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ABSTRACT

The first experiment (LAMPRE I) in a program to develop molten
plutonium fuels for fast reactors 1s described and the hazards assocl-
ated with reactor operation are discussed and evaluated. The reactor
description includes fuel element design, core configuration, sodium
coolant system control, safety systems, fuel capsule charger, cover gas
system and shielding. Ianformation ¢f the site comprises population in
surrounding sreas, meteorological data, geology, and details of the
reactor building.

The hazards discussion considers the probable consequences of
loss of coolant pumping, electrical power failure, and the malfunction
of the several elements comprising the reactor system. A calculation

on the effect of fuel element bowing appears in an appendix.
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1, INTRODUCTION, SUMMARY, AND CONCLUSIONS

1.1 Introduction

The Los Alamos Scientific Laboratory 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 burn-up and in-place reprocessing.

The first reactor in this program is called the Los Alamos Molten
Plutonium Reactor Experiment Number One (LAMPRE I). The design power of
the reactor is 1 Mw, which will result in an average specific power of
40 w/g of fuel. This reactor is intended to serve a vital function in
providing a facility to test materials 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 Laboratory.

Power operation is planned for early 1960.

1 .  Summary

The fuel, Pu - 2.5 w/o Fe, is contained in tantalum capsules with
a 0.376 in. i.d. x 0.025 wall and 8 in. length. There will be 175 g of
fuel in each capsule and the calculated number for criticality is 143.
The internal reflector and core are cooled by series flow of sodium and
are doubly contained by a vessel having an 8-3/4 in. i.d. At full power,
the coolant flow rate is 133 gpm and the average At across the core is
113°¢C.



The sodium coolant system, of 316 ELC stainless steel, employs
a.c. electromagnetic pumps and a finned tube sodium-to-air heat ex-
changer. Zirconium-filled hot traps are used to reduce sodium oxide
content in the coolant. Coolant cover gas is helium passed through a
NaK bubbler. Cover gas pressure 1s sgbout 25 psi.

Reactivity is controlled by the use of a shim and four control
rods vhich are external to the sodium vessel. Control element actuation
is hydraulic. A scram drops the shim under acceleration by gravity only.

Fuel capsules are replaced in the core using a fixed charger
which, iﬁ addition to gamma shielding, is designed for contairmment of
alpha-active contaminants.

A gas disposal system has been installed fo handle safely fission
product gas resulting from a capsule rupture.

The possible hazards associated with the start-up and operation
of LAMPRE I 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 failure of various components, to the
consequences of large positive reactivity insertions, and to the

establishment of safe handling techniques for the fuel.

1.3 Conclusiouns

Analysis of hazards potentially present in the LAMPRE I system
leads to the conclusion that the large negative prompt temperature co-
efficient resulting from the thermal expansion of the ligquid fuel makes
this reactor unusually safe. The maximum credible malfunctions of the
system are estimated 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 saquencing have been designed to minimize to the point of impossi=~

bility any power excursion of sufficient magnitude to vaporize the

- 10 -




sodium coolant or to melt the fuel container. As with any system using
high-temperature sodium, sodium flsmnability represents one of the prin-
cipal dangers to the experiment. A sodium fire might terminate the
experiment, but release of radicactive smoke to the atmosphere is pre-
vented so that personnel will not be endangered. There are provisions
for alpha particle containment in various phases of fuel handling in
order to guard against any hazard resulting from rupture of a fuel

element.

- 11 -



2. DESCRIPTION OF THE REACTOR

2,1 Type and Purpose

LAMPRE I is an experimental test reactor which will have a molten
plutonium alloy fuel operating with a fast neutron spectrum. The reactor
will be used to investigate (a) the feasibility of using molten alloys of
plutonium as reactor fuels, (b) the satisfactory containment of such
fuels, (c¢) fission gas disengagement from the molten fuel, and (d) the
suitability of this reactor concept for fubure power breeder reactors
using similar fuels. Figures 2.1 and 2.2 are plan and elsvation layouts,

respectively, of the reactor installation.

2.2 Core Configuration

The core of the reactor is made up of an arrsy of tantalum capsules
containing plutonium-iron alloy fuel. There are locations for 199 cap-
sules, some of which will be occupied by unfueled reflector pins.

Figure 2.3 is a cutaway view of the core region. Cooclant sodium enters
the resctor vessel and flows downward through an annulus to the bottom
of the vessel. From the bottom the socdium flows up through the bottom
reflector into a plenum, and then through the capsule locator plate into
the core. After flowing past and receiving heat from the capsules, the
sodium passes 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 Jjust below the turn-around plenum. Within the catchpot a

- 12 -
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diluent plug of Armco iron is provided, with holes drilled so that there
is about 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, with about 17% of the cross sectional area for sodium flow. The
capsule locator plate is l-5/h in. thick stainless steel, the top of
which has been faced with a 1/L4 in. thick sheet of tantalum. Sockets are
drilled in the tantalum plate on a 0.497 in. triangular pitch to locate
the conical capsule bottoms. The purpose of the tantalum face on the
locator plate is to prevent leaking fuel from soldering the capsule tip
to the stainless steel plate in the event plutonium enters the socket.

The lower part of the reactor vessel is double-walled, with no
pipes entering the region. The core camnot accidentally be drained of
coolant unless there is & leak in both walls of the double containment.

A small line, by which the vessel may be drained if necessary, extends
from the bottom of the catchpot through the sodium inlet pipe.

Capsule handles, described below, constitute the upper reflector
and also part of the radiation shield. Above the vessel sodlum ocutlet
the capsule handles have a hexagonal cross ssction and extend to the top
of the vessel. The top of the vessel ig fitted with a 10 in. slide
vacuum valve which will be closed when the reactor is operating.

An ennular shim moving outside the sodium vessel furnishes coarse
reactivity control. Vernler reactivity control is provided by four
separately actuated control rods which are portions of the shim annulus.
Above and below the shim are stationary steel shields. Surrounding
these two shields and the shim is & flue which aids in cooling the boron-
impregnated graphite immediately outside the flue. Figure 2.4 shows s
horizontal cross section through the core. Figures 2.5, 2.6, 2.7, and
2.8 show the bottom reflector, catchpot and diluent plug, flow divider,
and locator plate, respectively. TFigure 2.9 is a photograph of the
vessel.

(Text continued on page 23)
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2,5 Fuel Blemsnt Design

Figures 2.10 and 2.11 show details of the fuel capsule; Figs. 2.12
and Z.135 show the complete element. In Fig. 2.13 a fuel element is sus~
pended outside the vessel (to the left) but at the same elevation relative
to the vessel that it would have if it were in the core. The fuel capsule
is deep drawn from high purity tantalum and has an inside diameter of
0.376 in. and a 0.025 in. wall. The bottom six inches of the capsule
will contain fuel, and fission product gases will accumulate in the re-
maining 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 gbove the point where
the capsule is screwed to the handle is & locabtor 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 diameter of 0.375 in. The remainder 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 occupied by reflector pins.
The reflector pin is a solid stainless 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 passage through
the wrench which unscrews the handle.

Specifications for the plutonium alloy fuel are listed in Table
2.1, Corrosion of tantalum by this fuel has been investigated using
rocking bomb furnaces with a temperature differential of lSOOC over
several temperature ranges. With a high temperature of 700°C, 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 a very low level
of interstitial impurities in the metal is essential to prevent inter-
granular attack. The heat-affected zone of a fusion weld is more subject

(Text continued on page 29)
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Fig. 2,11 Fuel capsule.
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Table 2.1
FUEL SPECIFICATIONS

8., This gpecification defines the fuel composgition, impurity
limits, and analytical resgults for acceptance of LAMPRE T fuel slugs.

b. A melt analysis will be accomplished and submitted to
K Division before final machining of the fuel slug. The following

defines the impurity limits of certain elements.

Element Concentration (ppm)
0 < 50
C > 4 x the Oz content
P Reported

¢c. The iron content will be within 9.5 to 10.5 a/o
plutonium-iron material.

d. The source of the iron will be cast iron powder
in melts 3280 and 3kLé6.

e. Fuel production techniques are to be similar to
melts 3280 and 3L66.

f. The Pu2% content will be reported on the basis
production history of the plutonium used.

g. The weight of each fuel slug will be 175 + 2 g,

based on 100%
as was used
those of

of <he

h. As & result of the preceding fuel requirements a typical
chemical analysis on an acceptable fuel lot should be ag follows:

Element Concentration (ppm) Element Concentration (ppm)

i < 0.2 la < 10

Be < 0.2 81 Lo0-800
Na < 10 b < 20

Mg < k40 Cu < 10=50
Ca < 5 Mn, 100-500
Al < 35 on < 20

Bi < 20 Cr 20=T70
Ag < 10 Ni 100=-500
n < 100 C > 150

Co < 10-50 0 40

B < 5 " < 4F

F < 5 g < 20

i. Deviations from the above specifications will be

by K Division and will be subject to walver.

- 28 -
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to intergranular attack than other regilons; for this reason the cepsule
is deep drawn and the fusion weld at the cap is made in the gas region
which is out of contact with fuel.

The plutonium-iron phase diagram is showvn by Fig. 2.14. Thermal
expansion properties of the fuel are given in Fig. 2.15. The thermal
conductivity of the molten fuel alloy is about the same as that of

stainless steel. The measured value is 0.20 * 0.01 w/em °C at 500°C.

