments were planned uéing a fully instrumented SRE wash cell, but on
June 4, 1959, during a routine fuel washing, a pressure surge occurred in this
cell which severely damaged the fuel element and ejected the shield plug from the

cell. This event precluded the use of this cell as a test facility. An experi-

mental wash cell was obtained and instrumented trkoyc,‘a,rrky out the required tests.
B. FUEL WASHING EXPERIMENT

The objectives of this experiment were to obtain information concerning the
destructive mechanism responsible for the fuel element damage and to obtain

information necessary to design an improved fuel washing system.

1. Hydrogen-Oxygen Recombination v’I_',,h‘go;;'y

Hydrogen -oxygeh recombination in the wash cell was thought to be the
cause of the June 4, 1959, pressure surge. Because hydrogen gas is in abun-
dance in the immediate sodium-water reaction zone, the possible sources of
oxygen were investigated. Purging effectiveness tests were conducted along
with tests using deaerated water at diffg;g:“ntk, te;gperatures. No noticeable effects
resulted when sodium charge (30 to 60 gpm), water temperature, and cell pres-
sure were varied. The results here, coupled with available energy calcula-

tions from the HZV—OZ reéction,17 did not present an explanation of the June 4,

1959, pressure surge.
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2. Possibility of Sodium in Holddown Tube

Concurrently with the above tests an examination was made of the SRE
holddown tube involved in the June 4, 1959, washing event. Inspection of the |
holddown tubeié lower section (Figure 16), indicated the pos sibility that sodium
may have been "trapped' in the tube. This holddown tube was cut open, exam-
ined, and sodium residues found. In the worst case, it was calculated that 8 1b
of sodium could possibly‘b‘e retained in the tube. A much larger quantity of
sodium than heretofore thought possible entered the wash cell. Recent observa-
tions of other unwashed core components have shown the drain holes to be com-
pletely plugged in the lower section of the holddown tube. The potential danger of
washing such an element is augmented by the ""trapped" sodium being forced to
submerge in the rising wash water. Normally, sodium in small gram-size

chunks will melt quickly upon being placed in water and, while floating upon the

PARTIALLY
PLUGGED
DRAIN HOLES

Figure 16. Fuel Element Holddown Tube
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water, reacts noiselessly. It is when "t'h,e,’,s:odilikrhfi,s,,yhj_f,o‘i;c‘;q;e;d;hundéi‘} the water that
audible reports are heard.17v Geometry of the holddown tube is such that a jet
propulsive force, acting along the axis of the tube, can be produced by the es-

caping gases resulting from the sodium water reaction.

3. Water Washing

As a result of the above observations, additional tests using water were
carried out. This series of tests was conducted using various amounts of so-
dium (90 to 110 gm) in severé.l—size chunks placed in a modified test rig designed
and constructed to duplicate the conditions of ''trapped" sodium in the holddown
tube. Thé highest pressure surge detected at a point under water, 18 in. from
the reaction zone, was 690 psi with a rise-time of less than 1/4 msec. Figure
17 is a typical pressure-time trace as detected by a piezoelectric crystal and
produced for viewing and recording by an oséiiloscope. The oscilloscope sweep
was triggered by the first voltage impulse from the pressure detector. FEach
test was preceded with the normal purging precautions and conducted with the
cell held at 10 in. Hgvacuum. A total of nine shortened dummy fuel rods was
positioned during these tests below the test rig so as to be under water and sub-
jected to the pressure surges when they occurred. All nine of these tubes were
collapsed in their void sections, some more severely than others. Figure 18
shows eight of these collapsed tubes. Tubes numbered 1 and 6 in this photo-
graph were empty when collapsed; the others were partially filled with water to
various heights to simulate the NaK bond. The tubes shown are replicas of SRE
fuel cladding, fabricated from 304 stainless steel tubing, 0.790-in. diameter
and 0.010-in. wall thickness. Calculations indicate that tubes of this type may
collapse under external static pressures between 100 and 110 psig, depending
upon their ovality, Actual collapsing pressures obtained by tests were found to

be between 90 and 105 psig.

The shield plug used in the tests above was always prevented from being
ejected from the wash cell by a cover plate and C-clamps; however, this pre-
caution proved inadequate during the last water wash test in which the modified
test rig, mentioned above, was used. During this test part of the shield plug
restraining mechanism failed. Four 1/4-in. threaded bolts parted in tension
indicating an upward force of approximately 10,000 1b, if all were equally

loaded. Insufficient information concerning this phenomenon has prevented a
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rigorous mathematical analysis of the forces involved, but on the basis ofthese
observations, it is believed that this is the mechanism responsible for the wash-
cell pressure surge of June 4, 1959, and gives sufficient reason for a redesign

of the SRE holddown tube.

4, Steam as a Cleaning Medium

Following the tests above, the use of steam as a cleaning medium was
investigated. The first tests with steam proved very promising in that large
quantities of sodium (125 to 200 gm) could be disposed of without the usual audi-
ble reports associated with water washing. The results of these tests have
shown that the sodium-water reaction rate can be controlled by the quality of
the cleaning steam. As an example: when 80 psig steam was throttled to cell
pressure and with little cell preheating, the reaction time was approximately
25 sec for 145 gm of sodium. When the cell and steam piping were preheated
prior to the test to improve the steam's quality, the reaction time was extended
to around 80 sec for the same amount of sodium. The above information was
obtained by a specially constructed test rig. This rig consisted of a shortened
dummy fuel rod equipped with thermocouples both inside and out and having a
wire basket surrounding it for the purpose of containing the sodium near thetube

and thermocouples.

