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in the flow diagram shown in Fig..l.

I. Introductlon

The operation of the Fast Reactor is cqpsidergd in
terms of normal eqﬁilibrium conditions and normal shut-down."
The proposed loading, control rod adjustment and subsequent
"rloating" operation are discussed. Safety devices and inter-
locks are described. |

Temperature and feactivitj changes are examined with
respect to various system failures, phase changes, and "flashing"

of the reactor. Slow changes due to faulty slug cooling are

‘also consldered,

The calculations were initially based upon 10 kw
operation. Performance tests of the mercury system now in-
dicate that 20 kw operation may be feasible.

II. General Reactor Information

In‘order to clarify the discussion which will.follow.
brief descriptions of the 6doling system, safety circults and |

interlocks are given, together with heat transfer data. A

- physical description of the unit is included in.LAMS-567.

A., Cooling System Data

The reactor is an‘all metal éystem circulating mercury
The steel reactor pot rests in an 18 inch cube of
uranium,which is cooled on all faces by small water tubes,

embedded in an aluminum jacket.

NS

INCLASSIFER -




53

2...

GAS

ACCUMULATOR ‘E SUPPLY | ,*. ’!SS/F/f”

TANK

/ FLOWMETER - |

POT
HEAT EXCHANGERS

A

el #2~ [

S

DUMP VALVE

TANK

MERCURY FLOW DlAGRAM
qu 1

SUMP C
a UIE.GLP\V». - ‘-1 ;j 5

LIC R

8



'
o?

1. Heat Capacities

The heat capacities of the lmportant parts

of this system are:

Table 1

Part Material Specific Heat Mass . Total
Heat

(cal/gm®C) ; Capacit
) {cal/0C)

2. Heat Traﬁsfera

(a) Pot to Tamper

Measurements with static mercury in the pot

\4
;ndicated that a 59C temperature difference eilsted between the

Fissionable Pu slugs 0.03 35 slugs @ 450 gm 470
Material
U slugs 0.03 . 20 slugs @ 600 gm 360
U spacers 0,03 55 « 30 gm 50
Jackets on Fe 0.1 55 & 45 gm 250
slugs -
Mercury in pot lig 0.03 9 kg 270
Steel Pot Fe 0.1 .~ 4.5 kg
(active region) 550
Squirrel Cage Fe 0.1 ~ 1 kg
'Heat Exchanger Cu 0.09 - ~ 500 kg 4.5 x 10%

pot and tamper for 20 watts of heat ( e - power) in the plutonium

when no tamper cooling water was circulated.

(b) Heat Exchanger

Preliminary tests at normal flow rates show

\ ]
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that the Heat Exchanger outlet mercury temperature approaches

. the outlet water temperature within a few degrees. Most of

the gradient occurs across the mercury tube walls.

{¢) Slug Gradients

Heat gradients will exist in four regions
in a slug: through the plutonium bar, ascross the gas space,
across the steel can wall, and across the mercury fllm on the
outside of the can. An estimation of the heat gradients can
be made as follows: '

(1) Plutonium bar

The heat flow from a section one cm

d
long is - kA a%‘ where k 1s the coefficient of thermal con-

‘ductiVitﬁ, A is the surface area of the section and dt/dr the

temperature gradient. This 1s equal to the heat present in a
volume which varies in radius from r to the maximum radius of

the slug r,. If Q ls the number of calories per second in the

~entire slug of length.L, % P2 is the number of calories

To

in a 1 cm long section of radius r.

- at Q P
k (2 n I'o) I - SR

and AT .

soee




If the heat is considered to be produced where r = O then

_ Q
AT = I Ix

For the proposed loading of 35 slugs and at 10 kw
powser an average power of 300 watts per slug can be conslider-
ede L « 14 cm and k = 0.02 cal/cm?/sec/OC/cm. AT wx 20°C u
temperature drop across the plutonium,

(2) Gas space
The heat flow across thls space can
be written ' $
~x (2 E£ .3

or

Q
AT = TRz A7) dr
where dr ~ 0.001 cm or less and k for helium « 3 X 10'4.

r « 0.82 cm and Q « 120 cal/sec.