2.4 Core Physics

The calculational methods employed in estimating some of the
basic nuclear parameters of the LAMPRE I core are based upon the S4
tfansport scheme for spherical systems.l Empirical methods were used
to convert spherical system results to the corresponding values for
cylindrical systems. The values of some LAMPRE I parameters were ex-
perimentally determined from studies made with a critical assembly.

The program carried out with the assenmbly designated LAMPRE Critical
Experiment Number Two, or LCX II, is described briefly in Appendix A.

The following steps were involved in the calculastions and
conversions.

1. ©Spherical S, core calculations were performed for constant,
gpecified thicknesses of reflector materials, using, in turn, the re-
flector thicknesses taken from LAMPRE design in three different directions:
top, side, and bottom.

2, From the gbove calculations, the infinite media buckling and
reflector savings were obtained for the spherical systems. The material
buckling for the cylinder is computed from the average of the spherical
system bucklings (reduced by 2% to account for inherent systematic errors).
To obtaln the reflector ssvings for the cylindrical system, the spherical
reflector savings were multiplied by empirical factors 0.8566 for the ends
of the cylinder and 0.937 for the side.

-29 -
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%, The cylindrical mass was then computed from the formulsa

2 2
BE = kil > + (.%:_)i?ﬁ__>
+ +
H + ST 6B R Sr

The core volume fractions used in the computations were:

Fuel alloy 0.5001 (p = 16,051 g/cm® at 550°C)
Tantalum 0.15403
Sodium 0.34587

Slightly different comstants will app}y to the as-built core.

The thicknesses and compositions of the side and end reflectors
used in the computations are those listed in Teble 2.2. For each of the
three cases in the table, core composition remainsd the same. The ra-
sults of these calculations indicate that for the hot (1 Mw) LAMPRE I

configuration the important nuclear parameters have the following values:

Core buckling B= = 0.048549 cm™ 2

Side reflector savings 5. = 5.374 em

Top reflector savings 5., = 4.312 em

Bottom reflector savings SB = 5,080 cm
Cylindrical radius R =7.758 em
Cylindrical height H = 16.249 cm

Fuel alloy mass m = 24,99 kg alloy

Core volume v, = 3,056 liters

K _ core (vZf)/(Za) = 2,62

Keff Adjusted to 1.00 by shim
Central median fission energy Ef ~ 1 Mev

Prompt neutron lifetime g% = vzfv = 8.9 x 10?2 sec

The system temperature coefficients were determined by & series
of mass calculations in which the material densitises were varied in a
suitable manner. The expansion coefficients used in obtaining the tenm-

perature coefficlients were:

- 32 -



Table 2.2

MATERIALS AND THEIR THICKNESSES USED FOR S, CALCULATIONS

Material or Region

Reflector pins

Flow divider

Ne (inlet flow region)
Inner contalnment vessel
Heaters

Outer containment vessel
Alr gap

Shim

Alr gap

Circular flue wall

Air gsp

Hexagonal flue wall
Shield

Gas space in fuel capsules

Cepsule
Capsule handles

Locator plate facing
Locator plate

Locator plate plenum
Bottom reflector
Turn-arcund plenum
Catchpot

Inner containment vessel
Air gap

Bottom vesgel shield

fuel capsule plugs

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
1.27
0.635
50.8

TOP REFLECTOR
5.08

1.27
50.8

BOTTOM REFLECTOR

0.508
k572
1.905
12.70
1.905
15.2h
1.905
6.35
11.43

33

0.34587 Na, 0.65413 S.8. (430)
8.8. (304)

Na

8.8. (304)

0.15 S.8. (304)

8.8. (304)

Adr

0.98 8.8. (430)

Air

8.8. (430)

Air

Carbon steel

0.9108 B*® + ¢ (0.4 w/o voron)

0.15403 Ta, 0.34587 Na,
0.5001 air

Ta
0.61518 8.8. (430), 0.38482 Na

Ta

0.23795 Na, 0.76205 8.8. (304)
Na

0.1422 NWa, 0.8578 Armco Fe

Na

0.47 Na, 0.53% Armco Fe

8.8. (30k)

Alr

8.8. (304)



(_.’1_) - -89 x 1078/

P fusl

(_é’i_) = -19.5 x 10 8/%¢
e Ta

(..éo.._) = -36 x 1078/°¢C
© Js.s. (304)

(__._) = =300 x 1076/°C
e Na

The results of the computations are 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 dues to fuel temperature variation in an
otherwise isothermal system:
(am

S5 = -2.72 g/

)fuel (prompt)

This may also be expressed as a function of fuel density:

( gm ) = -1.91 x 10® g/(g/cn®)
P Jfuel

Change in critical mass due to variation in the temperature

(isothermal distribution) of all core materials:

aﬂ'l )
< = 4,27 g/°C
( o all core meterials

Critical mass change associated with a space independsnt, sodlum=-

coolant temperature variation in an otherwise isothermal system:

a-ll ) = —O ° 8() o
( l] a

If the locating splines on the fuel pin assemblies (see Fig. 2.12)
are assumed to be in contact, there is an additional temperature coef-
ficient. This is produced by the outward displacement of fuel pins as

the temperature increases. The displacement is different at the top and

D

the bottom of the core, however, sincs the bottom ends of the fuel pins

are spaced by the tantalum locator plate, which expands at a rate
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different from the stainless steel parts (splines) which position the
fuel elements at the top end. An average expansion coefficient

£3/8 = 9.5 x 1078/
was assumed to be spplicable to the effective radisl expansion of the
core. The temperature coefficlent of reactivity produced by the re-
sulting variation in average fuel density was found to be, for an

isothermal temperature distribution,

(_._ggl )1 = -0.57 g/°C
ocation geometry

These estimated mzss relations may be converted to temperature coefl-
ficients of reactivity by using the experimentally determined value

(sese Appendix A).
JAY S
- = 1.18
o ¢/g fuel

In summary, the zero power, iscthermal reactor system is characterized

by these coefficlents:

( gg ) = -3.21 4/°C
fuel (prompt)

Sk ) = -0 O
= = -0.9% ¢/°C
( ’ Nea
( dk ) - _0.67 4/°
5 = =0.07 C

locstion geometry

S ) - -0.85 4/°%

( 7 reflector

The power coefficient of the system may be estimabted from the above
reactivity coefficients. It is necessary only to sum the effects of

the listed coefficients, taking propsr account of the fact that the
temperatures of the fuel, the coolant, and the reflector structure in-
crease by different emounts as operating power is raised. (For instance,
it 1s calculated that for full coolant flow the average fuel temperabure
increases gbout three times as fast as the average sodium temperature
when power demand is increased.) The total power coefficient is, on

this basis, found to be
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-0.69 ¢/kw

or

[+

%)

Approximstely thres-fourths of the power coefficient results from the

12

-12.3 ¢/°C rise in Na temperatur

temperature risz in the fuel and is therefore a prompt effect. I
there is a significant amount of convective circulation of fuel in thsz
capsules, the average temperaturs of the fuel will be lower (relative
to the coolant temperature ot a given power), and the sbsolute valus of
the power coellicient would bs smaller than the estimaled value given
here. Mzchenical clearances in the core structure, not considered in
the ghove powsr coelficient estimates, could produce a similar effect
through their relation to core distortion {capsule bowing) as = function
of powar.

Since the LAMPRE I fuel is =olten under opersbing conditions, =&
radial temperature gradient across the core doss not produce strong
bowing effects in the fuel capsules. Soms bowlng msy occur, however,
since the radial temperature variation will tend to introduce bowing
foreces in the tantalum fusl capsules themselves, and in th: fvel capsule
hendles. The amount of bowing which can take place 1s a complicatad
function of assenmbly cleavance on the fuel element asserblies and of the
actual temperabure distribution in the reactor. These variables, and
their effects on the over-all power coefficient, are considered in
Appendixz B which may be sumuarized briefly as follows:

1. In the bowing calculation it was assumed that assenbly
clearances bebween fuel capsule handles are uniformly distributed, and
that initially there is no coatact hetween adjacent fusl capsules at
the spline sectionz of the handles. If, as will almost certainly e
the case, a lew per ceat of the fuel capsules are initially constrained
by contact between adjacent spline ssctions, thz effect of bowing is

marzedly redaced.
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2. With the uniform clearance assumption, both capsule and
handle bowing make positive contributions to the power coefficlent
up to about 10% of full power. At higher power levels only capsule
bowing persists and it produces only a small reactivity effect.

%. On the basis of the pessimistic distribution of mechanical
clearances assumed, the over-all power coefficlent, including the bowing
contribution, is calculated to be positive up to a power level of 100 &w,
with a value of about 0,025 £/kw. Above the 100 kw power level, bowing
is of little consequence, and the over-all power coefficient becomes
gpproximately -0.7 ﬁ/kw.