These tests also indicated that the fuel element parts, etc., that are in

b
the immediate vicinity of the reaction zone, will not be damaged by overheating.
This is one of the main concefns if steam is used. In the example given above,
the maximum temperature recorded by the thermocouple placed in contact with
the fuel rod cladding was 1158°F for the 25-sec reaction time. In the other test
(80-sec reaction time), a maximum temperature of 497°F was recorded by a

thermocouple placed in contact with the interior cladding surface.

Obvservations after washing a sodium-covered test element indicate that
a water rinse will be needed subsequent to the steam cleaning process to remove
the NaOH film that remains, When steam is used, a white smoke, Na.ZO, was ob-

served leaving the vent to the atmosphere,
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C. MODIFIED WASHING SYSTEM

From the information gained in the above tests and past operating experience,
the decision was made to modify the SRE fuel washing system. The major changes
are: 1) wash-cell redesign to utilize steam in the quantity and quality required

for cleaning; 2) wash-cell vent system changes incorporating hydrogen gas re-

moval units andmeans for cooling and recirculating inert gas. '['wo factors dictated
elimination of the hydrogén gas producedinthe HZO-Na reaction. They are: l)hydro-
gengas candetonate and burn when mixed with oxygenor air inthe right proportions;
2)the SRE has a radioactive vent system into which effluent gases fromthe washing

operationare dischargedand in which air in-leakage is frequent and unavoidable.

A flow diagram (Figure 19) indicates the relative positions of the equipment
comprising the modification. Figure 20 is a sketch of the modified wash cell.
The function of each component may be best described by briefly following a

hypothetical flow.

Steam from a small generator is admitted to the bottom of the heated wash
cell where it rises, enveloping the sodium-covered fuel element. Concurrently,
a recirculating gas (helium) enters the wash cell at the bottom and in flowing,
with the steam, upward and around the fuel element, removes a portion of the
afterglow heat given off by the fuel element. The helium and the products of the
sodium -steam reaction, hydrogen and sodium hydroxide, pass from the wash
cell into a baffle box where the sodium hydroxide, and any other possible radio-
active particulate matter, is filtered out by suitable demisters. Later this
residue is flushed back to the radioactive liquid waste with water. The remain-
ing hydrogen and helium and some unreacted steam continues on into the hydro-
gen oxidizer which contains hot (575 to 620°F) copper oxide. The hydrogen
combines with the oxygen (from the reduction of the copper oxide) in a controlled
reaction to form steam at this temperature. The steam and helium, now at a
higher temperature, enter the vacuum control tank where a water spray con-

denses the stearmn and cools the helium gas.

This tank with its associated fittings alsoprovides a control over the degree
of vacuum produced by the vacuum pump. The helium gas and water are pulled
from the vacuum control tank by the vacuum pump and discharged into a com-

préssion water reservoir where a water-gas separation occurs. The helium gas
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Figure 19. Flow Diagram of Modified Fuel Washing System

can be discharged into the wash cell to repeat the cycle or it can be discharged
to the radioactive vent system. The water in the compression water reservoir

is cooled and pumped again to the vacuum control tank to complete its cycle.

The fabricationand assembly of the vent system process unit was completed
April 18, 1960, and a completely new wash cell was finished April 25, 1960. Instal-
lation of this equipment and control instrumentation in the SRE was completed May 10,
1960. Operational checkouts followed, On May 16, 1960, core component washings
commenced., The componentshad not been wé.shed since being removed from the core
and were coated with sodium. Visual observations of the components washed indicated
that all the sodium had been removed. This series of initial washings has shown the

system to be a definite improvement and a safe way to clean SRE core components.
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VI. INSTRUMENTATION

A. DIAGNOSTIC INSTRUMENTATION

1. Fission Product Monitor

The analysis of gas samples taken after power run 14 indicated a large
increase in the quantity of Xel33 present in the reactor cover gas. Sampling
techniques were developed, using filters, which demonstrated the feasibility of

gas sampling during power operation.

In order to speed the detection of fuel cladding failures, a continuous

gas sampling device has been designed for use on the SRE.

A scintillation spectrometer will be employed for detecting fission
products in the SRE reactor cover gas. Referring to Figure 21 a continuous
flow of reactor cover gas is circulated through a sodium vapor trap, filter,
and lead shielded chamber which contains a scintillation detector. A flowmeter
with a range of 0.15 to 1.5 scfm is employed to measure the reactor cover gas
flowrate. The normal flowrate will be about 0.3 scfm. Analarmis providedto give
a warning in the event of a loss of gas flow. An analysis of the reactor vapor
trap indicates that the transfer of sodium vapor should not exceed a few
hundredths of a gram per year with continuous operation. The filter will assure

that no sodium particles will circulate through the lead shielded chamber.

The scintillation spectrometer consists of the scintillation detector,
linear amplifiers, differential analyzer, log-count-rate meter, and log-count-
rate recorder. The differential analyzer will breject unwanted energy levels
from radioactive particles or noise and pa’s‘s only those energies that are
preselected by adjustment of the pulse height discriminator and window width -
which will be adjusted for the Xe133 0.081-Mev y energy level. A fuel element
rupture will be detected by a rapid increase in the quantity of Xe133 in the -

33 : . .
reactor cover gas. When the Xe exceeds a predetermined amount, a signal

will be provided for the annunciator alarm system.

Purge lines are provided so thatthe instrumentation can be calibratedwitha

sample of Xe ! 33. A calibration will be performedapproximately everytwo months

to compensate for any drift that may occur inthe instrumentation. Sample connections -

ot

are available sothata more detailedanalysis can be conducted whennecessary.
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The fission-product monitoring system has not yet been tested. Its
design is based on data obtained from batch sampling of the reactor cover gas.
The effect of the short-lived gaseous isotopes cannot be accurately predicted.

