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LEGAL NOTICE

This report was prepared as an account of Govern-
ment sponsored work. Neither the United States, nor the
Commission, nor any person acting on behalf of the Com-
mission:

A. Makes any warranty or representation, expressed
or implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report, or
that the use of any information, apparatus, method, or pro-
cess disclosed in this report may not infringe privately
owned rights; or

B. Assumes any liabilitles with respect to the use
of, or for damages resulting from the use of any informa-
tlon, apparatus, method, or process disclosed in this re-
port.

As used in the above, “person acting on behalf of the
Commission” includes any employee or contractor of the
Commission, or employee of such contractor, to the extent
that such employee or contractor of the Commisasion, or
employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his em-
ployment or contract with the Commission, or his employ-
ment with such contractor.
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NOTE

This report has been duplicated and given limited distribution in
preliminary, unedited form in order to meet taie reguirement for prompt
reporting of the information.

Although the substance of the report will not be affected, further
reviews will be made, and this document will e reissued and distributed
as a formal Los Alamos report under the same aumber, LA-2327. It is
requested that all copies of the preliminary document be destroyed upon
receipt of the final report.
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1. INTRODUCTION, SUMMARY, AND CONCLUSIONS

1,1 Introduction

The Los Alemos Scientific Laborastory is investigating plutonium-
fueled reactors for possible application to fast breeder systems. The
fuels presently being considered are molten alloys of plutonium which
offer the possibility of high burnup and in-place reprocessing.

The first reactor in this program is called the Los Alamos Molten
Plutonium Reactor Experiment Number One (LAMFRE I). This reactor will
use a wolten plutonium-iron alloy contained in tantelum capsules, cooled
with liquid sodium. The design power of the reactor is 1 Mw, which will
result in an average specific power of 40 w/g of fuel. This reector is
intended to serve a vital function in providing & facility to test mete-
rials under operating conditions.

The reactor is presently being installed in an existing under-
ground cell located at Site TA-35 of the Los Alamos Scientific Labhoratory.
The same cell was used previously for operation of LAFRE I.

1.2 Summary

The possible hazards associated with the stertup and operation of
LAMPRE T have been analyzed with consideration of the effect of various
temperature coefficients of reactivity, fuel element bowing, and rupture
of the coolant system or of fuel capsules. Attention has also been given




to the effect of fallure of various cumponents, to the consequences of
large posltive reactivity insertions, and to establishing safe handling
techniques for the fuel.

1.5 Conclusions

Analysis of hazards potentially present in the LAMPRE I system
leads to the conclusion that the large negetive prompt temperature co-
efficient resulting from the thermal expansion of the liquid fuel mekes
this reactor unusually safe. The meximum credible malfunctions of the
system areestimated to lead to reactivity insertions of the order of
several hundred dollars per second, an order of magnitude less than that
required for formation of an explosive shock. Operational procedures
and sequencing of operations have been designed to minimize to the point
of impossibility any power excursion of sufficient magnitude to vaporize
the scdium coolant or to melt the core conteiner. As with any system
using high-temperature sodium, sodium fire represents one of the prin-
cipal dangers to the experiment. A sodium fire might terminate the
experiment, but release of radioactive smoke to the atmosphere is pre-
vented so that personnel will not be endangered. There are provisions
for alpha particle contaimment in various phases of the fuel handling
equipment in order to guard against any hezeird resulting from rupture
of a fuel element.




2. DESCRIPTION OF THE RBACTOR

2.1l Type and Purpose

LAMPRE I is to be an experimental test reactor using a molten
plutonium alloy fuel operating with a fast neutron spectrum. The reactor
will be used to investigate (a) the feasibllity of using molten alloys of
plutonium as reactor fuels, (b) the satisfactcry containment of such fuels,
(c) fission gas disengagement from the molten fuel, and (d) the sultability
of this type of reactor concept for future power breeder reactors using
similar fuels.

Figures 2.1 and 2.2 are plan and elevation layouts respectively of
the reactor installation. The location of the reactor is the same as that
used for LAPRE I.