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

There is one other recognized source of a small positive com-
ponent of the over-all power coefficient. Relative motion between the
reactor core and the control elements occurs as the average sodium tem-
perature changes with varlation in power. The motion is such as to
increase reactivity as power, and hence the average sodium temperature,
increases. A design feabure which has to a large measure eliminsted
this effect is described in Section 2.7. It is estimated, however, that
& positive component of the power coefficient of £ 0,015 ¢/kw exists
because of this thermally induced, relative motion between the reactor
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 equivalent to about 6 kg of fuel, or by roughly
#70. Although the relative effectiveness of the control rods and the
control shim is not known precisely for LAMPRE I, it appears that sbout
P60 of this shutdown control is produced by the shim,

It has also been estimated that if the reactor is shut dowmn from
full power operating conditions by withdrawing the shim and the control
rods, the reactor will be subcritical at room temperature by an amount
equivalent to 2.8 kg of fuel, or by ~ $33.
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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 mass:
Ne worth at 20°¢, shim and rods in = 3.1 kg
Na worth ab 20°C, shim and rods out 3.9 kg
Na worth at 550°C, shim and rods in = 2.6 kg
Na worth at 550°C, shim and rods out = L.l kg

¢ e

2,5 Operating Conditions

2.5.1 General

LAMPRE I start-up and approach to operation at full power will
be carried out in four major steps. First, a set of cold critical
experiments willl serve to determine critical mass and control element
worth for comparison with calculated estimates based on LCX II obser-
vations. During this period no sodium coclant 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 suitable
length of time, to clean up all system components. Third, the dummy
elements will be replaced one by one with fueled elements, and a determi-
nation of the hot, wet critical mass and the control element worth will
be made at a reactor system temperature in the range of 450 to 500°C,

and at "

zero" nuclear power. The fuel in each capsule will melt as it
is inserted into the core. The value of the negative temperature coef-

ficient will also be measured under these conditions. Finally, the
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reactor power will be ralised stepwise, and at each power level reactor
stabllity will be investigated by a series of reactor oscillator experi-
ments.

Table 2.3 glves values of some core parameters.

2.5.2 Reactor Stert-up and Approach 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 dummy elements
mist be mede menually before the capsule charger is attached to the
reactor during the final stages of system assenbly. At the start of the
cold critical measurements, the reactor will therefore be completely
filled with dummy fuel elements and reflector pins. Dummy capsules will
be replaced manually, one at a time, by fuel capsules until a multipli-
cation of 10 (with shim end rods down) is schieved. At this point the
capsule charger will be installed and further replacement will be
accomplished using the charger. Rules governing personnel access to
reactor areas will be applied during the cold critical phase of oper-
ations., Protective instrumentation and interlocks described in Section
2:5.3 will be connected if thsy are related to nuclear safebty consider-
ations. Start-up detectors will consist of at least three B*°-lined
proportional counters. A start-up neutron source of sufficient intensity
is provided by Pu®C in the fuel 1tself.

The actual charger manipuletions involved in replacing the dummy
fuel elements with fuel-filled capsules sre as follows: The vertical
1ift mechanism is lowered to engage a fuel element handle; the handle
with its dumny element 1s lifted into the charger housing and the element
then unscrewed from the handle. The dummy element 1s transferred out of
the housing through a port, and a real fuel element inserted into the
housing and attached to the handle by the reverse process. The element
is then lowered into the reactor vessel and is positioned in the space

formerly occupied by the dummy.
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Table 2.3

VALUES OF CORE PARAMETERS

Capsule material

Capsule size
Core capacity

Number of capsules for
criticality

Capsule spacing

v/o fuel

v/o Na

v/o Ta,

Fuel height

Fission gas volume height
Design power

Average fuel temperature
Maximum fuel temperature
Na inlet temperature

Na outlet temperature

Na flow rate
Central-to-edge power ratio

Axial power ratio

Specific power (w/g)

Heat flux (w/cm®)
(Btu/nr/ft2)

e, outlet temperature (°C)

AT in fuel (°C)

AT in Ta (°0C)

Ta thermal stress (psi)

National Research Corporation high-
purity Ta refined by Temescal electron
beam melting

0.376 in. i.d. x 0.025 in. wall

199 capsules in hexagonal array

143 (calculated)
0.497 in. triangular pitch

51.5
33.5
15.0
6 in.
2 in.
1 Mw
637°C
870°%¢
450°¢
563°¢C
155 gpm
1.8
1.8
Average Maximum Minimum
Lo 61 19
145 220 68
460,000 700,000 214,000
563 597 531
200 307 93
17 2l 8
2800 4300 1300
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All fuel additions are to be mede with the control elements (shim
and rods) in their lesst reactive, or down, position. When about two-
thirds of the estimested 25.48 kg critical mass has been losded, the shinm
and rods will be inserted, and the nesutron level observed. This pro=
cedure will be repeated at appropriate intervals during the rest of the
fuel loading operation, until sufficient data are available to estimate
satisfactorily the acbual critical mass with shim and rods fully inserted.
The final approach to delayed critical will be made by control rod
menipulation.

Critical mass at partisl shim Insertions may be determined in an
exactly similar fashion after meking the sppropriate adjustments to the
mechanical stop which limits aveilsble range of shim travel. An extrap-
olation of the data to the shim-down case will determine the worth of
the shim; for the cold critical case, its value has been estimated to be
equivalent to 6.2 kg of fuel, or @bout 39 elements.

Fuel dnventory records kept during these, and subsejuent, 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 will be physically checked against the number of Jdummy

elements removed from the core during loading coperations.

Sodlumn System Cleanup. When the cold critical experiments have

been finished, the fuel will be removed and replaced by the dummy capsules,
one by one. The reactor system by this time will be ready to charge with
sodium., Test operation, with electrical heating to about 500°C, will then
begin, and will continue until satisfactory performence of all coolant

loop components has been demonstrated, and until the desired degree of
sodium purity has been obtained through the use of cold and hot traps.

The fuel capsule charger will be tested while the resctor system is at
operating temperature, and the varlous sodium~system malfunction de-
tectors checked out, insofar as possible, under actual operating conditions.
Satisfactory mechenical functioning of the reactor control elements at

elevated temperature will also be ensured.
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Zero Power Hot Criticsl. When the coolant system cleanup and

checkout program has been completed, the core will be loadsd with fuel
and the zero power, hot critical mass determined. During this operation,
the reasctor system will be held at a temperature of 450 to 500°C by the
use of electrical heabters. Zero power, or isothermal, operation above
500°C is not advisable, since the sodium pumps (in the reactor inlet leg
of the coolant loop) are nol designed for temperatures in excess of 55000.
There will be no air flow through the sodium-to-air heat exchanger but,
in other respscts, the coolant system will be fully operative.

The insertion of fuel into the core will be accomplished in the
same fashion as in the cold critical phase; i.e., a dunny capsule will
be removed by the capsule charger, and a fuel capsule put in its place.
It is expzcted 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 configuration will first be
determined. It will then be desirable to increase the fuel loading,
one capsule at a time, to obtain a preliminary calibration of rod worth.
A similasr preliminary value of the temperature coefficient of reactivity
will then be obtained by varying the electricsl power input to the system
and noting the configuration changes necessary to maintain criticality.
Finally, critical mass as a function of shim insertion will be determined
in the same fashion as during the cold critical tests, and intercali-
bration 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, a critical configuration should be reached with the shim 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 (corre-
sponding to a slightly subcritical configuration at the hSOOC, isothermal

condition), the reactor will be made critical and coolant outlet temperature
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will be raised in small increments by inserting rods. A counstant coolant
inlet temperature will be maintained by decreasing the electrical heating
power as nuclear power is Increased.

The present estimate of over-all power coefficient for LAMPRE I is
0.7 #/kw. Therefore, §7 of reactivity control must be svailsble in the
rods to reach the nominsl 1 Mw design power. The estimated valus of the
total worth of three control rods 1s very spproximstely ¢lO. It =sppears,
therefore, that sufficient reactivity control is availsgble to reach
design power without shim adjustment. However, the powar coefficient
depends strongly on the actual value of parameters such as the thermal
conductivity of the fuel, which is not accurately known at present;
also, the power coefficient of the reactor will be influenced by the

amount of natural convection of the molten fuel within the capsules.

2.5.5 Protective Instrumentation

General Description of Safely Circuits. The safety instrumen-

tation of the LAMPRE I system msy be grouped into four classes: scram
channels, rundown chamnnels, annunciator channels, and interlocks.

Scream chamnel signals will produce reactor shutdowa by causing the
control shim to drop to its least reactive, or down, position. Rundown
channel signals initiate automatic rod withdrawal with an attendant re-
duction in reactor power. Annunciator chamnel signeals operate visible
and audible alarms which indicate to operating personnel the existence
of gbnormal values of system perameters; corrective actlon must be
initiated by the reactor operator. Interlocks provide sequencing of
certain coperations affecting reactor criticality; they also regulate
coolant system start-up procedures and provide for ventilation system
control in the event of fission product and sodium smoke release in

certain areas,



Sapan Channel Signals. The sources of scram signals are:

8. Reactor perilod less than preselected value

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

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

d. Excessive tempsrabure indication from thermocouple located
in hest exchenger alr ocubtlet duct

e, ©Slids valve at top of reactor vessel open

f. Manual scram switch

2. Blecbriecal power failure in control element drive systenm

The period signel 1= obtained in a coaventional manner from a

log emplifier circult containing appropriaste differentiation. The

The differentisted amplifier outpubt signal is fed into a fail-safe
electrical switching cirecult, i.e., @ Schmidt trigger employing a
nermally open plate relsy whose contacts are conaected in series with
the secram buss.