The system is theoretically sound but will require some developmental effort.

In conjunction with the piping installation for the xenon detector, the
reactor and primary-fill-tank vent lines were modified to permit independent
venting of either vessel. Relief valves in these vent lines are now backed with

rupture discs to prevent helium leakage into the vent system. .

2. Reactor Transient Monitor

The SRE transient monitor is a high-speed data system for measuring
selected parameters during off-normal conditions. This type of instrumentation
is required to facilitate a better evaluation of the behavior of the reactor and
heat transfer systems during unprogrammed conditions. When activated, each
channel will be recorded continuously at a fast tape speed to permit an analysis
of the time relationship of the various signals. The existing SRE strip chart
recorders were designed to serve only as operational guides, and do not have
adequate time response for measuring transient conditions. The following
reactor parameters will be recorded: (a) neutroh flux; (b) reactor period;

(c) fuel channel temperature; (d) in-fuel temperature; (e) moderator tempera-

ture; (f) primary flow; (g) secondary flow.

The reactor transient monitor employs a continuous loop and reel-to-
reel magnetic tape recorder. Seven channels for recording are provided
(Figure 22).

The frequency modulation technique is employed to record signals
with a frequency below thirty cycles per second. The amplitude of the infor-
mation signals modulates an FM carrier. The signals from the FM record

amplifiers drive the seven-~track record head.
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Three heads are provided for the continuous-loop magnetic tape recorder;
(2) record head; (b) reproduce head; (c) erase head. The signal information that
is recorded on the tape travels the full distance of the loop before contact is

made with the reproduce head and erase head.

The record head and erase head are in continual operation at all times,
except for maintenance of equipment or replacement of a worn tape loop. At
the instant of a scram or abnormal operation, the FM reproduce head and
amplifiers are energized, and the information on the continuous-loop tape

recorder is transferred to the reel-to-reel tape recorder.

The reel tape recorder will provide 8 min of memory for the data re-
corded on the continuous-tape loop prior to the reactor scram. Up to 4 hours
of recorded data can be stored on the tape reels after recorder activation. A
programming switch shuts the reel tape recorder off after a preselected time
following a reactor scram. A push-button switch on the SRE control console
will start the reel tape recorder; therefore, abnormal reactor behavior that
does not initiate a reactor scram can be recorded and stored on the reel-to-reel

tape recorder.

The signal information on the reel-to-reel tape recorder is stored until

a convenient period for transcribing on a seven-channel oscillograph recorder.
All the signals will be reproduced on one oscillograph chart. Therefore, an

excellent correlation of the time relationship between the measured reactor
parameters will be made available. Transient data with a duration of milli-

seconds can be reproduced on several inches of oscillograph chart paper.

Signal information cannot be recorded on the reel tape and reproduced
on the oscillograph at the same time; to economize on equipment and eliminate
the necessity of a duplicate channel of FM reproduce amplifiers, the same

amplifiers are employed for both applications.

Other applications for the magnetic-tape-recorder equipment, besides

being employed as a reactor transient monitor, are listed below:

a) The magnetic-tape instrumentation will provide data which will

differentiate between a spurious reactor scram and a scram
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which is caused by abnormal reactor behavior. This will assist
the reactor operator in determining that conditions in the reactor
and heat transfer system are normal and the reactor can be re-

turned to power operations

b) The data from the magnetic tape can be fed into IBM computers

for anélytiéal studies.

‘c) The magnetic tape instrumentation can be employed for physics
studies. This includes power spectral density analysis studies and

autocorrelation function studies.

3. Reactor Temperature Measurements

Two spécial recorders have been added to the reactor temperature
measuring instruments for recording thermocouples that are installed in the
fuel, and thermocouples that are installed in the special tubing which serves as

wire wrap to separate the fuel rods (see Section VII).

Standard multipoint strip chart recorders have been field modified to
provide dual chart and print speeds. During normal reactor operations the
chart motion is set at a standard speed of 2 in. /hr. At the instant of a reactor
scram, setback, high in-fuel temperature alarm, or high fuel channel outlet
temperature alarm, the chart speed and print out speed are increased by a
factor of 10. This improves the resolution of the temperature measurement, so

that no information is lost during fast temperature changes between print cycles.

The instrumentation will facilitate a better evaluation of the in-fuel
temperature measurements. Figure 23 gives elevations of the in-fuel and wrap-
around thermocouples, and Figure 24 gives the location of the special thermo-

couples in the reactor core lattice.

By measuring the two in-fuel thermocouples, the wrap-around thermo-
couple, and the fuel channel outlet thermocouple in sequence on the same chart

paper, an excellent historical record can be made for each special fuel element.

Improvements of thehardware for the reactor temperature measure-

ments are the location of the fuel channel outlet thermocouples, and the selec-

tion of improved thermocouple materials. These thermocouples are mounted
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Figure 24. Fuel Thermocouple Location, Second Core Loading

in the sodium stream just above the fuel-rod holddown guide. This new

location provides more confidence in the channel e

temperature particularly
at low flowrates. The fuel outlet thermocouples have welded tips which are

located in the sodium stream. They are shown on Figure 25, a photograph of

the fuel channel outlet thermocouple installation on the thorium-uranium fuel ele-

ment assembly. This will provide a time constant of less than 3 sec for all fuel
“"éxit thermocouples.

61




79

ORIFICE PLATE

Figure 25. Fuel Channel Outlet Thermocouple Installation



The manufacturing and testing of stainless steel clad kMgO thermocouples
has improved since the first SRE coreloading. The thermocouples for the-
thorium-uranium fuel loading have been thoroughly tested for leaks that could

cause sodium penetration through the cladding materials.