2.2 Core Configuration

The core of the reactor is made up of an array of tantalum capsules
containing plutoniumeiron alloy fuel. There arxre locations for a total of
199 capsules, some of which will be used for unfueled reflector pins.

Figure 2.3 is a cutaway view of the core region. Coolant sodium enters

the reactor vessel and flows downward through an annulus to the bottom of
the vessel. From the bottom the sodium flows up through the bottom re-
flector into a plenum, then through the capsule locator plate into the core.
After flowing past and recelving heat from the capsules, the sodium passes
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into the upper reflector region and out of the vessel. A tantalum catchpot,
for containing fuel in the event of a capsule rupture, is located just below
the turn-around plenum. Within the catehpot & diluent plug of Armco iron

is provided, with holes drilled so that there is sbout a 35% void. The plug
serves to dilute fuel in the catchpot to a subcritical concentration, and
also serves to alloy with and "dry up" the fuel by raising its melting
point.

The bottom reflector is also made of Armco iron drilled for sodium
passage. The cross sectional area for sodium flow of the reflector 1s about
17%. The capsule locator plate is »=3/4 in. thick stainless steel, the top T
of which has been faced with a 1/4 in. thick sheet of tantalum. Sockets are
drilled in the tantalum plate on a 0.497 in. triangular pitch to locate the
conical capsule bottom. The purpose of the tantalum face on the locator
plate is to prevent soldering of the capsule tip to the stainless steel
plate in the event leaking plutonium enters the socket.

The lower part of the reactor vessel is double-walled, with no pipes
entering in the region. The core cannot be drained of coolant accidentally
unless there is a leak in both walls of the double containment. A small
line extendes from the bottom of the catchpot tarough the sodium inlet pipe
by which the vessel may be drained should it become necessary.

Cepsule handles, described below, constltute the upper reflector
and also part of the radiation shield. Above the vessel sodium outlet the
capsule handles have an hexagonal cross section and extend to the top of
the vessel. The top of the vessel is fitted with a 10 in. slide vacuum
valve which will be closed when the reactor is operating.

An annular shim moving outside the sodium vessel furnisghes coarse
reactivity control. Vernier reactivity control is provided by four sepa-~
rately actuated control rods which are portions of the shim. Above and
below the shim are stationary steel shields. Surrounding these two shields
and the shim is the flue which aids in cooling the boron impregnated
graphite immediately outside the flue. Figure 2.4 shows a horizontal cross
section through the core. Figures 2.5, 2.6, 2.7, and 2.8 show the bottom

(Text continues on page 19)
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Fig. 2.5 Bottom reflector.
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Fig. 2.6 Catchpot and diluent plug.




Fig., 2.7 Flow divider.
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Fig. 2.8 Capsule locator plate.



reflector, catchpot and diluent plug, flow divider and locator pla¥e respec-
tively. Figure 2.9 is & photograph of the vessel.

2.3 Fuel Element Design

Figures 2.10 and 2.11 show details of the fuel capsule; Figs. 2.12
and 2.13 show the complete element. In Fig. 2.13 a fuel element is sus-
pended outside the vessel but at the same elevation relative to the vessel
that 1t would have if the capsule were in the core. The fuel capsule is
deep drawn from high purity tantalum. It has an inside diameter of 0.375
in. and a 0.026 in. wall. The bottom six inches of the capsule will con=-
tain fuel and fission product gases will accunulate in the remaining top
two inches of the capsule. A tantalum closure plug is welded into the
capsule top and has pinned to it a stainless steel adapter with a male thread
which screws into the handle. Just above the point where the capsule is
screwed to the handle is a locator section which positions the capsule tops.
Sodium flows through this locator section in six splines and then into the
top reflector region. The handle in the top reflector has a diameter of
0.420 in. In the outlet plenum region the handle has a dlameter of 0.375 in.
The remsinder of the handle length has a hexagonal cross section of 0.483 in.
across flats except for the handling and locking details at the upper end.
Capsule locations in the core not used for fuel-filled capsules will be
occupled by reflector pins. The reflector pin is a solid stalnless steel
cylinder having a conical tip and screwing into the handle in the same
fashion as a fuel capsule. Pin diameter is 0.485 in. Three grooves in
the pin allow pagsage through the wrench which unscrews the handle.
Specifications for the plutonium alloy fuel are listed in Table 2.1
Corrosion tests of tantalum by this fuel have been made using rocking
bomb furnaces with a temperature differential of 150°C over several temper-
ature ranges. With a high temperature of YOOOC, corrosion is less than
1 mil/yr. Tests show that a trace amount of carbon in the fuel inhibits
solution attack of the tantalum, but that very low level of interstitial
(Text continues on page 26)
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Table 2.2