Weutron level signals are obtained from ion chambers feeding -
lirear samplifiers which drive trigger circuits similar to those noted
gbove. Coolart flow signals are obtainsd from a permanent magnet flow-
meter whose output is recorded on & line drawing, strip chart recorder.

A low=1imit switch on the recorder triggers the scram.

A gross leak in the heat exchanger would result in a sodium fire
which would ralse the air outlet temperature well above normal opsrating
values., A thermocouple will trip a scram chamnel when the temperature
in this region is about 100°C sbove the maximum expected normal temperature.

It is considered undesirable to operate the reactor unless the
slide valve which isoclates the fuel charger from the reactor is clossd.

An electrical interlock will prevent control shim operation 1f this

valve ig open. The reactor operator may shut down the reactor at his

jo}

iseretion by means of the console scram switch. Electrical power
failure in the shim-actuating hydraulic system will sutomatically produce

a shim drop by de-energizing a normally opsn solenoid-operated valve.
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Tests have indicated that 0.0l5 sec after the scram signal has
reached the scram solencid valve, the shim will have begun to drop. An
additional delay of not more than 0,050 sec is introduced by the relay
circuits associsted with scram channels a and b above. Short delays in
the transmission of scram signals from sources ¢, d, and e are of no
consequence, since these scram demands do not originate as a conseguence

of the nuclear behavior of the reactor.

Rundown Chamnel Signals. Certain malfunctlons, or variations in

reactor system operating parameters, make it desirable to reduce the
reactor power until the source of the trouble can be recognized, evalu-
ated, and removed. Tne occurrences which have been selected to initiate
automatically a reduction in reactor power are:
2. Reduction of sodium flow below a desired level
b. Reactor coolant oubtlet temperature higher than a preselected
value
c. Stoppage of alr flow through heat exchanger air ducts
d. Excessive radlation level in heat exchanger air outlet duct
e, Presence of smoke in heat exchanger air outlet duct, in the
sodium equipment room, or in the reactor cell
f. Temperature of sodium at heat exchanger outlet plenum higher
than a preselected value
Signals indicating that any of the gbove conditions exist will
initiate sutomatic, sequenced withdrawal of control rods. The with-
drawel will continue until all rods are out unless the operator has
been able to reset the rundown chamnel circuits. He can do this only
if the system has returned to a normsl condition. Aay additional

corrective measures must be chosen and initisted by operating personnel.

Annunciator Channel Signals. The annunciator channels which warn

operating personnel (via visible and audible signals) of low urgency,

off-normal conditions in the reactor system are:
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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 initiste a run-
down

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

¢c. Sodium temperature at heat exchanger outlet below preselected
value

d. Graphite shield temperature above preselected value

e, lLeakage of sodium from inner reactor vessel

f. Door between control room and corridor to reactor cell open

g. Temperature of main loop heating transformer above pre-
selected value

h. Poor vacuum in gas disposal system holding tank

i. BSodium level in surge tank too high

J. Sodium level in surge tank too low

k. Cover gas pressure too high

l. Cover gas pressure tooc low

m. Improper voltages on neutron level detectors

n. Improper voltages in remote-area gamma radiation monitoring
system

0. Instrument air supply pressure too low

P. Pressure in shim drive hydraulic accumulator too low

4. Loss of cell blower power

Interlocks., Electrical interlocks in the LAMPRE I instrumen-
tation and control systems automatically enforce certain restrictions
on operational procedures. These interlocks may be grouped in the
following fashion with functlons as indicated.

1. 8Shim and control rod sequencing interlocks provide these
five operational restrictions:

a. All rods must be down before shim can be raised
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b. Shim must be up before any rod can be railsed

c. Rods can be raised only one at & time and then only in a
predetermined order

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

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

2. A vessel slide wvalve interlock exists between the shim drive
and the 10 in. slide valve which isolates the reactor vessel from the
capsule charger. The shim cennot be up, i.e., reactor cannot be oper-
ating, unless the valve is closed. Therefore, the capsule charger
cannot Insert fuel into the core unless the reactor has been shut down
o & scrammed configuration. This interlock is also listed in the scram
chennel tebulation (e), since opening the valve will produce a scram if
the reactor is operating.

3¢ A cell ventilation system interlock assures that an gbnormally
high gamma radiation level in the reactor cell, assumed to be evidence
of a reactor leak with subsequent escape of sodium.and/or fission pro-
ducts, will stop the cell exhaust blower.

4, Heat exchanger blower control and sequencing interlocks are
primarily to ensure that the heat exchanger does not cool the sodium to
a temperature close to the fuel freezing point.

5. Smoke and gamma ray detector interlocks provide that the
presence of smoke in the heat exchanger air outlet duct, in the sodium
equipment room, or in the reactor cell, will cause the inlet and outlet
vanes in the heat exchanger air ducts to close and the blower to be ghut
off. An sbnormally high gamms ray level in the heat exchanger exhaust
duct will alsc close the vanes and stop the blower. WNote that these

conditions also initiate a reactor rundown.
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Neutron Detector Channsls. The neutron-sensitive detectors which

will be used during LAMPRE I start-up and operation are listed below and
their ranges are shown in Fig. 2.16.

1. Two channels of neutron-sensitive (Blo-lined) pulse chambers
will be utilized for normal operation. The opersting range of one of
the counters will overlap with one of the ionization chambers of 2 belovw.
For start-up there will be two additional pulse-counting channels.

2., Two neutron-sensitive ionization chambers with do amplifiers
will be availsble; these will cover (with some overlapping) the power
range from "high multiplication" to design power. Power indication from
these chambers will be displayed on & linear curve drawing recorder.

3. A third nsutron-sensitive ionization chamber will supply =&
power level signal to a logarithmic amplifier; the amplifier oubtput will
be recorded on & line drawing, strip chart recorder. The instrument
range will extend from 10 to 10™2 times design power. The logarithmic
amplifier signal will be used in a conventional clrcuilt to provide the
source of a period scram sigonal,

L, Two independent, neutron-sensitive ionization chambers will
be used for level scrams. The level scram can be set at polnts ranging
from full power to 10 2 of full power., Signals from these detectors

will be displayed in the control room, but not recorded.

2.6 Coolant System

2.6.,1 Components

The system which contains the sodium coolant is, in general,
fabricated 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 layoukt.
Components will be described individually.

Piping. Sodium piping is 2 and 3 in., Schedule 4O, Type 316 ELC
stainless steel., All weldments are made with an inert-arc root pass

(Text continued on page 53)
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followad by coated rod filler passes. Root passss are checked by the
dye penetrant method snd the completed weld both by dye penetrant and
radiograph. The loop is suspended from spring hangers except abt anchor
points indicated in Figs. 2.18 and 2.19. All w2lds are leak tested
using & helium mass spectromster leak detector.

Pumps. Coolant pumping is done by two Callery ac electromagnetic
conduction punps in parallel, each ratad st 100 gpm at 20 psi head.
Power to the pumps is controlled by motor-driven adjustable auto trans-
formers. Check valves of the flappsr type in the outlet of each pump
prevent bypass flow.

Heat Exchanger. The heat exchanger, built by Griscom-Russell,

is made up of finned sectioms that transfer heat from sodium to air
which is exhausted up a stack outside the bullding. Alrflow through
the unit will be controlled by sodium temperature at the outlet from
the exchanger. The temperature will be sensed by a thermocouple con-
nected to = self-balancing pontenticmneter that, in turn, controls a
preumatic operator which positions a louver-type Jdamper at the blower
inlet.

Flowmsters. There will be three electromasgnetic flowneters in
the loop, one in each of the two 2 in. pump outlets, and one in the 3 in.
piping between the vessel and surge 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 from the tank to the system by gas pressure. Dumping will
normally be accomplished by gravity, although gas pressure can be used
to speed up the operation. A varisble-reluctance sodium level indicator
has been developed and will be installed in the tank. Isolation of the
dump tamk from the main system is accomplished by a bellows-sealed valve
in the drain lins.

Surge Tank. A combination surge and expansion tank will be in-

stalled Jjust upstream of the heat exchanger inlet. A varisble-reluctance
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type of level indicator will be installed in this tank. Connecting the
surge tenk and the vesssel gas volume is a 1 in. pressure-ejualization
line. The sodium level In these two volumes will be different only by
the friction drop 1n the 3 in. line connecting vessel and surge tank.

Cold Trap. A cold trap and plugging indicator is installed in a
side loop on the dump tank. It is plannsd to circulate sodium in the
primary coolant system, then return it to the dump tank for cold trapping
and, in this way, accomplish cold trapping of the main system without
having the cold trap sttached to it. During reactor operation the cold
trap, as well as the dump tank, will be valved-off from the primary
systemn. By means of the plugging indicator it will be possible to
measure NagO content down to sbout 15 ppu.

Hot Trap. Three getter hot traps will be installed in 2 1 in.

bypass loop on the primary systen. The three traps are connected in
parallel aund have = heater control for each trap. It is plamied to use
ouly ons trap at a time. Bypass flow through the two unheated traps
willl be prevented by allowing bthe sodium in them to freeze. The mstal
used for gettering will be zirconium foll opersted at 7OOOC. The hot
trap loop will have its own electromagnetic pump and flowmeter. By use
of hot traps 1t 1s expectad to reduce the Wao0 content in the sodium
coolant to 1 or 2 ppm. Capazity of the hot traps is estimeted to be
10-fold greater than necessary. Hot trap bypass flow is about 5% of
full-power coolant flow.