A thermocouple interconnect panel with receptacles has been installed
for all thermocouples that are routed through the loading face shield. This
includes in-fuel, wrap around, fuel channel outlet, and other experimental
thermocouples. Thermocouple plugs have been installed for all the readout
instrumentation. This includes: (a) fuel outlet temperature recorders; (b) in-
fuel temperature recorders; (c) plant protective system; (d) convection flow
control system; (e) SRE-Edison plant control system; (f) reactor transient

monitor; (g) expanded-scale recorder; (h) experimental instrumentation.

The thermocouple panel will facilitate a better coordination of the
temperature measurements associated with the reactor core. It will also
eliminate the problem of damaging thermocouple runs in floor boxes while

attempting to change thermocouples during reactor operation.

The thermocouple panel will be under the direction of the SRE Operations
Supervisor. The door to the panel will be locked, and no thermocouple plug will
be changed unless authorized by the Operations Supervisor or his designated
alternate. The patch panel is a very flexible system and will allow switching

thermocouple from slow response instruments to fast response instruments.

4, Operations Event Recorder

Three 20-pen recording devices have been installed to monitor the
operation of the reactor control and alarm systems. These recorders make
available a 60-channel record that will indicate when any one of the 60 functions
being monitoi‘ed is being performed. The recorders will record control and
alarm signals with durations of 50 msec and greater. The recorders have
synchronous chart drives and the charts simultaneously time marked by the
operation of a push button switch. The recorders are the on-off type and there-
fore measure only the time duration of the events being monitored and not the

magnitude.
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The following circuits will be monitored:

10 Reactor scram circuits

9 Reactor scram circuit bypasses

3 Reactor setback circuits

3 Reactor setback circuit bypasses

9 Plant protective system alarms

4 Safety-rod-in drive circuits

4 Safety-rod-out drive circuits

4 Control-rod-in slow drive circuits
4 Control-rod-out slow drive circuits
2 Control-rod-in fast drive circuits
2. Control-rod-out fast drive circuits
2 Types of automatic control (temperature or flux)

4 Control circuit interlock bypasses.

The 60-channel record provided by the recorders will aid considerably in
the analysis of the reactor conditions and the operation of the reactor control
circuits. They will provide the analytical unit with a means of determining
exactly what operation was being performed at any given time. This information
can then be compared with other reactor data to determine the temperature,
power, or other reactor changes that were caused by the particular manip-

ulations that were being made.

B. CONTROL INSTRUMENTATION

1. Neutron Flux/Power Deviation Circuit

The plant protective systems that have been employed in the first
experimental nuclear power reactors are an outgrowth of the technology that
was developed for the early research and material testing reactors. The scram
shutdown interlocks, reactor period, neutron flux, high temperatures, loss of
coolant flow, etc. are employed in the plant protective systems. These shut-
down interlocks protect the reactor complex against an incident and excessive

power excursions.

Nuclear power plants that operate with large temperature gradients

across the reactor, and elevated reactor outlet temperatures, are subject to
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thermal stresses if thermal cycling caused by large temperature variations

occur while operating in the power region.

The neutron flux/power deviation limit circuit provides a floating set-
point for neutron flux in the SRE plant protective system. This circuit will be a
supplement for the existing scram shutdown interlocks, and will improve the
plant protective system during low-power operatiyon.s‘. ~The function of the
neutron flux/power deviation limit circuit in the SRE plant protective system
is to prevent a large mismatch between heat generation rate and heat removal

rate which could cause wide temperature variations and large thermal stresses.

The neutron flux and power measurements that have been recorded on the
SRE instruments during power operations have been directly proportional over

the entire range from 10 to 100% of full power.

Neutron flux is compared with thermal power (Figure 26). A deviation
between flux and power represents an abnormal condition and provides a trip

signal for the plant protective system.

This instrumentation is a unique design that employs transistor and
semiconductor circuitry. The thermal power measurement is provided by
multiplying the reactor delta T by the primary flow measurement across a
voltage divider network. The neutron flux signal is provided by an ionization
chamber and nuclear measuring circuit that are isolated from the other SRE

nuclear instruments.

The neutron flux/power comparator circuit employs ac transistorized
electronic relays that are free of the inherent drift associated with dc circuits.
In the elementary schematic diagram of Figure 26, the neutron flux measure-
ment (R1) is compared with setpoint adjus‘tment‘ (R2) in an ac bridge circuit.

The thermal power measurement (R3) is added to the difference voltage between
R1 and R2. At any instant when the phase of the voltage across the input to the
circuit is reversed, the electronic relay is actuated, and a signal is provided
for the plant protective system. This circuit provides a floating setpoint for
neutron flux. It requires five electronic circuits to obtain the scram, setback,

and alarm conditions that are shown in the graph in Figure 26.
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R4 is the adjustment for the trailing edge of the trip level and determines

the percent of deviation between flux and power before a trip signal is provided

" for the plant protective system. Sl adjusts the linearity of the circuit. R2 is the

adjustment for the leading edge of the trip level, and is a fixed setpoint, which
determines the power level that the neutron flux/power deviation limit becomes
operative. Instability of sodium flow indication at low flowrates, improper

mixing in the upper sodium plenum, and neutron statistical noise from the ion~-
ization chambers cause induced noise during lower power operation; therefore,

R2 will be adjusted between 10 to 25% power.

By providing an adjustable rate limit on the reactor outlet temperature
measuring circuit the time constant of the thermal power measurement can be
delayed. This will provide protection against neutron flux transients of a longer
duration than the time constant of the upper plenum, yet having sufficient
magnitude to introduce thermal problems in the reactor complex. The adjust-
ment of the rate limit circuit will be determined by the maximum rate of tem-

perature change permissible in the reactor core.
Circuit specifications are:

a) Linearity: 0.1% of full-power range.