MATERIALS AND THEIR THICKNESSES USED FOR S, CALCULATIONS

Material or Region

Reflector pins

Flow divider

Na (inlet flow regilon)
Inner containment vessel
Heaters

Outer containment vessel
Air gep

Shim

Alr gep

Circular flue wall

Air gep

Hexagonal flue wall
Shield

Gas space in fuel capsules

Capsule fuel capsule plugs
Capsule handles

Locator plate facing
Locator plate

Locator plate plenum
Bottom reflector
Turn-around plenum
Catchpot

Inner containment vessel

Air gep
Bottom vessel shield

Thickness (cm)

Composition

SIDE REFLECTOR

1.27
0.635
0.9525
0.635
0.9525
0.635
0.3175
11. 7475
0.15875
0.635
127
0.635
50.8

TOP* REFLECTOR
5.08

l.27
50.8

BOTTOM REFLECTOR

0.508
L.572
1.905
12.70
1.905
15.24
1.905
6.35
11.43

- 30 -

0.34587 Na, 0.65413 S.S. (430)
S.8. (30k4)

Na

S.8. (304)

0.15 S.8. (304)

S.8. (30k4)

Air

0.98 s.5. (430)

Air

s.8. (430)

Air

Carbon steel

0.9108 B + ¢ (0.4 w/o boron)

0.15403 Ta, 0.34587 Na,
0.5001 air

Ta
0.61518 s.S8. (430), 0.38482 Na

Ta

0.23795 Na, 0.76205 S.S. (304)
Na

0.1422 Na, 0.8578 Armco Fe

Na.

0.47 Na, 0.53 Armco Fe

S.S. (304)

Air

S.8. (304)



-89 x 1078/%¢

Dl%
~———”
]

= -19.5 x 10°%/%c

Lo = 36 x 1078/9¢
P ] s.s. (304) /

(:£§1—) = -300 x 1078/°¢
Na

Dig
v
=
©

i

The results of the computations ere expressed in terms of changes in

critical mass of fuel alloy per unit change in the temperature of the

appropriate material. These derived constants are listed below:
Change in critical mass due to fuel temperature varistion in an

otherwise isothermal system:

(‘%‘3‘) = 2.72 &/°C
fuel (prompt)
This may also be expressed as a function of fuel density:

om
= 21,91 x 10° ¢ 3
(B) - o 30" atwnd

Change in critical mess due to varistion in the temperature
(isothermal distribution) of all core materials:

) ] ¢y
g/

Critical mass change assoclated with & space independent sodium

coolant temperature varilation in an otherwise isothermal system:

(-%%-) = -0.80 g/°c
Na,

If the locating splines on the fuel pin assemblies (see Fig. 2.12)
are sssumed to be in contact, there is an additional temperature co-
efficient. This is produced by the outwaerd displacement of fuel pins as
the temperature increases. The displacement is different at the top and
the bottom of the core, however, since the bottom ends of the fuel pins

are spaced by the tantelum locator plate, which expands at a different

-3 -




rate than the stainless steel parts (splines) which position the fuel
elements at the top end. An average expansion coefficient

a8fs = 9.5 x 10879
was assumed o be applicable to the effective radial expansion of the
core. The temperature coefficient of reactivity produced by the re-
sulting variation in average fuel density was found to be, for an
isothermal temperature distribution,

..__ng = -0.57 g/°C
location geometry

These estimated mass relationships may be converted to temperature
coefficlents of reactivity by using the experimentally determined
value (see Appendix A).