. T £ 59

(3) Steel Wall

The preceding equation in section (2)
will apply here and for r = 0.86 cm, dr=0.05¢m, and ¥'for steel «
0.1, aT = 1°%.

(4) Mercury film coefficlent

A simple underestimate of the mercury
film transfer coefficient can be made by assuming conduction

aocross a stationary layer 1 mm thick, .

h s 9202 ealjc 2fgec/°C Cl_ - 0.2 cal/cm? sec © C

et oo o0s 0;1‘3811'.
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Q
h (2n r)L
Measﬁrementiat Argonne transmitted by
W. H. Zinn give the relation h . 2400 V08 BTU/rt? °F hr. In
a mercury flow of 3 L/min and for 9 kg merocury present in the
pot, the linear flow of mercury by a slug is about 68 cm/min
or 134 fﬁ/hr, or '

h « (2400) (50) w 1.2 x 109 BTU/rt2/°F/nr
« 16 cal/cm2/sec/°C.

Using this film coefficient, A T ~ 0.1° C.

The sum of the heat gradients across a slug is

across plutoniunm 20° C

across gas space 5

across steel wall 1

across Hg film 10 (overestimate)
35° ¢

3« Heat Loads

The heat load to be moved during normal operation _
1s assumed to be 10 kw from the fissionable materlial in the pot,
2 kw from the tamper (appears as heat in the tamper cooling water)
and 3 kw from the electromagnetic pump (this appears as heat in
the mercury).

The heat load t¢o be removed after a shut-down cgn
be sqparateq into two parts: that due to the delayed neutron

fission and that due to heating from 4 and y rays from the
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fission products. The curve shown in Fig. 2 indicates the
two parts. The heat due to the delayed neutron fission 1is
calculated for a change of k (due to the removal of the safety
block and two safety rods) of 2.5 percent.¥# The instantaneous
power drop is calculated from the following: Assume that the ',Laf'i'
reactor is operating at a power level, Pl' When an amount of
k is removed by dropping the safety block and rods, the power
level falls with the time of the k removal and the delayed
neutrons left constitute a new sourcs (y f)P1 which, however,

is nmultiplying proumptly with a multiplication 1/(1 - kp).

Hence Py = Py f) . Pi(y £) "
1 - kp (l-k) ¢4y f

-

If k is changed by 2.5 percent, since 7 f = 0.,0025,
- :

2 ) '
T o= fractional power = 0,0025 = 0,001,

This fractional power then decreases with the decay of the
delayed neutrons and can be calculated from the delayed neutron
periods.

The heat due to the fission products can be found
as follows: The energy release from fission is about 200 Mev

of which about 15 Mev is due to .y and s rays from fission

#
Total k removal is now placed at 2.8 percent because of the
addition of 2 safety rods made of Blo which will fall into

the active region of the tamper when the uranium safety or - -
shim rods fall out. R

e »
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products and is delayed heat. It is shown in lionFP-147 that
if a pile is run at steady power P for a period of M seconds
and G(T) 1s the rate of heat production at time T after shute-
down the fraction of the operating power which 1s still being

generated by the fission products T seccnds after shut-down is
T ¢« M

G{T 2.7 <1.2 _ 0. .
P( ) ® 500 / t 1 dt « 6.7 x 10 2 [‘I‘ 0 2"(T + M) O 2]
T

The curve shown in Fig. 2 has been calculated for 100 hr
operation. The smooth curve is the sum of the delayed neutrons
and fission product heat decay curves.

4, Flow Rates

Preliminary tests of a complete mock-up of the
reactor mercury system have given data upon which the following
estimates are made. The connectlons shown in Flg. 1 are con-

sidered and counter flows are used in the two heat exchangers,

Power lg_gﬂ 20 kw
Hg temp. into pot 20°¢ 20° ¢
Hg flow 6 L/min 8 L/min
Hg temp. nut of pot 75° ¢ 140° ¢
Pu temperature 110° C 210° ¢
Water flow 7 L /min 7 L/min
Water temp. into Ixch.#1 10°%C 10° ¢
Water temp. out 30°¢ 500 ¢

onoes
apne
(1 X ]
[ X X J




0% 3% 2% s W% o
- 13 - W
Fower | 10 kw 20 kw_
Hg temp. out of pot 20°¢C 20°¢
Hg temp. into pump 20°C 20°¢
Hg temp. out of pump 37°C 370¢
Water flow 3.5 L/min 3.5 L/min
wWwater temp. into Exch;#2 10°¢C 10°C
Nater temp. out w 259 259¢C
Hg temp. out of Exch.#2 20°C 20°¢