Refers to the percent deviation of the trip point between flux and
power over the entire thermal power range.

b) Circuit drift or repeatability: 0.5% of fuli—power range, over a
6-month period. This refers to drift in the deviation circuit that
would cause a 0.5% change in the setpoint over a 6-month period,
providing the instrumentation is not calibrated periodically. This
is much less than the drift of the measuring elements. In fact, the
periodic calibration of the instrumentation is to compensate for the
drift of the sensing elements such as the drift of the magnetic '
flowmeters over a 12-month period.

c) Electronic relay deadband: 0.2% of full-power range.

Refers to the recovery time of the deviation limit circuit when an
abnormal condition that causes a reactor setback has been correc-

ted.
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d) Time constant of the deviation limit circuit: 260 msec.
Refers to the measured time between the occurrence of an exponen-
tial increase (from a steady-state condition) and the actuating of the
trip circuits for the plant protective system. The deviation limit
circuit is very flexible and can be adjusted to provide any linear or
nonlinear band width; however, after the adjustments have been
made, the drift in repeatability is only 0.5% over a 6-month

period.

Meters are provided on the SRE control console to indicate the percent
deviation between flux and power. This instrument will be provided with an
alarm only during initial power operation until calibration and checkout can be

performed.

2. Annunciator Alarm System

The windows for the annunciator alarm system have been relocated on
one panel directly behind the control console. These window units were located
on individual instrument panels prior to this modification. This modification
will facilitate a better coordination of the reactor operations when an abnormal

condition initiates an alarm in the control room.

All alarms that require immediate action, such as those abnormal re-
actor conditions that would cause a reactor scram, will have alarm windows

with red lights.
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Vil. FUEL ELEMENTS

A, REASON FOR CHANGE

Damage to the fuel elements in the SRE just prior to July 26, 1959, indi-
cates the desirability of increasing the annular clearance of the fuel elements
in the coolant channels. Review of the indicated temperatureé and resultant
metallurgical conditions of the fuel also indicates that increased fuel tempera-
ture instrumentation is desirable. The possibility of some foreign material
remaining in the bulk sodium indicates the desirability for a protective device
to prevent these particles from entering the fuel channels. Distortion of the
uranium fuel indicates the need for increasing the radial clearance. The fuel-

element radial clearance was increased from 29 to 162 mils.

A change in the fuels development program has deleted the alloyed-uranium
elements proposed for the seven central channels in the thorium-uranium core
loading. The currently proposed core is a 34-element loading of clusters
having five standard thorium-uranium peripheral rods rather than the seven-rod

clusters originally planned.

B. FUEL ELEMENT GEOMETRY

Alterations to the fuel element design indicated in Figures 27 and 28 are as

follows:

1) Five standard peripheral rods from the previous seven-rod cluster
are arranged in a concentric ring around a 3/8-in. -diameter stain-

less steel support rod.

2) Supporting spiders for the fuel rods have the same basic design as

for the seven-rod cluster.

3) Top guide vane has been altered only enough to accommodate the five-

rod cluster.

4) Bottom guide hardware (birdcage) has been modified to receive two
conical filter sections employing a support ring for the top filter cone

in place of the previous orifice plate.
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5) Orifice plate has been moved to the top of the fuel channel and is

attached to the hanger rod instead of to the fuel element.

6) Fuel-channel-exit-temperature thermocouple has been extended below

the orifice plate and is positioned directly in the coolant stream.

7) Hanger rod and holddown tube from the previous design have been
replaced with a cruciform section to reduce potential holdup of sodium

and subsequent reactions in the wash cells,

8) Thermocouples have been installed in the fuel of eight elements to

provide representative metal-temperature readings.

1. Rod Geometry

The radial clearance of the seven-rod cluster was 0.029 in. Five standard

rods arranged in a concentric ring around a 3/8-in. stainless steel support rod
allow 0.162-in. radial clearance between the wire wrap of the fuel rods and the
fuel channel. An equivalent amount exists between the wire wrap of the fuel rods
and the 3/8-in. stainless steel center support rod. This reduces the possibility
that any foreign particle in the sodium stream will lodge and start a nucleation
center for additional smaller particles. A filter at the bottom of the element,

as described in Section VII-B-4, prevents particles larger than one-third of the
clearance stated from entering the fuel channel. The fuel element area in the
channel is reduced from 3.47 in.2 for the seven-rod element to 2.59 in.z for the
five-rod element. The sodium flow cross section is increased from 2.68 in.Z

to 3.56 in.2
2.71 ft/sec in the average channel and from 4.5 ft/sec to 3.12 ft/sec in the

, an increase of 33%. The velocity is decreased from 3.96ft/sec to

maximum power channel. Additional treatment of the core hydraulics is given
in Section VII-D, and the fuel loading and nuclear characteristics are given in
Section VII-C.

2. Supporting Spiders

No effect will be experienced from the support spiders.

3. Top Guide Vanes

No effect will be experienced from the top guide vanes.
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4, The Bbttom, Guide

Two conical screen sections in the bottom guide hardware (birdcage)
prevent particles of foreign material (larger than one-third of the radial clear~.
ance of 0.162 in. between the fuel rod and the channel wall) from entering the
coolant channel. The cones are inverted as shown in Figure 27, and the bottom
cone is smaller in diameter to permit flow passage around its perimeter. A
solid ring at the base of the top cone directs flow through the filter. Foreign
material caught in the top screen, if not lodged securely in the screen, will drop
into the bottom cone when the flow velocity is sufficiently decreased. The parti~
cles will be removed With’the,fuel element and disposed of in the wash cycle.
Replacement of the screens is readily accomplished in the SRE hot cell. The
method of attaching the bottom guide hardware is the same as used previously
for seven-rod clusters which have been in the SRE during power operation. The
strainer basket is larger than the opening in the moderator-can pedestal, and thus

it is not possible for it to drop into the lower plenum.