N .
M 1-18 ¢/g fuel »

In summary, the zero power, isothermel reactcr system is characterized
by these coefficients:

Ak
= -3,21 ¢/
(_3'5—) fuel (prompt) #

ok
— = -0.94 £/%
( 00 )INa

3k ) o
S5 = -0.67 £/
( ° location geometry

Sk )
- = «0.88 £/°C
( o reflector

The power coefficlent of the system mey be estimsted from the above
reactivity coefficients. It is necessary only to sum the effects of
the listed coefficients, teking proper account: of the fact that the
temperatures of the fuel, the coolant, and the reflector structure
increase by different amounts as operating power is raised. (For
instance, it is calculated that for full coolant flow the average fuel
temperature increases about three times as faat as the average sodium
temperature when pOWE? demand is increased,) The total power co-

efficient is, on this basis, found to be

- 32 .




(—%%—)” -0.69 4/

or

("%%;): -12.3 ¢/°C rise in Na temperature

Approximately three-fourths of the power coefficient results from the
temperature rise in the fuel and is therefore a prompt effect. If
there is & significant amount of convective cireuletion of fuel in the
cepsules, the average temperature of the fuel will be lower (relative
to the coolant temperature at a given power), and the absolute value of
the power coefficlent would be smaller than the estimated value given
here. Mechanical clearances in the core etructure, not considered in
the above power coefficient estimates, could produce a simllaer effect
through their relation to core distortion (capsule bowing) as a
function of power.

Since the LAMPRE I fuel is molten under operating conditions, a
radial temperature gredient across the core does not produce strong
bowing effects in the fuel capsules. Some bowing mey occur, however,
since the radiael temperature variation will tend to introduce bowing
forces in the tantalum fuel capsules themselves, and in the fuel
capsule handles. The emount of bowing which can take place is a
complicated function of assembly clearance cn the fuel element
assemblies and of the actual temperature distribution in the reactor.
These variables, end their effects on the overall power coefficlent,
are considered in Appendix B which may be svmmarized briefly as
follows:

a. In the bowing calculation it wes assumed that assembly
clearances between fuel capsule handles are uniformly distributed, and
that initially there is no contact between adjecent fuel capsules at
the spline sections of the handles. If, as will almost certainly be
the case, a few percent of the fuel capsules are initially constrained
by contact between adjacent spline sections, the effect of bowing is
markedly reduced.
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b. With the uniform clearance assumption, both capsule and
handle bowing make positive contributions to the power coefficient
up to ebout 10% of full power. At higher power levels only capsule
bowing persists and it produces only a smell reactivity effect.

c. On the basis of the pessimistic distribution of mechanical
clearasnces assumed, the overall power coefficlent, including the
bowing contribution, is calculated to be positive up to a power level
of 100 kw, with a value of about 0.025 ¢/kw. Above the 100 kw power
level, bowing is of little consequence, and the overall power co-
efficient becomes ~ -0.7 £/kw.

d. The prompt component of the power coefficient is negative
over the entire power range, with a value of about -0.55 ;f/kw

There 1is one other recognized source of a small positive com-
ponent of the overall power coefficient. Relative motion between the
reactor core and the control elements occurs as the average sodium
temperature changes with variation in power. The motion is such as
to increase reactivity as power, and hence the average sodium tem-
perature, increases. A design feature which has to a large measure
eliminated this effect is described in Section 2.7. It is estimated,
however, that a positive component of the power coefficient of
$ 0.015 £/kw still remains due to this thermally induced, relative
motion between the reasctor core and the control elements.

Calculations indicate that with the reactor at operating tem~
perature, but at low power, withdrawing the shim and control rods
reduces reactivity by an amount equivelent to about 6000 g of fuel, or
by roughly $70. While the relative effectiveness of the control rods
and the control shim is not known precisely for LAMPRE I, it appears
that about P60 of the above shutdown control is produced by the shim.

It has been also estimated that if the reactor is shut down
from full power operating conditions by withdrawing the shim and the
control rods, the reactor will be subcriticel at room temperature by
an amount equivalent to 2.8 kg of fuel, or by ~ £33.

-3 .



The dry (no sodium) cold critical loading of the reactor is
calculated to be 25.48 kg of fuel with the rods and shim Inserted.
The corresponding value with all control elements withdrawn is
31.68 kg.