About 2 kw of heat at 10 kw operation will be
developed in the uranium tamper from 25 and 28 fissions. For
a temperature rise of about 30°C of the water a flow of one
liter per minute will remove the hesat.

B. Safety Devices, Interlocks and Indicators

Table II 1lists the various safety devices and inter-
locks which will shut down the reactor by causing the safety
block and two safety rods to drop. Also listed are measuée-
ments which will be indicated by trouble lights and a buzzer.
This table does not include all of the measurements which are
routinely taken. Many of the measurements are not necessary
for safe operastion but serve for calibration purposes and are
therefore only retorded on a tape or in a log book.

A sequence circuit is incorporated in the operation

of the block and rods. The order in which the resctor has to

be started is that the safety block must be up before any rods

can be moved up, then the safety rods can only be moved one at

e [ 3 - e
[ 4 [ 4 [ &4 [ d (&4 o o
L [ ] L d L] L
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a time, and finally the control rods can be moved one at a

time, and one must be up before the other can move. Also, if
a rod should accidentally be left in the up position when the
reactor 1s shut off it 1s impossible to move the safety block
up until this rod has been brought down., The speed at which

the rods will move up will not exceed 0.1 inch/sec.

Table II
Measurement | Method Interlock Troubhle Light
and Buzzer
Neutron level 25 ion chamber | yes yes
Neutron level 25 i1on chamber yes yes .
Buckling Galv.
Log level and derivative 25 ilon chamber yes yes
Temp. of central slug Thermocouple yes yes
Hg flow Magnetic fleld yes yes
(pressure difference)
lieat exchanger water flows Flowmeters yes yes
Tamper water flow Flowmeter yes yes
Temp. of pot outlet Hg Thermocouple no yes
¥ax. temp. of heat exchanger Resistance therm. no yes
water
Max. temp. of tamper water Resistance therm. no yes
Three phase windings on Hg no yes
pump ' '
Level indicators for Hg supply no yes
tank
Temperature of Hg pump stator ‘ no yes
Hg drip indicators beneath Hg no yes

pump, tank, heat exchanger -

Water dplp indicators beneati]
heat exchanger

[
[ ]
s no yes
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It is planned to run the mercury pump from a 50 kw generator.

* oo

In the event the city power fails the reactor will shut down
but the pump will continue and essential circuits will auto=~
matically transfer, thereby providing shut down cooling and
power level observations,

C. Contamination Problems

Many sources of contamination and health hazards exist
around the reasctor; and in order to minimize the danger, de- ‘
tecting instruments are incorporated wherever possible to monitor
the hazards.

l. Mercury System

The saturated activity of the mercury will be
about 100 curies per liter and the system will contain about
17 liters (See Section VII). Small leaks are collected and
known by "drip" indicators., Leaks from the pot into the tamper
will be detected by a G. H. mercury vapor detector sampling
the helium stream which flushes the tamper. A.G. Me tube will
also detect any radiocective vapor., The tolerance for mercury
is 0.1 mg per cubic meter of air. A G.M. tube can detect 10-%
tolerance for one count per second. In the event of a large
legk~-such as a break in the pump {(the most probable place)--

the mercury will run into a trough which will lead to the lead
shlelded dump tank.

2. Slug Leak
A leak in a slug will be detected by a neutron
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counter placed near a pot exit mercury pipe. The delayed
neutrons from the fission of the plutoniun in the mercury
will be detected,

3. Water System

The water output of the heat exchanger will be
monitored by a G. M. tube to detect thé presence of any radlo-
active mercury in case of a leak In the heat exchanger.

The tamper cooling water will be monltored and 'will
also be sampled and counted at intervals. This water is waste
water and should not be allowed to go down Los Alamos Canyon
if the activity is above tolerance.