Heating. Heat can be supplied to the loop by eilther or both of
two methods. All piping and componsnts are traced with electrical tubular
heaters which will be used for warming up the system prior to sodium
charging. A second system will be used for supplying hesat to maintain
the entire coolant loop and vessel at a minimum of 450°C. The second
heating system employs a transformer anid part of the sodium loop, con-
structed s5 as to be a one-turn sscondary on the transformer. There will
bz the capability of adding sbout 40 kw of heat in this fashion. It is

nzcessary, of course, that there be some sodium flow during the periocd
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when transformer heating is used in order to prevent overheating of the

one-turn secondary.

2.6.2 Corrosion of Component Msterials in Sodium

Tests of materisls which are in conbact with the sodium coolant
have been conducted at the Los Alamos Scientific Laboratory and slse-
where. Based on work by the Argonne National Laboratory and the Knolls
Atomic Power Laboratory, there is confidence that stainless steels are
satisfactory for use in sodium systems at LAMPRE 1 operating temperatures.

The use of tantalum capsules has rejuired that the corrosion rate
of tantalum in sodium be investigated. Figure 2.20 shows the corrosion

rate of tantalum for both the hot and cold-trappsd cases,

2,6.3 Instrumentation

The coolant system instrumentation is conventional in most respects.
In addition to thermocouples on the 2 and 3 in. piping, there will be
thermocouples in the core regilon measuring core inlet, outlet, and radial
distribution temperatures. Remote indicating transmitters will measure
pressures at the surge tank, pump inlet, pump outlet, and dump tank. Flow
measurenent will be made by the three electromagnetic flowneters discussed
above. There will be no orifice or flow tube differential pressure
meagurement. A sodlum lesk-detector system, which consists of a glass-
insulated thermocouple pair tracing the bettom of sodium piping, is

installed. Figures 2.21 and 2.22 indicate locations of instrumentation.

2.6.,4 Mock-up Loop Operation

In order to gain experience in construction and operation prior to
reactor installation, the reactor coolant loop was fabricated and tested
using actual system components with the exception of the vessel. The heat

exchanger, although welded into the system, was insulated and the loop was
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Fig. 2.20 Corrosion rate of tantalum in sodiun vs temperature.
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operated lsothermally. Allowable pump temperatures limited operation to
550°C. Tests were concluded by running for 100 hr at 500°C. The items
that were investigeted and the results follow.

Soundness of the Contaimment. No sodium lesks existed or de-

veloped.

Pump Performence. Flow vs pump power was satisfactory up to 550°¢

inlet temperature. Pump inlet pressures as low as 5 psig did not result
in cavitation.

Heating Transformer Performance. This method of heating performed

quite well. As 2 result of this test, capacitors will be installed to
improve the observed C.3 power factor.

Tubular Electrical Heater Performance. The installed tubular

heaters operated adequately with no burn-outs.

Sodiun Level Detector Performance. The prototype detector was

found to be accurate and reliable and will be incorporated into the
reactor loop.
Thermocouple Bshavior. Thermocouples functioned properly, but

those installed in wells read 30 to 50°C higher than those held against

the pipe outer surface by spring pressure, As a result, more wells are
being added to the reactor loop.

Filling and Dunping Techniques. The planned procedures for filling

and dumping were found to be satisTactory.

Insulation Effectiveness. As a result of mock-up loop coperation,

the 3 in. Superex insulation is being replaced with & 2 in. innesr layer

of Superex, on the oubtside of which is a 1—1/2 in, layer of 85% magnesia.

2.7 Conbrol System

Reactivity adjustment of the reactor is azcomplished by means of
control elements consisting of movable reflector sections. The control
shim (Fig. 2.23) is the largest of the movable reflector sections, and

it serves as a shutdowa or scram device. It has the form of an annular
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Fig. 2.23 Control shim.
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cylinder, concentric with the reactor vessel. It is made of Type 430
stainless steel 20 in. o.d., 10-3/L in, i.d., and 16 in. long. It may

be raised to a position such that it surrounds the core, or lowered to

Q

g posltion where ils effectivensess as o reflector for neutrons escaping

[

from the core is negligible. The differential worth of the shim over the
range of its 16 in. travel is sbout $60. It is estimated, on the basis
of LCX IT data, that the maximum slope of the reactivity vs shim position
curve is $6/in.

Adjustments to reactor criticality finer than thoss effected by
shim notion are mads by moving four control rods; these consist of nickel
cylinders 3.8 in. diam x 16 in. long which move vertically in appropriate
chamnels provided in the shim. The range of travel of these control rods
is 16 in. Thue worth of the rods is not known precisely, but is estimated
to be g2.50 to #3.50 for each rod.

The entire comtrol element assembly, together with the lower
vessel shield, is supported below the reactor by the floor shield plug.
Figure 2.24 is 2 cross section through the complete control sssembly.

rive mechanisms for the control elements are located in the subbasement
below the reactor cell and are attached to the bobtom of the shield plug.
All parts of the drive mechanisms are asccsssible in the subbasement.
Figure 2.25 shows the shim assembly with the shim st mid-position.

The lower vessel shield, which is rigidly attached to the floor
shield plug, locates laterally the bottom of the reactor vessel. Align-
ment of the shim with the reactor vessel is accomplished by the shim
actuating menbers which pass through the lower vessel shield anil the
floor shield plug. Thaese actuating rods connect thz shim to its drive
unite.

Vertical sections of 4 in. i.d. stainless steel tube, rigidly
attached to the bottom vessel shield, pass through the four channsls in
the shim. The control rods move inside these tubeg and are guided by them.

Drive urits for the shim and the control rods are double-ended

hydraulic cylinders actuated by suitable hydrsulic systems. The use of
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double~endzd eylinders (with piston rods extending out both ends of the
cylinders) permits gauging ths position of the control elements by means

of indicator m=chanisms attached directly to the lower end of the plston

Two separate, low pressure hydraulic systems are used; each has
its own pump. One systen supplies oll to the shim drive cylinder; the
other supplies oil to all control rod actuating cylinders. Both pump
systems are fitted with 250 psi rupture discs in the pump output lines.
These prevent dangerous overpressuring of the dvive units in the event
of pressure regulator failurs.

The hydraulic system for the shim is indicated schemstically in
Fig. 2.26., TFigure 2.27 shows the corresponding circuit for a control

0.

2.7.1 Shim Drive System

The shim drive systen 1s operated by reactor persomnel from the
main console. Console switches control relays for energilzing the neces-
sary valves, the pump, and the interlock circuits. All relays are located
in 8 restricted access area. Relay power is supplied through = locked
switch on the reactor console. The key may be removed from the lock only
if the switch is off.

A1l valves opsrable from the console are of the solenoid-controlled,
pilot-actuated type. Both normally open and normally closed valves are
required in order to make the hydvaulic system fazil-safe in the sense
that power failure can result only in a shim motion which reduces reachtor
criticality. In no case will valve leakage result in addition of re-
getivity.

The reacztor operator controls the shim through a four-way valve
which admits oil (from the continuously operating supply pump) to the
bobtom or the top of the ghim drive cylinder to produce upward or downe-
ward motion of the shim. Shim position may be changed in increments as

small as 0.020 in.
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The shim nay be moved at elther of two speeds. The operator se-
lects the desired speed by appropriate manipulation of the console shim
control switch. Speed control is accomplished by regulsating oill flow to
the cylinders through two parallel lines. Fach of the lines is fitted
with an adjustsble throttling valve and a solenold-controlled, flow shub-
off valve. If the slow rate of shim motion is desired, the slow speed
channel is opened; the flow of oil in it occurs at a rate fixed by the
setting of the throttling velve. When the fast rate of motion is re-
quired, both oll channels are opened; the total flow rate is then de-~
pendent on the setting of both throttling valves. The throttling valves
are preset to give flow rates compatible with the desired maximum rate
he

(2N

of reactivity addition. These rates cannot readily be altered by !
reactor operator, since the valves sre locabted in a locked ares remote
from the conbtrol room.

Shim position is indicated on a conscle-mounted digital register
reading to 0.0l in. The reglster is driven through synchros by a gear
train aztuated by the shim cylinder piston rod. Electrical power for the
synchro systen is independent of main control console power, anil is left
on continuously whether the reactor is operating or not. The ozcurreace
of power failure (no voltage)} in the synchro system is indicated on the
control room annunciator panel.

In its up position, the shim is in contact with a mechanical stop.
When contact is made with the stop, a limit switch is actuated and pump
pressure is continuocusly applied to the shinm drive cylinder to hold the
shim up against the mechanical stop. Should the shim be lowsred as little
as 0,020 in. (either by the operator or through system malfunction), the
limit switch i1s deactivated. The shim then cannot be reinserted sxcept
in accordance with the normal sejuence start-up procsdures.

The shim stop was design=4 so that variations in resctor temper-
ature would not significantly affect the relative position of the shin
and the reactor core. This was accomplished by limiting the upward shim

notion with a stop which gbuts directly on the bottom of the reactor

- 67 -



vessel (Fig. 2.24%). As the reactor vessel tempesrature increases, for
instance, the core and the bottom of the vesssl move downward becauss of
the vessal's thermsl expansion; becauss of the shim stop mechanism, the
shim is pushed down (against the hydraulic system pump pressure) by
nearly the sane amount as the change in core position. With the com-
pensation provided by this shim-stop design, the change in reactivity
which can be produced by temperature variations in the reactor vessel
should not exceed 0.1 ¢/OC. The precise value of this positive contri-
bution to the over-all tempsrature coefficient of reactivity cannot be
predicted uatil resctivity as a function of shim position has been
measured during the initial critical experiments.