Reactivity worth of the sodium coolant (including that in the
inlet and outlet plenums) is listed below, expressed in terms of the
equivalent change in critical mess:

Na worth et 20°C, shim end rods in = 3.1 kg
Ne worth at 20°C, shim and rods out = 3.9 kg
Ne worth at 550°C, shim and rods in = 2.6 kg
Ne worth at 550°C, shim and rods out = 4.1 kg.

2.5 Operating Conditions

General

LAMPRE I startup and spproach to operation at full power will
be carried out in four major steps. First, a set of cold ecritical
experiments will serve to determine critical mess and control element
worth for comparison with calculated estimaties based on ICX II obser-
vations. During this period no sodium coolant will be present in the
reactor, and the entire system will be at room temperature. Second,
after the conclusion of the cold critical measurements, all the fuel
will be removed from the reactor, and the fuel capsules will be
replaced by stainless steel dummies; the reactor system will then be
filled with sodium and operated at an appropriate temperature, and for
a suiteble length of time, to clean up all system components. Third,
the dummy elements will be replaced one by one with fueled elements,
and a determination of the hot, wet critical mass and the control
element worth will be made at a reactor system temperature in the
range of 450°C to 500°¢C, and at "zero" nuclear power. The fuel in
each cepsule wlll melt as it is inserted into the core. The value of the

negative temperature coefficient will also oe measured under these
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conditions. Finally, the reactor power will be raised stepwise and at
each power level reactor stability will be lnvestigated by a series of
reactor oscillator experiments.

Table 2.3 gives values of some core parameters.

Reactor Startup and Approech to Full-power Operation

Cold Critical

The design of the mechanized fuel element handling system, or
capsule charger, is such that it cannot load fuel into an empty reactor
core. Therefore, an initial loading of dunmy elements must be made
mnanuelly before the capsule charger is attached to the reactor during
the final stages of system assembly. At the start of the cold critical
measurements, the reactor will therefore be completely filled with dummy
fuel elements and reflector pins. Dumny capsules will be replaced
manuslly, one at a time, by fuel capsules until a multiplication of 10
(with shim and rods down) is achleved. At this point the capsule charger
will be installed and further replacement will be accomplighed using
the charger. Rules governing personnel access to reactor areas will be
applied during the cold critical phase of operaticns. Protective in-
strumentation and interlocks described in a subsequent portion of this
section of the report will be connected 1f they are related to nuclear
safety considerations. Startup detectors will consist of at least three
B 1lined proportional counters. A stertup neutron source of sufficient
intensity is provided by Pu®4® in the fuel itself.

The actual charger menipulations involved in replacing the dummy
fuel elements with fuel-filled capsules are as follows: The vertical 1lift
mechanism 1s lowered to engage a fuel element handle; the handle with its
dummy element 1ls lifted into the charger housing and the element then
ungcrewed from the handle. The dummy element 1s transferred out of the
housing through & port, and a real fel element inserted into the housing
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Table 2.3
VALUES OF CORE PARAMEIERS

Capsule material National Research Corporation high-
purity Te refined by Temescal electron
beam melting

Capsule size 0.375 in. i.d. x 0.26 in. wall

Core capacity 199 capsules in hexagonal array

Number of capsules for

criticality 143 (caleculated)

Cepsule spacing 0.497 in. triangular pitch

v/o fuel 51.5

v/o Na 33,5

v/o Ta 15.0

Fuei height 6 in.

Fission gas volume height 2 in.

Design power 1 Mw

Average fuel temperature 637°¢

Maximum fuel temperature 870°¢

Na inlet temperature 450°¢

Na outlet temperature 563°0

Na flow rate 133 gpm

Central to edge power ratio 1.8

Axial power ratio 1.8
Average Maximum Minimum

Specific power (w/g) 40 61 19

Heat flux (w/cm®) 145 220 68

(Btu/hr/£t%) 460,000 700,000 214,000

Na outlet temperature (°C) 563 597 531

AT in fuel (°c) 200 307 93

AT in Ta (°C) 17 2k 8

Ta thermal stress (psi) 2800 4300 1300
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and attached to the handle by the reverse process. The element is then
lowered into the reactor vessel and is positiocned in the space formerly
occupiled by the dummy.