4, Helium System

The helium (which flows slowly through the tamper
in the gas seal 1s releassd to the atmosphere at the top of
the building) will be filtered before releasing and will also
be monitored by a G« Me tube in the stack. The relative
humidity of the exit hellwn will also be monitored so that
a water leak 1iIn the tamper cooling jacket can be detected.

D. Reactor Loading and Floating Operation

The over-all temperature coefficlent of the reactor
is about =1.1¢/° C measured at 1 watt. The loading of the re-
actor must therefore contaln enough excess k to compensate
for thls at plannsd operating temperatures. It is planned to
load so that with the two control rods completely out about

$2.00 in reactivity is avallable. Fine adjustments on the
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amount of avallable reactivity can be made by the step character
of the safety rods. One control rod can also be adjusted in
weight so that it can control less k. .

The over-all temperature coefficlent can be separated
into the coefficients due to the mercury, plutonium and steel
by considering the relative expansion coefficlents and subse-
quent densiﬁy changes. The temperature coefficient for the
plutonium is calculated to be about - 0.3¢/° C if the linear
coefficient of expansion is taken to bes+ 5 x 10-6., For mercury,
the temperature coefficient is about - 0.4¢ and for the stecl
about - 0.4¢. Recent measurements done at 100 watts give - 0,3¢/° ¢
for Pu and - 0.2¢/0 C for mercury. The tamper coefficient was
not determined because no tamper temperature change was observed
during the expsriment,

After theltemperature coefficient has been measured
at higher powers during the start-up measurements the control

rods will be set so that at 10 or 20 kw operation only 5¢ or so

'of reactivity 1s left in the control rods and hence the reactor

will "float" at this level and cannot rise further in power
unless the reactivity 1s increased by inserting active material
while the reactor is operating or by a phase change of the

plutonium. The phase change will be discussed later.

III. Normal Operation

A, Start~u2

In the discussion which follows it is assumed that
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the reactor is being taken to 10 kw and further that criticallty
exlsts with about three inches on one control rod, leaving
about 75¢ avallable in one rod. We examine what happens when
the rod is moved in at various speeds in terms of periods and
powers existing at various times during the rod motion.

Assume the reactor initially below critical. At
critical the neutron level is the number of source neutrons

multiplied by the prompt multiplicatlon.

At critical M . « 1 - 1 - 400,
. P T = kp 1 - 0.9975

Source neutrons « 5 x 10° n/sec, hence the power at
the time critical 1s reached 1is

(5 x 10°) 400 n/sec

-3
= 2 x 10 watts.
3 (3 x 1010) n/sec watt

In order %o reach an operating level of 104 watts, the power
must rise by a factor of 107.

The reactor power equangn is _%%_ =a P, where P .

Power, a = 1/T, T is the e-folding time of the power. a 1s

a function of reactivity, which is assumed to increase linearly

with time, due to the control rod motion,

t
P
1n —p;——~ = Jr a dt,
(o]

or, using Simpson's rule for expansion,

§ t
a a
= 73 [:ao* a4 ) odd ¥ 22"even:l




where 6t is the time interval betwsen successive alphas.

a o is taken to be O when the reactor is just critical. a, is

taken to be 2, 1, 0.5, etc., depending on the minimum period

pezmissible.

For convenlience we take successive units of reactivity

wbich are added to be 2¢ From the ¢ vs a relation the ¢ sums
i‘ .
cﬁn be found for additions in reactivitj of 2¢ and the Jra dt

evaluated for different a n* From this we can find & t, the

, -

time between the additions of 2¢ of reactivity or the rod speed

necessary to produce the chosen minimun value of T. Table III

Table III

Figfgah‘Ti .,ﬁg_l'.- ‘fq at s t/2¢ ¢/sec R(¢)
Siec) (sec™?) - ) (sec

0;5,- : o 2.0 | '1é’ ot 1.33 1.5 88

1é§h: . 1.08 7.255 t  2.21 0.9 82

200 . 0.495  5.045t 4.06 0.5 72

5,0, 0.205 1,596t 10.0 0.2 58

éﬁ» ~ -Thus, e.g. 1f the rod is run at a speed of 0.9¢/sec

————

(: TLFO 1"/seo if the 10" rod ~ $1 OO) for 82¢ (about 85 sec¢)
the reactor would be at 10 kw and on a 1 second period. This
iq not a deslrable operation and is merely indicated to show
that if the rod were driven in at the highest rod speed possible