The position of the shim stop is adjustable in incremsnts of
0.025 in. over an 8§ in. rangs. This range of settings for the up
position of the shim will be used to accommodate variations in core
loading, and alsc during intercalibration of the shim with the control
rods. Adjustment of ths stop is parformsd in the restricted access
subbasement under the reactor cell. Design of the asgenmbly is such
that changling the shim stop setting automatically repositions the up
limit switch (Fig. 2.24).

The reactor is scrammed by rapidly lowering the shim. This is
accomplished by opening the scram valve located in a line connecting
the top and bottom ends of the shim drive cylindsr. When the valve is
opened, the differential pressure across the piston is reduced to
approximately zero, and the weight of the shim and its supporting
members (~1100 1b) forces the piston down. Shim position as a function
of time after the scram signal appears at the valve solensid is shown in
Fig. 2.28, Since the scram valve is a2 normally open type, electrical
power failure in the control circuits automatically lowers the shim.

An electrical power failure (or a scram signal) results in 2 valve con-
figuration such that 0il can escaps from the bottom of the cylinder and
return to the oil storage reservolr. This mechanlism contributes slightly

to the rate of shim drop which follows a powsr failure or a scram signal,
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but oll flow through the scram valve is by far the more important factor
determining shim drop time.

A gas-ballasted accumulator is fitted to the shim drive hydraulic
system; the oil in this chamber is held at puwnp pressure so loag as the
punp is operating. Saould the scram valve ever fall to open in case of
power failure or receipt of a scram signal, or should the shim fail to
drop freely during & scram, full accumulabtor pressure bullds up above
the shim Arive piston. The resultant force teading to lower the shim
will then be sbout twice that due to the weight of the shim assewnbly.

If the scram valve sticks in the closed position, this extra force on
the piston will be sufficient to lower the shim at a rate gbout sgqual

to that normally obtairable by turning the zonsole shinm control swite
to "fast dowa."

)

2. 7.2 Control Rod Drive System

The drive system for the control rods is similar to that used for
the shim =xcept for these differences:

1. There is no provision for scramming the control rods. Power
failure doess, nevertheless, result in the rods being withdrawn as o1l is
forced from the drive cylinders by the welght of ths rol assenblies.

2. No accumulator is fitted to the pump system which supplies
0il to the four rod drives.

5. The stops which determine the up positions of the rods are
not adjustable.

4, There is no provision for temperature-compznsated stops of
the type used for the shim, since the control rod reactivity worth iz
much less than that of the shim.

5. A rod fully inserted to the up position is held there by
continuocusly supplied hydraulic system pressure, just as in the case
of the sghim. However, at partial insertion a rod iz held up by the

closing of a "lockup" valve in the oil line leading from the bobttom
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end of the hydraulic cyliander. The position of other counbrol valves in
the systemn is such that should the lockup valve leak, the control rod
will be withdrawn, rether than inserted.

6. Rates of rod motion will be adjusted so that reactivity in-
sertion rates will be 5 ¢/sec and 0.5 #/sec, respectively, for fast end
slow rod speeds.

7. Coatrol rod position is displayed on a digital register

reading to 0,001 in.

2.7.5 Control System Ssquencing Interlocks

Electrical interlocks permit control elemsnt movement only in a
gpecified sequence, If the reactor cperator deviates from the proper
sequence, control elemnents either will not move or will be withdrawa.

Restrictions imposed by the interlocks are listed in Secticn 2.5.3.

2.8 Capsule Charger

Fuel capsules are loaded inbto or cemoved from the reactor by the
capsule charger. The charger is bolted to the top of the 10 in. vessel
closure valve and ~onsists of a vertical 1ift unit, horizontal transfer
unit, and vertical transfer uniit. The three units are contalned in a
housing which is gas~-tight and filled with helium (see Section 2.9).

he housing is necessary to maintain cover gas purity when the closure
valve is opeun and also to contain alpha contaminstion that would result
if a capsule rupbured., Figure 2.29 is a pictorial representation of the
charger; Fig. 2.30 a photograph of the housing.

The sejguence of removing e capsule begins by egualizing cover gas
and housing pressures, after which the closure valve is opened. The
"grabber" of the vertical 1ift unit is capsble of motion in a cylindrical
coordinate system and is positioned by changing its v, €, z location. It

is moved s0 as to engage its bayonet socket with the mating end of the
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desired capsule handle. Alignment for engagement is accomplished visu-
ally by means of two periscopes which extend from windows in the housing
through the lead shield.

After engagement of the bayonet socket, the vertical 1ift unit
raises the fuel element to a station where the capsule is unscrewed from
the handle. The splined locator section on the handle is rotated by a
motor on the horizontal transfer unit, while a f£flat on the capsule top
is restrained by a stationary wrench. When the capsule is free of the
handle, the horizontal transfer unit moves it to a position above a
shield pot which is sealed to the transfer port. At this point the
vertical transfer unit is engaged, the horizontal transfer unit dis-
engaged, and the capsule lowered into the shield pot. Port valves are
closed and the shield pot discomnected from the port. For loading the
sequence is reversed,

Power for vertical motion of the vertical 1ift unit is supplied
by a hydraulic motor. Hydraulic pressure to the motor is adjustable and,
during normal operation, will be only high enough for the unit to exert
a force of about 30 1b on a handle. The components are designed, however, .
to withstand forces required to exert a 1000 1b pull in case a sbticking
handle makes it necessary. An 8 in. lead shield surrounds the bottom of
the housing and will reduce the maximum dose rate oubtside the shield to
50 mr/hr or less. There is enough clearance hetween shield and housing
to accommodate housing movement arising from thermal expansion of the
vessel; the expansion is expected to be less than 1/2 in. A bsalcony
gbout 11 £t above the transfer area floor permits viewing of charger
components through housing windows at that level. Maintenance of ex-
ternal parts of the vertical 1ift mechanism can be performed from the

balcony.




2.9 Helium and Ges Disposal System

The sodium cover gas is high purity helium. A NaK bubbler is
used to remove water vapor and oxygen from helium before it is admitted
to the cover gas velume. After purification, the helium contains less
than 10 ppm impurities. Figure 2.31 is a schematic of the helium and
gas disposal system,

If a capsule ruptures, fission gas escapes Into the sodium ccolant
and will collect in the cover gas elther in the vessel or surge bank.
The gas disposal system permits transfer of this ralloactive gas to a
holdup tank for decay and controlled release to the atmosphers. Ths
holdup tank, with 2 capacity of 140 £t3, is kept evacuated by a small
vacuum pump. Fission gas activity in the cover gas volume can be re-
duced further by evacuating the volume with a mechanical vacuum pump
and flushing with helium. A radistion alarm which has a detector on
the pressure-egualizing line will warn personnel of ralistion coming
from cover gas. All operations necessary for gas disposal can be per-
formed from the control room.

As a part of the helium system there is a vacuxn diffusion pump
for evacuating and flushing cover gas and charger volumes. Undesirable
gases coming from components within the capsule charger housing could
diffuse into the vessel cover gas during periods when the closure valve
is open and, although these components are being selected so as to
constitute a minimum source of gas impurity, it may be necessary to
flush the housing just prior to charger operation. Charger gas will be
analyzed after the helium system and charger have been completed, and
the nscessary measures for maintaining charger gas purity will be de-

termined.
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2.,1C Shielding

Shielding requlrements were arrived at by calculation of the
radistion dose at selected points in the vielnity of the reactor for
spzcified operating and/or shutdown conditions. Calculsticons wers also
made to determine the dose rates, due to induced Na24 activity, in areas
adjacent to the sodium loop. Since personnel will norually be working
in such areas as the control room and the room above the reactor cell
(see Figs. 2.32, 2,33, and 2.34), radiation protection will be evalu-
ated during initial low power tests, d€nd the shielding at 1 Mw power
operation will be calculated. Where rejuired, additional shielding will

be installed before operation of the reactor at full vower,

2.10.1 Radial Shield Towards Control Room

In the radial direction, the shielding between the reactor and
conbrol room consists of 5—1/2 £t of borated graphite plus & in. lead
plus 5-1/2 £t of normal concrete. The borated graphite shield is mads
up of graphite cylinders 5—5/8 in. ¢.d. by 72 in. long, containing an
average of 0.4% by weight natural boron. Forced air cooling is provided
to remove the 25 kw of heal which, it is estimated, will be deposited in
the shield at 1 Mw operation. The graphite in the high flux region will
be maintained at 150 to 200°C to minimize radiation demage.