All fuel additions are to be made with the control elements (shim
and rods) in their least reactive, or down position. When ebout two-
thirds of the estimated 25.48 kg critical mess has been loaded, the shim
and rods will be inserted, and the neutron level observed. This pro-
cedure will be repeated at appropriete intervals during the rest of the
fuel loading operation, until sufficient date are avellable to estimate
satisfactorily the actual critical mass with shim and rods fully in-
serted. The final approach to delayed critical will be made by control
rod menipulation.

Critical mass at partial shim insertions may be determined in en
exactly similar fashion after making the appropriate adjustments to the
mechanical stop which limits available range of shim travel. An extra-
polation of the data to the shim-down case will determine the worth of
the shim; for the cold critical case, its valuae has been estimated to
be equivalent to 6.2 kg of fuel, or about 39 =lements.

Fuel inventory records kept during these, and subsequent, loading
procedures will list the identifying number of each element inserted
into the reactor, together with its position in the core. The total
loaded fuel inventory maey be physicelly checked against the number of
dummy elements removed from the core during loading operations.

Sodium System Cleanup

When the cold critical experiments have been finished, the fuel
will be removed and replaced by the qummy capsules, element by element.
The reactor system will by this time be ready to charge with sodium.
Test operation, with electrical heating to about 500°C, will then begin,
and continue until satisfactory performence of all coolant loop com-
ponents has been demonstrated, and until the desired degree of sodium
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purity has been obtained through the use of cold and hot traps. The
fuel capsule charger will be tested while the reactor system is at
operating temperature, and the various sodium system malfunction de-
tectors checked out, insofar as possible, under actual operating
conditions. Batisfactory mechanical functioning of the reactor control

elements at elevated temperature will also be ensured.

Zero Power Hot Critical

When the coolent system cleanup and checkout program hes been
completed, the core may be loaded with fuel and the zero power, hot
critical mass determined. During this operation, the reactor system
will be held at a temperature of 450°C to 500°C by the use of
electrical heaters. Zero power, or isothermal, operation above 500°C
is not advisaeble, since the sodium pumps (in the reactor inlet leg of
the coolant loop) are not designed for temperatures in excess of 500°¢.
There will be no air flow through the sodium-to-air heat exchanger,
but in other respects, the coolant system will be fully operative.

The insertion of fuel into the core will be accomplished in the
seme fashion as during the cold critical determination; i.e., a dummy
capsule will be removed by the capsule charger, and a fuel capsule put
in its place. It is expected that the fuel in a capsule will become
fully molten during the time interval between its insertion and the
loading of the succeeding fuel element.

A shim in, all rods in, critical configuretion will first be
determined. It will then be desirable to increase the fuel loading,
one capsule at a time, to obtain a preliminsry calibration of rod worth.
A similar preliminary value of the temperature coefficient of reactivity
will then be obtained by varying the electrical power input to the
system and noting the configuration changes necessary to maintein
criticality. PFinally, critical mass as a function of shim insertion
will be determined in the same fashion as during the cold critical
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tests, and intercalibration of the shim and the control rods will be
carried out.

The final fuel loading will be adjusted to such a value that, at
full power, e critical configuration should be reached with the shinm
and two rods fully inserted, and the third rod partially inserted.

Approach to Full Power

The following basic plan will be followed in achieving full
power operation. With the shim fully inserted, (corresponding to a
slightly subcritical configuration at the 450°C, isothermal condition)
the reactor will be made critical and coolan® outlet temperature will
be raised in small increments by inserting rods. A constent coolant
inlet temperature will be maintailned by decreasing the electricsl
heating power as nuclear power is increased.

The present estimate of overall power coefficient for LAMPRE I
is 0.7 ¢/kw. Therefore, $7 of reactivity control must be availeble in
the rods to reach the nominel 1 Mw design power. The estimated value
of the total worth of three control rods is very ~ $10. It appears,
therefore, that sufficient reactivity control is availeble to reach
design pover without shim adjustment. However, the power coefficient
depends strongly on the actual value of paremeters such as the thermal
conductivity of the fuel, which is not accurately known at present;
also the power coeffilcient of the reector will be influenced by the
amount of natural convection of the molten fuel within the capsules.