(and actually farther than 1t could g0 since it is planned to

3
(XXX
®
eee

’ 7_ ’ . . ““
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only leave about 75/ in the rod) the minimum perlod would

FEE fF. .
still be only one second and the 1evel and dorivative safety

circuibs would stop tho reactor.

_,___,:.

thaﬁ time, and the time thereafter required to reaoh 10 kw

o the poriod present.

Calculations are made for rod soeed

LAM®Y 33

] 102536

26! Fed
. aag_::gy“"» e A
3 inchesv

30 sec

72 83c

I

83l 860 -

1—-.
lm _—

!‘.":

The gbéve indicates that if the derivative safety 1s set

‘l

rimg of
qu motion

Distancc
Boyond
britical

_1 inch

‘2 inches

4 inches'

7e2 in&heé '

8 2 inches

,5 inches.."f

'¢ added

Périoh'bf end Power
of rod motion

1 w0’ p

(sec)

12; | 1,03 P_
50 1.2 P
e 7. o
13 3.0 P
| 8 _ 8.1 P

- . . * . 3
2 6x10 P,

)

o

Time to
rasach 10 kw
(min)

- 33

13

645

-0

15 sec

to

operate on a 2 second period and only 75¢ is available on a

ﬂ"i

rcdggnd £he rod is run all the waJ up the minimum period

i

. Wiil be 2 seconds and the power 1evel will be about 30 watts




B | :.. :" o.o : o.‘o o“ \ o ‘ ' v Vf t%v':"
e o6 06 ¢ [ [N oo
e o T : o [} o' L] see ‘o - -
: ) . .oo o:o :oo o:o :oo .:o.. a R
o } : L L%y 20 e 3 ‘e
15“?§§§ﬁ3d if the derivative safety failed-to operate. Tﬁe’ e
1eve1 safety would then stop the reactor before the power -

had reached an excessive level.

. <A typical method of bringing a reactor to power

w0u1d be to start the rod in at a speed of 1¢ per second,‘
allow it to run for 40 seconds, at which time a 13 second '
periodgwould be present. If the reactor 1s then allowed to

9§§i§te on this perlod the power would inorease as shown below. i o

" Time Power Power (Po » 2 x 10° -3 watts)
"1 min 100 (3 Pg) 0.6 watts o

This means that within an elapsed time of about two minutes

P o p——

the resctor power level would be clearly observable, which 18'

T s — — . el e [R-

e‘Bafer condition than if it wers brought slowly to about l ;f&;

Watﬁ over many minutes,’

- o
« TF e S

o At one minute the rod could be returned to a reactivity

of ab993,20¢ where the period is 50 sec and the power would in-ﬁwr'v
c?éase as follows from that time. : T : e ifi;‘
i:**'*~ff~——d 2&&2 V;i'. ~'”H . .7223§£ | " .,:ﬂ:’{v:‘ wn%i;’v
0 0.6 watts T
1 “ _ _'év._watt'é,": g
; 2 7 watts L
e 5 , 240  watts | L
3, After 5 minutes the reactivity could be reduced to : i
euzfow period and 10 kw approached very slowly. h h “)h:'f¥3¥§
’ - SUed T

Tle e e ees e
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-7flf’7, The abOVe discussion neglects the effects of the

increase of the prompt multiplication due to ﬁhe increasing

rQACtivity. .
-.‘_,_; l . ot - ' . 1 N e 1
M and M -
p" (1 - kp) P*T - (kpg+8K_t) 1 - (kpp+ X, £ .sec)
LT . S %5t 7 sec
:f.;-.‘.: ,vjﬁ o L. l - - I..-
IR T ( kp,) %6 - (Rod Speed) (Time)]

wﬁgre kpo is the prompt multiplication ‘at critical- 0.9975

w&a f%ﬁ"i' 2. 5 x 10 -5 g;%gigg .