Collection of material on the upper screen can be discerned by slight
increases in the channel exit temperature, and the element can be removed for
cleaning before flow is sufficiently inpeded to induce detrimental fuel

240 temperatures. Experimental relation-
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follow this path. However, the sodium flow around this plate does affect the
sodium-~temperature gradient, and the change in the gradient as shown in

Figure 29 would be slightly larger for a given percentage of screen blockage if
the annular clearance did not exist. A 50% blockage of the screen can be readily
detected by a 60°F change in the temperature gradient. This is well within the
range of observation on the fuel-channel-exit-temperature recorder. Operating
experience with the first fuel loading in the SRE has established that changes

of this magnitude will not be masked by differences in temperature distribution

caused by alteration of control rod pattern during power operation.

5. Orifice Plate

Moving the orifice plate above the fuel element permits its perimeter
to reside within the machined surface of the spacer-ring hardware at the top of
the moderator can, thus allowing closer tolerances to be maintained and thereby
assuring predictable peripheral sodium leakage past the orifice plate. This in
turn will permit a more accurate control of the sodium flow in the respective

channels and, thus, more even temperature distribution throughout the core.

6. Fuel Channel Exit Thermocouple

Placing the thermocouples directly in the coolant stream will provide
a faster rate of response for measurement of fuel-channel sodium exit tempera-
ture. Extending the thermocouple below the orifice plate will reduce the possi-
bility of convective flow and/or heat conduction from the upper plenum, thus
assuring that the thermocouple will measure the true temperature of sodium in

the channel, thereby improving detection of flow restriction in the channel.

7. Hanger Rod and Holddown Tube

- The cruciform section supporting the fuel element in the new design
provides both support and holddown protection against a rising moderator can as
did the previously used hanger rod and holddown tube. It has the added advan-
tage that there are no confined areas or horizontal surfaces to retain sodium
when the element is pulled from the reactor, thus minimizing the possibility of

damaging fuel elements during the wash cycle.
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'¢. NUCLEAR CHARACTERISTICS

Five-rod thorium-uranium fuel elements, as described above, will comprise

the initial fuel loading. The fuel material is Th - 7.6 wt % U (93% enriched

U235).20

The proposed initial operating load will consist of 34 five-rod thorium-uranium

Clean wet critical loading has been calculated to be 26 = 2 elements.

elements with graphite dummies in the remaining nine peripheral fuel channels.
An equivalent seven-rod thorium-uranium loading would consist of 31 elements.
The loading originally planned consisted of 30 seven-rod thorium-uranium ele-
ments with seven unalloyed-uranium elements from the first core loading in the

central fuel channels.

The total eéxcess reactivity of all fuel elements loaded in the rea;g:t_gl"_,‘fa‘gtpnew o

time will be limited to approximately one-half the worth of four shim rods, which
is approximately one-fourth of the combined shim and safety rod worths.
Reactivity worth measurements will be performed on any experimental fuel

elemerits added at a later date to assure compliance with this limitation.

1. Individual Element Worths

Danger coefficient measurements in the SGR critical facility indicate the

difference in the worth of a five-rod thorium-uranium element and a seven-rod

thorium -uranium element to be -0.185% Ak/k with the 3/8-in. stainless steel
center support rod and -0.119% without. By comparison, the same tests show a
difference of 0.50% between the seven-rod thorium-uranium cluster and the
seven-rod unalloyed-uranium cluster, corroborating analytical work based on
information from the first core loading. Less difference in reactivity worth is
expected in the reactor. For example, the difference between the seven-rod
thorium -uranium element and seven-rod upalloyed-uranium element in the .
reactor was measured to be 0.28% in the center fuel channel compared to the
0.50% difference in the critical facility stated above. On this basis, the actual
difference between the five-rod and seven-rod thorium-uranium element in the
reactor is expected to be betwéen ~0.07% and -0.14%. Total measured worth
of a seven-rod thorium-uranium element in the center fuel channel is approxi-

~ mately 1.4%.
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2. Reactor Characteristics with Five-Rod Thorium-Uranium Fuel

Based upon the close correlation between theoretical and experimental
(in the SRE and the SGR Critical Facility) worths of individual fuel elements, the
total excess reactivity in a 34-element loading of five-rod thorium-uranium
clusters will not be significantly different than that with 31 seven-rod thorium-
uranium elements. The calculated excess reactivity is approximately 3.5%.
This is approximately one-~half the worth of all four shim rods and approximately
one -fourth the combined worth of four shim rods and four safety rods. Shim-
and safety-rod worths are discussed in Section VII-C-2-a of this report. The
general nuclear parameters for the unalloyed uranium, seven-rod thorium-

uranium and five-rod thorium -uranium cores are given in Table VI,

a. Control Rod Worths

The four SRE shim rods in the first core unalloyed-uranium loading
were calibrated to be worth a total of 7.8% reactivity when summed individually,
or approximately 7% considering shadowing. The total worth of four safety rods

is 5.7% when summed individually and 5.1% considering shadowing.