Protective Instrumentation

General Description of Safety Circults

The safety instrumentation of the LAMPRE I system may be grouped

into four classes: scram channels, rundown channels, annunciator

channels, and interlocks.
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Beram channel signals will produce reactor shutdown by causing the
control shim to drop to its least reactive, or down, position. Rundown
channel signals initiate automstic rod withdrawal with an attendant re-
duction in reactor power. Annunciator channel signals operste visible and
audible alarms which inhicate to operating personnel the existence of
abnormal values of system parameters. Corrective action must be initiated

by the reactor operator. Interlocks provide sequencing of certain opera-
tions affecting reactor criticality; they also regulate coolant system
startup procedures and provide for ventilation system control in the

event of fission product and sodium smoke release in certain areas.

Scram Channel Signsls

The sources of scram signals are:

a. Reactor period less than preselected value

b. Neutron level above preselected value (two independent channels)

c. Reduction of coolant flow to ~ 1% of full flow

d. Excessive temperasture indication from thermocouple located in

heat exchanger air outlet duct

e, Blide vslve at top of reactor vessel open

f. Manuel scram switch

g. Electrical power failure in control element drive system.

The periocd signal is obtained in a conventional manner from a log
emplifier circuit containing appropriate differentiation. The amplifier
input signel originates in a neutron sensitive ion chamber. The differenti-
ated amplifier ocutput signal is fed into = fail safe electrical switching
elrcuit; i.e., a Schmidt trigger employing a normally open plate relay whose
contacts are connected in series with the scram buss.

Neutron level signals are obtained from ion chambers feeding linear
amplifiers with trigger circults similar to those noted above. Coolant
Plow signals are obtained from & permsnent megnet flowmeter whose output is
recorded on a line-drawing, strip chart recorder. A low limit switch on the

recorder triggers the scram.
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A gross lesk in the heat exchanger would result in a sodium fire which
would ralse the air outlet temperature well sbove normel operating values.

A thermocouple will trip s scram channel when the temperature in this region
is about 100°C above the maximum expected normal temperature.

It is considered undesirable to operate the reactor unless the slide
valve which isoletes the fuel charger from the reactor is closed. An
electrical interlock will prevent control ghim operation if this valve is
open. The reactor operator mey shut down the reactor at his discretion by
means of the console scram switch. Electrical power fallure in the shim
actuating hydraulic system will autometicelly produce a shim drop by de-
energizing a normelly open solenoid-operated valve.

Tests have indicated that 0.01l5 gec after the scram signal has
reached the scram golenoid valve the shim will have begun to drop. An
additional delay of not more than 0.050 sec 1s introduced by the relay
circults associated with scram channels s and b ebove. Short delays in the
transmission of msecrem signals from sources ¢, 4, and e are of no consequence,
since these scram demands do not origlnate as 3 consequence of the nuclear
behavior of the reactor.

Rundown Channel Sipgnals

Certain malfunctions, or variations in reactor system operating para-
meters, meke it desirable to reduce the reactor power until the source of
the trouble can be recognized, evaluated, and removed. The occurrences
which have been selected to initiste automatically a reduction in reactor
power are tabulated below:

8. Reduction of Na flow below & desired level

b. Resctor coolant outlet tempersture higher than & preselected

value

c. Stoppage of air flow through heat exchanger air ducts

d. Excessive radiation level in heat exchanger air outlet duct

T




e. Presence of smoke in heat exchanger air outlet duct, in the Na

equipment room, or in the reactor cell

f. Temperature of Na at heat dump outlet plenum higher than a

preselected value.