II this effect is included in a step-fashion in the

|

A

power vs. time curve for a rod speed of 1¢/sec the following

4"*

derr"*ise 1s obtained. o LRIE
,Ting ' i Power
.0 inches 2.0 x 10'5 watts
100 2.3x 107 -3
S o va
20 8.2 x 10-3
- 4.8 x 10°°
A 50 . 3.4x107°
N 70 10 watts
G- 0 80 o 20 kw
- ) The effect of 1nc1ud1ng the.prompt mulfiplication
vhange is, of course, a higner power 1evel than is calculated
neglecting the prompt multiolication but the period remains
'.:'77;7 o ' i * 3‘ e 4 6- oA [ ‘
S Pinoi. iE.e



,to circulate for a given time. The required circulation time .

T R e Y TR e
Come e . R ER) C RS L SRR Y L O

tﬁe'same. Tne power level reaohed at the maximumkrod speed

3 s~
R an. " :"tm L't

grnot excessive, even 80 and no serious trouble would result

eVen if this should accidentally occur through operator ’:'

negligence.

- -
—_———

The effect of the negative temperature coefficignt
ST e JUDRREE ,c‘(’“‘wﬂ
is very small since the value for the plutonium coefficient

-

(assuming instantaneous heating) is only about -_Lgéc

kilowatt. The effect of the total temperature coefficient

X Pl

which is about - ——----z per kilowatt will only be important

ro-

per

B CURE N

after times necessary for heating of the entire assembly

id——‘»

(material, cage and mercury). It could therefore have little

effect on constant and moderate motion of a control rod.,,

B.' Eg_uilibrium Operation at 10 kw

;l'iﬁ¢7 The equilibrium temperatures and flows will be some- o
S 1 oo V“ o BRI S
what as shown in Section II-A 4.

=

7C. Normal Shut-down

The normal reactor shut-down consists in dropping

can be estimated from the rollowing considerations.

-7 The instantaneous power « 10 kw-2 4 x 10° cal/sec.

(ﬂssume that the time required for the safety bloch and rods to_,

drop out is sbout 0,1 sec. This 18 an over-estimate, but will

Y oLEl Lty X =
.

ba used as a pessimistic value ) The shut down power in the

P e T o
b3 RO S

meroury will be due to fission from delayed neutrons, L and ¥

o e et st
o i PO ¢ L AT e

XY
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razvlfrom fissionbproducts and the heat put in by the mercury
.FNQEL_ Sh”trdown 1n k due to the removal of the block end

'rods is about 2 5 percent, which brings ‘the fission power to

r——v'r‘ ’“#F —

about 9 percent of its initial value (See II-A—&). The,e and

é_i"""“—

Y- rays will contribute about 7 percent of the initial power

o0

‘ J(For 100 hour operation). Hence, the power given to the mercury

. N o -A } “ 5& T oAl
:from the reactor O l second after shut down eignal 13 about
ARSI

'filﬁnpereent‘of the init{al value. Thereafter the power diminishes o

lw -

<8 é@yly with the decay of the delayed neutrona and the fission a

ﬁ.,.mn J -
Iy

.“,:Qfoducts (See Fig. 2). In about one minute the power is about

.‘

'tw (500 watts) of its initial value and the reactor
L_upplying only about 6 peroent of ‘the total heat load.
;;??h '5£ssumin5 60b rise in mercury temperature flowing |
gbiiéhqthefgot,ithe mercury removes heat from the pot at 'T'l;
?é:£éte“o§.about 4 2

40 cal/° C sec.

B Since the heat source decays to ebout 300 watts in

P I

< e minute,.within a few minutes the plutonium temperature

:.va_ rom?