Caleulgtions indicate that the neutron flux at the outer radius
of the borated graphite shield will be ~10° nsutrons/cm® sec with an
average energy of 0.3 Mev. The lead and concrebe shields will reduce
the residual gamna ray and neutron flux to below tolerancze valuss in
the control room. A removable neutron shield, probably heavy coacrete
blocks, will be placed in the entrance to the reactor cell. During
operation, access to the area south of the reactor cell and sodium
equipment room will be allowed only with the approvel of health physics

personnel.
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2,10.2 Shislding Below Reactor

The main shield directly below the reactor is provided by 16 in.
of dron plus & 7 £t long floor shield plug. The hottom 2 £t of the floor
shield plug is filled with lead shot. The remaining volume is filled
with megnstite aggregate heaving =2 density of ~230 lb/fts. The floor
shield plug is provided with holes through which the shim and control
rods are moved. Calculations indicate that access to the subbasement
will not be possible even during low power operation. However, immediately
after shubtdown from three=month operation at 1 Mw, the gamma level in the
subbasenent directly below the reactor is calculated to be 2 mr/hr. Dose
rates in the area not shadowed by a 6 in. lead shield on the subbasement
celling are estimated to be as high as several hunired mr/hr. A radiation
survey will be made to check the accuracy of the calculations prior to
full power operaticn. Since the control mschanisms will be locsated
directly below the reactor, nc difficulty in maintenance of these com-
ponents after shubtdowa is anticipated. The control system hydraulic
pumps are locabed at a point where inspection and maintenance are possible

during full power operation.

2,10.3 BShielding Above Reactor

As mentioned in Section 2.2 of this report, the fuel capsule
handles constitube the upper reflector and part of the radiation shield
for the reactor. These parts yprovide gbout 9 £t of iron shielding above
the reactor core. The fuel transfer area will be protected by the cell
ceiling (5—1/2 ft of concrete) or the ceiling shield plug. The latter
consists of a cylinder 47 in. o.d., 18 in. i.d., and h-l/Q £t long filled
with ferrophosphorous concrete, the inner 3—1/2 in. thick ammulus being
filled with stainless steel chot., 8ince 1t is difficult to estimate
neutron stresming along the gaps In the graphite shield, the adequacy of
the concrete shielding above the graphite region surrounding the reactor

has not been determined. If the raiiation survey indicates a need
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additional shielding can be placed on the transfer arss floor around the
vessel Top. Access to this area is reguired only during fuel-charging
operatlions, a procedure undertzken while the reactor is shut down.
Although not shown in Fig. 2.34, the capsule charger housing ex-
tends gbove the transfer area floor, Shielding will be providad arouni
the housing to protect personnel from fission product decay gammas during

removal of a fuel capsule from the reactor to e transfer shield pot.

2,10.4 Shielding for Sodium Loop

The total volume of sodium in the LAMPRE I system is ~7.5 f£t°.
Of this total, 3 ft2 is contained in the sodium equipment room piping,
2 £t2 in the piping from the reactor to the sodium eguipment room, 1 2
in the heat exchanger, ani 1—1/2 £t® in the reactor vessel. The N&*
equilibrium activity induced in the sodium is caleculated to be 6 mc/cm?.
In estimating the radistion levels in the vicinity of the sodiumn system,
the coclant loop was divided into four parts, each part being counsidered
as an independent source. The four sources considered were sodium egquip-
ment room piping, the surge tank, the hesal exchanger, and the dump tank.

Radiation levels were calculated for the block storage anid boiler
room areas, and for the sodium eguipment room. Typical values for the
gamma ray dose rates sbove the sodium equipment room (ceiling 2-1/2 £t
normal concrete) are 7 mr/hr with 6 in., of steel and 40 mr/hr with 2 in.
of lead. Dose rates 1 £t from the 8 in. lead walls at the north and
south ends of the sodium egquipment room are ~50 mr/hr. The shielding
for the sodium loop is shown in Figs. 2.32, 2.33, and 2.34.

The 40 mr/hr dose rate estimated for the boiler room is con-
sidered acceptable, since routine boiler gervicing requires that
personnel enter the room for only a few minutes during each & nr
shift.

- 80 -




3. SITE IWNFOIMATION

%.1 Location

The site at which the reactor is being installed, TA-35, is shown
relative to the town and lsboratory sites in Fig. 3.1. Circles of 1/2,
1, 1-1/2, 2, and 3 mile radius with Ta-35 in the center are also shown
in this figure. Most of the technical areas and all of the town site
with the exception of a small portion of the residential section are in
the three mile zone. No areas open to the publiec, except & short section
of highway, lie within the cne mile zone.

Access to the site is limited to persons having a technical area
badge. Within the site, access to areas that are near the reactor in-
stallation is controlled outside the building by fences and gates, and

inside by the arrangement of lockable doors.

%.2 Surrounding Aress

Listed in Table 3.1 are the names of Lsboratory technical areas
which appear on Fig. 3.1. Los Alamos Scientific Laboratory operating

groups have been indicated in parenthes=s in most cases.

%.5 Population

The numnber of people to be expected within the zones on Fig. 3.1

are given in Table 3.2. Resldentlal area figures include the total
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TA-1

TA-2
TA-3

TA=L
TA-5
TA=6

TA-T
TA-8

TA=S
TA=10

TA-11
TA=12
TA-1L
TA-15
TA=16
TA-18
TA-19

Table 3.1
1L0S ALAMOS SCIENTIFIC LABORATORY TECHNWICAL AREAS

Former Main Technicsl
Ares

Omega Site (P-2)

South Mesa Site (Main
Technical Ares)

Alpha Site (Abandoned)
Bata Site (Abandoned)

Two Mile Mesa Lab.
(aMx-T7)

Gomez Ranch Site (GMX-7)

Anchor Site West (J-13,
GMxX-1)

Anchor Site HEast {(GMX-2)

Bayo Canyon Site (GMX-5,
H-1)

K-Site (GMX-3)

I-Site (Absndoned)
Q-Site (GMX-2)

R-Site (GMX-L)

S-Site (GMX-3)
Pajarito Lab. (W-2,-4)
East Cate Lab., (H-k)
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TA-20

TA-21

TA-22
TA-26
TA-27
TA-28
TA-29
TA=35

TA-36
TA-3T7

TA-4O
TA-U41
TA-L2
TA-L3

TA=L5
TA-L46
TA=-L3

Sandla Canyon Site
(Abandoned)

DP-Site
(1) DP-East (CMB-3, 7)
(2) DP-West (CMB-L, 8, 11)

TD-Site (GMX-7, CMB-6)
D-Site (ADP-SF)

Gammz, Site (Abandoned)
Magazine Area A (GMX-3)
Magazine Area B (GMX-3)

Ten Site (K~DO,=l,-2,-3,
CMB-DO-GS)

Kappa Site (GMX-T)

Magazine Ares C - PMA
(aMx-3)

DF-Site (GMX-T)
W-Site (W-1,=7)
Tncinerator Site (H-1)

Health Research Lab. (H-L,
H-5, H-DO Property, D-2)

WD-Site (H-1,-7)
WA-Site (N-DO,-1,=3)
Radiochemistry Site (J-11)



resident population of sbout 13,300 and were computed by using estimated
percentages. About 1000 people commute to Los Alamos and are present
during working hours. Major employment distributlons are University of
California sbout 3200, AEC gbout 500, and Zia Company gbout 1230, Zis
personnel include housekeeping people and craftsmen, and of the AEC

nunber sbout 260 are protective force. Significant figures are, then:

Total people in Los Alawmos ares 14,300
People in technical areas and associated
installations during working hours 4,400
Table 3.2
POPULATION WITHIN RADTAL ZONES
Number of
Zone (miles) People
o - 0.5 TA-35 110
0.5 - 1 TA-2, TA-42, TA-L6, TA-48 245
1 -1.5 TA-T, TA-21, TA-41 435
Community Center Shopping
District, Residentisl Areas 3325
l.5 - 2 TA-1, TA-3, TA-14, TA-15,
TA-4O, TA-L3, TA-L5 1750
Regidential Areas 3325
2 - 3+ Various Technical Areas 500
Residential Areas 66590

2.4 Meteorological Data

3.4.,1 Wind Velocity and Direction

Table 3.5 lists the surface winds at Los Alamos. The table is

based on 35,000 observations over a four year psriod.
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Table 3.3
WIND VELOCITY

Direction From Which Wind Is
Blowing (% Time)
Mean Speed  Max. Speed

N NEE SE S SW W W (ph) (mph)
Janvary I 6 16 28 19 18 6 68
February g 5 5 6 15 23 19 18 5 T2
March 5 L 5 5 11 26 27 18 6 87
April 6 6 5 7 10 24 28 13 6 81
May 32 L 5 L 16 30 27 12 6 66
June 2 L 3 5 16 29 26 15 6 59
July 5 5 4 9 13 25 20 17 6 49
August 5 5 L 9 15 22 24 8 6 50
September 3 7 4 6 9 27 28 16 6 51
October y 5 4 & 9 27 21 23 6 65
November 6 7 7 11 5 14 20 31 6 60
December 7 6 6 3 8 17 22 25 6 57
Annual 5 5 5 12 24 23 18 6 37

Z.4,2 Thunderstorm Freguency

The frequencies of thunderstorms listed below are based on

observations over a 20 year pericd.

October through June July August September
Frequency range Negligible 8-20 8-20 31k
Mean number Negligible 12 i5 9

%.4,3 Precipitation Data

The data in Teble 3.4 are based on cbservations over a 20 year

period.
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Table 3.4
AVERAGE PRECIPITATION (IN.)