Signals indicating that any of the above conditlons exist will
initiate automatic sequenced withdrawal of con:rol rods. The withdrawal
will continue until all rods are out unless the operator has been able to
reset the rundown channel circuits. He can do this only if the system has
returned to a normal condition. Any additional corrective measures must

be chosen and initiated by operating personnel,

Annunciastor Channel Signals

The annunciator channels which warn operating personnel (via visible
and audible signals) of low urgency, off normal conditions in the reactor
gystem are:

a. Leak in coolant piping system (signal comes from detection
system which traces the piping); this method of leak detection
is separate from the smoke detectors which can initiate a run-
down

b. High garma radiation levels at selected (seven) locations in
reactor area

¢. Na temperature at heat exchanger ouflet below preselected value

d. Graphite shield temperature above preselected value

e. Leakage of Na from inner reactor vessel

f. Door between control room and reactor cell open

g. Temperature of main loop heating transformer above preselected
value

h. Poor vacuum in gas disposal system holding tank

i. Na level in surge tank too high

J. Na level in surge tank too low

k., Cover gas pressure too high
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1. Cover gas pressure too low

m. Improper voltages on neutron level detectors

n. Improper voltages in remote area gamma radiation monitoring system
o. Instrument alr supply pressure too low

p. Pressure in shim drive hydraulic aczumulator too low

q. Loss of cell blower power.
Interlocks

Electrical interlocks in the LAMPRE I instrumentation and control
systems automatically enforce certain restrictions on operational procedures.
These interlocks may be grouped in the following fashion with functions as
indicated.

Shim and Control Rod Sequencing Interlocks. These interlocks provide

five operational restrictions:

a. All rods must be down before shim can be raised

b. Shim must be up before any rod can be raised

c. Rods can be raised only one at a tine and then only in a pre-
determined order

d. Only one rod (at a time) can be held in a position between up and
down and then only if the preceding rods in the sequence are up

e. Automatic rod rundown is initiated in case of a scram signal.

Vessel Slide Valve Interlock. This 1s an interlock between the shim

drive and the 10 in. slide valve which isolates the reactor vessel from the
capsule charger. The shim cannot be up, i.e., reactor cannot be operating,
unless the gate valve is closed. Therefore, the capsule charger cannot insert
fuel into the core unless the reactor has been shut down to a scrammed con-
figuration. This interlock is also listed in the scram channel tsbulation,
since opening the valve will produce a screm if the reactor is operating.

Cell Ventilation System Interlock. An sbnormelly high gamma radiation

level in the reactor cell, assumed to be evidernce of & reactor leak with sub-
sequent escape of sodium and/or fission producte, will stop the cell exhaust

blower.
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2.6 Coolant System

Components

The system which contains the sodium coolant is, in general, fabri-
cated from Type 316 ELC stainless steel. Figure 2.17 is a schematic of the
system and Figs. 2.18 and 2.19 show the coolant system layout. Components
will be described individually.

Piping. Sodium piping is 2 and 3 in. Schedule 40, Type 316 ELC
stainless steel. All weldments are made with an inert arc root pass followed
by coasted rod filler passes. Root passes are checked by the dye penetrant
method and the completed weld both by dye penetrent and radiograph. The
loop is suspended from spring hangers except at anchor points indicated in
Figs. 2.18 and 2.19. All welds are leak tested using a helium mass spectro-
meter leak detector.

Pumps. Coolant pumping is done by two ac electromagnetic conduction
pumps in parallel, each rated at 100 gmm at 20 psi head. Power to the pumps
is controlled by motor-driven adjustable auto transformers. Check valves
of the flapper type in the outlet of each pump prevent bypass flow.

Heat Exchanger. The heat exchanger, bullt by Griscom-~Russell, is

made up of finned sections which transfer heat from sodium to air which is
exhausted up a stack outside the bullding. Airflow through the unit will

be controlled by sodium temperature at the outlet from the exchanger. The
temperature will be sensed by a thermocouple connected to a self-balancing
potentiometer which in turn controls a pneumzatic operator which positions

a louver-type damper at the blower inlet.

Flowmeters. There will be a total of three electromagnetic flowmeters
in the loop;s one in each of the two 2 in. pump outlets and one in the 3 in..
piping between the vessel and surgg tank. The 3 in. pump meter was supplied
and calibrated by Atomics International.

Dump Tank. The primary coolant system is filled from or drained to a
tank which is located at the lowest part of the system. Sodium is pushed
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