%e ohly about 20 C above the mercury temperature entering the

1
Jg;.,‘ LAt 1 minute Power = (0.03) (2.4 x 10%) « 72 cal/sec.

? ercurz removes heat at rate of 40 cal/° C a 20 C temperature

= *~'~~u~r ::?7./'.,- a o L

iifference will exist

o
o
e
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At this point the pump could be shut off. The

mér*ury and plutonium now contain a slowly decreasing heat

source “of asbout 30 cal/sec (Power at end of 5 minutes ~ 100 watts)

which would cause the materials to increase in temperature at

gbout 1° C/min if it were not for'the tamper surrounding. Measure=-

rents made with statile mercury at 100 watts operation showed

Hmn— -

sg; sentially equilibrium plutonium temperature of 37° ¢, a

U

W

mercur?‘temperature of 310 C, and a temperature increase of

O 46¥C/min when the power rises from ‘0 - 100 watts, Shut-down

at 100 watts indicated a cooling of about 0 Jo C/min. The =

heat‘transfer to the tamper as measured from the a power in-
dicates tnat for lOO watts a temperature difference of about
20° ¢ will exist between pot and tamper. Hence, the mercury
?nd plutonium temperature will slowly fall to about 50° C,
Convective cooling will play a small role because of -the partic-
ular design of the circulating system. Figs 3 11lustrates the

g -

expected cooling curve during normal shut down.

Power Outag

e — As mentioned before, it is planned to operate the

vﬁﬁ?@ur; pump from a 50 kw Diesel generator. In event of
generator failure the 1oad is automatically switched to city
pGWer. If the city power fails the reactor will shut down

but the mercury will remain circulating to provide shut~down

*cooling. o .: Ty ;u ote oo
A . LR . ,,: : : ,: * [ Y )
[ ] e o
T A
ee o e o .

-
r
frj |
L
Bl
11
!
LN
)
YY) -
o e
.
-
°
[/ .
°
L )
-
®
* o
o ®
<
L]
L4 L)
)

eoee -
seoad
°
(XS Y)
Y

NITY YT IS
.

v



T LTI R S
¥7L 7 Distance o
iftifi4>i?;o S 4”f.Cehter.' Al}O?‘
" | Edgéiof‘§9;'0;5
6" Tu 0,16
| Rt 6" steel 0.07
T ien T gt . 0.04
BRT-L "“'i Sbﬁ laminated B -10
- - shield 4x10
"ffijfEV" ;, . lBh.concrete 1l x 10'12
- Ihermal ( Column -
ﬁ%lfi;;,-,"f The face of tho thermal column is covered with

4.‘-“,_.‘

‘_.;A__.&Hi
425 inches of boron plastic, 0.040 inch cadmium sheet and

;**_lli .

8 inches of lead. The flux at the face of the column 1s about

'5’3?108 for 20 kw operation. 2 25 inches of the plastic causes

a. F*duction of lO6 A The shielding appears adequate.

VST L

Reactor power start-up will consist, in part, in the

measuremeht of the fcllowing.
, Awﬁ‘w*w e e e

"_Temperature_coefficient.:' .
Pouer versus control,rod speed at very low powers.

'Temperature gradient"across a slug at various
powers.‘

Temperature gradient from pot to tamper after
shut-down.

Power versus temperatures with no mercury cir-
culation. .

Plutonium and mercury cooling at low powers
after reactor shut-down (with and without mercury
irculating). L

S .. ee

Power decay after shut down.
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VIIL. Gonclusions

Ahave over-estimated_the expected trouble, It is believed

. ®9%es

Becauee the reactor has not been operated above

i, s . . e e
T e e - - ety e e

140 watts speculation about its characterietics at higher ;
powers is difficult. We heve, in this discussion, tried

— . B . . — - L e
2 .

to examine all dangerous conditions which might'erise during

peration and Where definite information was not available

t&ét‘éii’aAngéEbﬁs conditioneﬂhave‘been considered and the
prbb Bility of occurrence minimized through the eafety cir-

cuits, warning indicamors, end the plans of operation. The. o _
S
ezperimental information whicp has been obtained has served

W o

to“dbnfirm this belief. It is planned to operate the re- N

Py u-——ﬁ——-— ) et g ,."“.l‘_? Eaddrt l'.»"

aég for eeveral months at low power (100 watts) without - o
M "= - S A Tame s ({ P

mercury circulating in'order to obtain information which

ot

is considered useful to other reactor groups as well as tc

oureelves.' During this low power operation more observations

ot the reactor behavior will, of course, also be made.
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