Control rod worths are estimated to be approximately the same for
the 34 five-rod thorium-uranium element loading based on the similarity of the
pertinent nuclear constants. The core nuclear constants of interest in com-
paring control-rod worths for the different fuel loadings are the fast diffusion
slow)’ the effective

fast diffusion area (7) and the thermal diffusion area (LZ2). These constants

coefficient (Dfast) and the thermal diffusion coefficient (D

are presented in Table VI for 43 unalloyed-uranium elements, 31 seven-rod
thorium-uranium elements, and 34 five-rod thorium-uranium elements. The
similarity in these constants and the flux distribution in the core for the three
loadings indicates very little change in the control rod worths. The maximum
reactivity insertion rates from individual or combined shim and regulating

action of the four shim rods remains approximately as described inthe '"Hazards
Summary for Thorium-Uranium Fuel inthe SRE,"" (i.e., regulating motion for

one rod is 3,9 x 10-2%/sec max; shim motion for one rod is 2.9 x 10-3%/sec max;

and shim motion for four rods is 1.16 x lo-z%/sec max).

With the excess reactivity loading, as determined éxperimentally by

individual fuel element insertions, limited to 3.5%, the control margin remains
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TABLE VI

CALCULATED PHYSICS PARAMETERS FOR THE FIRST AND SECOND CORES

: 5_ ROd ThU s 5_R0d ThU
First 7-Rod (Clean (Hot, Full-
Core ThU Cold Power
340°F) Poisoned)
n 1.823 1.818 1.818
€ 1.043 1.012 1.010
o) 0.816 0.845 0.879
f 0.814 0.863 0.836
T 371 371 374
LZ 148 128 149
Dfast 1.077 - 1.077 1.087
Dlow 0.960 0.966 0.968
fuel
Za 0.7225 | 1.158 1.158
Excess reactivity (%)
37 elements 1.70 7.2 7.1T
33 elements - - 3.5 1.4
30 elements - 3.8 -

*The above parameters for the 5-rod clusters do not include the effect of t.
steel rod. : .

tFrom experimental measurements in the critical facility the excess reactivity
of 34 clusters of 5-rod assemblies with a steel support rod in the center of
each cluster is calculated to be 3.5%. ‘
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at 3.5%. The combined reactivity of the four safety rods (5.1%) provides an

adequate margin over the excess reactivity stated.

b. Reactivity Coefficients

‘Reactivity coefficients of fuel temperature, overall isothermal tem-
perature, power, and sodium void are 1irsted in Tables VII, VIII, and IX for the
cores being compared. Coefficients for the five-rod thorium-uranium loading
lie between those of the unalloyed uranium and those of the seven-rod thorium-
uranium loadings which were previously approved. Fuel temperature coefficients
are strongly negative for all three cases. Isothermal temperature coefficients -
are all positive at low temperatures approaching zero at the average core tem-
peratures for power operation. The graphite moderator temperature coefficient
of reactivity is positive, but its effect is relatively slow (10-min time constant)
compared to the negative reactivity effect of fuel temp‘erature changes (9-sec
time constant). The fast response of the strong negative metal temperature
coefficient provides protection against rapid reactivity excursions, even though
the overall isothermal temperature coefficient of reactivity may be positive for
the conditions that exist at any one time. The power coefficients are estimated
to be negative in all power ranges with the possible exception of below 10% of
full power. The steady-state power coefficients of reactivity for the'thor'ium-
uranium cores with both five~rod and seven-rod clusters are more strongly nega-
tive than that of the unalloyed-uranium core and may remain negative even below
10% of full power. Values of the power coefficient ind{cated are based upon steady-
state reactor conditions. The power, coefficient 1s negatlve because the fuel- |
temperature rise is 51gn1f1cant1y greater than the graphlte temperature rise which
results from a small power increase throughout the normel power range. A short
fuel 'time constant (9 sec) compared to the relatively long graphite time constant
(10 min or longer) maintains prominence of the negative factor in the power coef-
ficient for short-term transients (in the order of seconds). ‘The fuel channel sodi-
um void coefficient of reactivity for the five-rod thorium-~uranium core is about
midway between those of the unalloyed uranium core and the seven-rod thorium-

uranium core.

Two sets of temperature coefficients (Table VII) and power coefficients

—~
(Table VIII) are shown for each of the cores under comparison. The
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TABLE VII
CALCULATED TEMPERATURE COEFFICIENTS OF REACTIVITY
(All numbers in units of 1;0_,5 Dk /k per °F)
First
7-Rod ThU 5-Rod ThU Core U
Ctf -2.2 -1.7 -1.4
ac +0.3 +0.3 ’ +0.3
+0.1 +0.2 +0.3
“ 300°F a +2.3 +2.3 +2.3
m +3.6 +2.9 +2.3
800°F a 412 +1.2 +1.2
m +2.0 +1.5 +1.2
300°F ) al +0.4 +0.9 +1.2
+1.5 +1.4 +1.2
800°F al -0.7 -0.2 +0.1
-0.1 0.0 +0.1
where af = Fuel-temperature coefficient al = Isothermal-temperature
‘ coefficient
T = Mode.ra}tor-temperature a_ = Coolant-temperature
coefficient c .
. : " coefficient
TABLE VIII
CALCULATED STEADY-STATE POWER COEFEFICIENTS
(All numbers in units of 10,—5 Awk/k:per Mwt)
' ‘ ‘ First
7-Rod ThU 5-Rod ThU Core U
- 300°F  H__ -118 -~ 5.4 O +0.90
s - 1.5 - 1.3 +0.90
] 800°¥F H s -19 -12.6 -7.0
s -10.5 - 8.9 -7.0
TABLE IX
CALCULATED VOID COEFFICIENTS
(All numbers in 10—,5 Ak /k per % void)
) . ’ : : , . First
f 7-Rod ThU 5-Rod ThU Core U
Void Coefficient +4.9 +6.5 +8.6
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two were determined by different calculational methods., The assumptions used

in these calculations are as follows:

1) Moderator and coolant coefficients were considered to be the
same as those established experimentally for the original

unalloyed-uranium core.

2) Moderator and coolant coefficients were modified from those in

case 1) to allow that:

a) Coolant coefficient is proportional to the percent of neu-

trons absorbed in the coolant.

b) Part of the moderator coefficient due to leakage is propor -

tional to the amount of leakage.

c) Part of the moderator coefficient due to thermal flux dis-
tribution in the cell is proportional to the flux depression

in the fuel.
Calculated void coefficients are given in Table IX.

Experimental determination of the reactivity coefficients and their

time constant on the first core loading are discussed in Reference 18.

c. Reactivity Changes Due to Long-Term Effects with Thorium-
Uranium Alloy Fuel

The accumulation of reactivity from U233 formation is less for the
five -rod element loading than for the seven-rod element core. After 1500 Mwd/T
of full-power operation, and 100 days of decay, the reactivity buildup is 0.23%
for the five-rod element core compared to 0.25% for the seven-rod element core.
This amount is small for both cases compared to the control margin available

in the control rods.

D. HYDRAULIC CHARACTERISTICS OF FUEL CHANNELS

Hydraulic characteristics of the fuel channels will not be significantly dif-

ferent for the five-rod clusters than for the seven-rod clusters.

The normal flow cross section in the channel is increased from 2.68 in.z

for the seven-~rod cluster to 3.56 '1n.2 for the five-rod cluster, an increase of 33%.
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The velocity is decreased from 3.96 to 2.71 ft/sec in the average channel and
from 4.55 to 3.12 ft/sec in the maximum power channel. The wetted perimeter

is decreased from 2.17 to 1.86 ft.

From the changes in hydraulic characteristics, the film coefficient for
heat transfer (h) is reduced from 7500 to 5000‘Bt;u/hr-ft2-°F, a decrease of 35%.
The effects of this change in heat transfer on fuel temperature are reflected in
Section VII-E. The pressure drop across the core with the five-rod elements
is maintained close to that with the seven-rod clusters. A larger percentage of
the drop occurs across the orifice plate, which permits more accurate flow con-
trol by orificing sizing. Experimental pressure drops across the '\}arious parts
of the five-rod fuel element are illustrated in Figures 30 and 31, At an average
flowrate of 3.3 1b/sec, the drop across the fuel element with 3/8-in. holes in

the orifice plate is 1.4 psi compared to 0.28 psi without the orifice plate.

50

FUEL ELEMENT WITHOUT~———y

- ORIFICE ASSEMBLY OR
FUEL ELEMENT
WITHOUT ORIFICE
ASSEMBLY

STRAINER
578-in. HOLES

[_———9/16-in. HOLES

- 5~ROD FUEL ELEMENT
WITH STRAINER AND
UPPER QRIFICE PLATES

o (HOLE SIZES NOTED) " 1/2-in. HOLES
@ 7/16-in. HOLES
3 SODIUM TEMPERATURE 750 °F I
= oF = =S=3/8in, HOLES ]
w L
b - i 7/16-in. HOLES
o |
= | : 1/4-in. HOLES
(o] [}
p |
@ | |
\ N R A ] B S L
o1 ! 10 50

CORE PRESSURE DROP (psi)
Figure 30. Core Pressure Drop vs Channel Flowrate
E. FUEL TEMPERATURES
The maximum central fuel temperatures and the maximum surface fuel

temperature have been calculated to be 1190 and 1010°F respectively in the

L max1mumpowe r cha.nnel unde_r/pqrrpal ope rating conditions of 20 Mwt, If hot

channel conditions exist, the maximum central fuel and fuel surface temperatures
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may increase to 1255 and 1085°F respectively. Axial fuel temperature distri-
butions are shown for the 34 five-rod elements in Figure 32 and for the 31 seven-
rod elements in Figure 33. The calculations for these numbers are based upon

the following conditions:

" S Reactor Power (Mwt) 20 5
s — Sodium Flowrate (1b/hr) 4,4x10
® :2:':‘5: Reactor Outlet Temperature 960
’ L AP = 1.6 psi (oF)
6 Reactor Inlet Temperature (°F) 500
s Heat Loss fromthe Reactor (%) 1
R " 0-€psl Axial Peak-to-Average Power 1.24
§ ) Radial Peak-to-Average Power 1.15
; Hot Channel Factor 1.16
g ’ Heat Generated in Fuel (%) 90.0
2 High temperature limitations for the
fuel are established by eutectic formation
thresholds at the fuel cladding interface
as follows:
o , ThFe 1580°F
02 03 04 05 06 07 08 05 10
ORIFICE HOLE SIZE (in) ‘ ThCr 2230°F
~ Figure 31. Orifice Hole Size vs ~ ThNi 1830°F
Channel Flowrate (five-rod cluster) Th - 7.6 wt% U 2000°F
(weak reaction
‘ only)

The maximum surface fuel temperature of 1085°F is well within these limits.
The beta-gamma phase shift in thorium is very slight at 2800°F, well above the
maximum central fuel temperature of 1255°F. Phase changes in thorium-
uranium fuel are discussed in Reference 19. No geometrical. differences re-

sulting from phase changes of uranium in Th - 7.6 wt% U fuel have been observed.

These parameters are design objectives. The actual temperatures for fuel

and sodium will be controlled within limits compatible to the impurities inthe

sodium.
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Figure 32. Axial Fuel-Temperature Distribution for 34 Five-Rod Elements
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Flgure 33. Ax1al Fuel Temperature Dlstrlbutlon for 31 Seven Rod Elements
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