January 0.55 July 2.70
February 0.69 August 3.91
March 0.85 September 2.31
April 1.06 October 1.38
May 1.40 November 0.65
June L.h2 December C.85

Amnusl 18,10

3.5 Geology

%.5.1 Hydrology of the Los Alsmos Aves

A study of the hydrology of the Los Alamos area has been mades as
part of a survey to locate suitable well locations for community and
leboratory water supply.2 LAMPRE I operation ls expected to have no
effect on ground water contaminstion, since no waste products will be
released intentionally except gases, and no mechanism has been conceived
whereby accidertal introduction of radicactive materials to ground water
could occur.

%e5.2 Selsmicity of Horth Central New Mexico®

About 99% of ths 575 earthquakes recorded in New Mexico during
the last century have originated in a narrow belt of the Mexican High-
land sectlon of the Basin and Range province adjoining the southeastern
border of the Colorado Plateau province. About 94% have originated at
the northern end of this belt in the 75 mile strip along thse Ric Grande
Valley from Albuguerque to Socorro. In this reglon, earthquakes have
been recorded in 25 differsent years between 1855 and the present.

Notable features of these Rio Grande earthgquakes include:



a. Occurrence in swarms; daily for three weeks in 1935 at Belens
dally for three months i 1693 at Belen and Los Lunas; and
daily for six months in 1906 at Sosorro.

be Meximum nocturnsl freguency 69%.

c. Maximum snnual frequency of &2% in the July to December period;
only 18% in the January to June period.

d. Falrly lerge areas affected by several of the shocksy a few
felt over aress renging from 20,000 up to 186,000 square miles.

e. Occasional property demage and local panic, but no loss of
life,

f. Numerous strong bto moderately strong shocks; a few very strong
shocks; by the Rossi-Forel intensgity scale, four quakes of in-
tensity VIII plus to IX, six of intensity VIII, 15 of VII, 27
of VI, and 33 of V.

Most of the Rio Grande earthguakes have originated in the Socorro-

Belen region; only a few have originated near Albuguerque. Recent shocks

originating at Albuguerqgue irclude one of intensity VI on Dzcember 3, 1930;

lesser shocks on January 27 and February 3, 1931; and one of intensity VII

on February L4, 1931. Few earthquakes have originated in Wew Mexico north

of Albuguergue.
One of FHew Mexico's grestest earthguakes occurred at Cerrillos on

May 28, 1918, at 5:30 a.m. A remarkable feature is that although it was

of intensgity IX plus at Cerrillos, the force faded unususlly repidly so

that it was felt over an area of only zbout 45,000 square miles. However,
plaster fell in several bulldings at Santas Fe, and people were awakened
at Espanola and ssveral places in that vicinlty.

Other recent earthquakes and thelr intensities were: August 12,

1924, a shock of intensity VI near Valmors, northeast of Las Vegas;

February 12, 1931, a slight shock (IV?) at Las Vegas; January 28, 1939,

a slight shock of III at Chama; March 11, 1948, 1:31 p.m., & moderately

strong quake, of intensity VI to VI plus, originating in the northwest

corner of the Texas Panhanile near Dalbart, was felt over an area of

e
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50,000 sguare miles in parits of five stabtes. In northeastern New Mexico
it was of intensity VI; at Raton, V; at Cimarron, Wagon Mound, and
Tucumecari, about IV; apparently it was not felt at Hagle Nest or Las
Vegas.

It should be stressed that, although Tthe entire state of New
Mexico is generally placed in the next risk zone below California, the
most seismic part of New Mexico is the Socorro-Belen zone. Albuguerqgue
is much less seismic, but some of the Socorro and Belen guakes have
been felt in Albuguerque,

Seismologlists generally believe that a region of high frequency
with quekes of intensity less than VIII may be fairly safe because these
freguent shocks act as a safety valve and relieve earth stress before
it can accunmulate in force sufficient to produce & viclent shock of
intensity IX or X.

Predictions are that the Socorro-Albugquerque zone will experience
many more earthquakes. A swarm, such as the one Belen had in 1935, may
be expected any time in this zone. It is unlikely that msuny of these
shocks will be very strong at Los Alamos 100 miles away. The Socorro
shock of Novermber 15, 1906, may have attained intensity IV at Los Alamos.
The Socorro shock of July 16, 1906, ranked V at Santa Fe, and possibly
IV to V at Los Alamos. The cne gquake mentioned above for Cerrillos,
with intensity IX plus at the epicenter, developed intensity VII to VIII
at Santa Fe, VI to VI plus at Pena Blanca and Espanola, and presumsbly
attained Intensity VI at Los Alamos. It must be kept in mind that Los
Alamos is only 33 miles from Cerrillos and that for some reason the 1918
guake faded unusually rapidly. A deeper-focus guake at Cerrillos of
intensity IX might not fade so rapidiy, in which event Los Alamos might
experience a shock of intensity VII.

It is unlikely that any earthguskes originating in either Arizons
or Colorado will be perceptible at Los Alamos. It is possible (but

scarcely probable) thet shocks originating in the Texas Panhandle will

extend as far west as Los Alamos,.




3.6 Building

%.6,1 Type of Congtruction

The reactor is being installed in & building which alsoc houses
offices and laboratories. Originslly the building, of monolithic con-
crete construction, was used by a radiochemistry group which prepared
large radiocactive souvces of high sgpecifiic dintensity and did research
on related problems.

The building was designed exprecsly for the operations of this
chemistry group and included two large, well-shielded process cells and
an elsborate contaminated waste disposal plant. One of these process
cells has been converted to g reactor cell. The cell ceiling and three
of the walls are 5-1/2 ft thick and mede of reinforced normal concrete.
The floor has a 3-1/2 £t tamped earth £ill between 1 £t top and botton
layers of reinforced conecrete, The remaining wall, in which is located
the access door, is made of 2 £t of reinforced concrete. See Figs.
2.32 and 2.34.

3.,6.2 Ventilation

The general layout of the bullding ventilation system is shown in
Fig. 3.2. The office portion has normal window ventilation while the
laboratory section is mechanically sir conditioned. Preset alr pressure
differences are maintained betwesn certain areas in the laboratory part
of the bullding. For instance, corridor pressure is higher than that of
laboratories which open to the corridor. The reactor control room, with
an independent supply and exhaust air system, is maintained at a pressure
positive with respect to the cell.

The exhaust system of the cell is shown in Fig. 3.3. It is com-
pletely independent of the rest of the building. Inlet air for the cell

is first used to cool the sodium eguipment room and then passes into the
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cell through two damper-controlled ducts. One damper adjusts the air
flow which cools the graphite neutron shield; the other admits air
directly to the cell., Both dampers may be closed for isolstion of a
sodium fire.

Exthaust air from the cell and from the lgboratory areas is put
through capillary washers and dry filters before being released to the
atmosphere.® The filtering process removes particulate matter larger

than 1/2 micron.

3.6.3 Layout

Figure 3.4 is the building layout at TA-35. The arrangement of
the main bullding is shown in Fig. 3.2. More detailed views of the

general reactor region are given by Figs. 2.1 and 2.2.
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4,1 General

The hazards potentially present in LAMPRE I are release of radio-
active mabterial, blast damage, and sodium fires. The hazard arising from
radiocactive fission product release is present, of course, and is aggra-
vated by the presence in the system of toxic plutonium and radiocactive
sodium. In the reactor the fuel is contained in a molten condition in
an estimated 143 tantalum capsules. Leakage of one or more of these
capsules is considered to be likely but to constitute no hazard. Experi-
ments have demonstrated conclusively that the fuel 1s compatible with .
the coolant sodium and is virtually insoluble in it. At the only lo-
cation in the system where the fuel can be considered likely to collect
or drain after release from the capsules, there is = quantity of iron
which absorbs fuel to form solid, high-melting alloys and compounds.

The geometry is such that the resulting plutonium-iron alloys cannot
reach criticality, even if all capsules rupture.

Capsule leakage or rupture would resull also in release of gas-
eous fission products to the reactor cover gas. If a leaking cepsule
were withdrawn into the charger housing, plutonium contsmination and
fission product gas release would occur in this vessel. In sither case,
the radiosctive material is still comnsidered to be fully contained and
adequately shielded, so that no hezard exists unless housing rupture also
occurs. The gas disposal system is designed to permit the safe removal

and purging of flgsion gases from both reactor ani charger vessels.
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Leakage or major discharge of sodium from the system is not con-
sidered as ceusing any hazard to the core 1tself, since there are no
penstrations in the reactor vessel below the core region, and the vessel
ig double-walled at this point. Full drainage of the rest of the system
will therefore not remove the sodium surrounding the fuel. The entire
sodium system is located in a shielded area not tenanted during opera-
tion, and whose air supply and exhaust are completely controlled. It is
believed that sodium fire in the area would be controlled by the damper
system, which would guench the fire as soon as the available oxygen is
consuned. There are no wabter pipes in the area. Since the radilcactive
godium would thus be confined in a shielded aresa, it is felt that there
is very little chance of its release to the atmosphere.

The possibllity of blast dsmage caused by vessel rupture from a
large nuclear excursion is considered to be vanishingly small. This con-
clusion, discussed in the next section,; is reached from consideration of
the inherent propertlss of the resctor fuel systam, and not from the pro-
vision of various mechanisms or conbtrols. Vessel rupture from accidental
introduction of water intc the sodium system is considered to be impos=-
sible because of the design of the system and The exclusion of water
from the reactor area. Accidental overpressure of the reactor gas system
will not cause vessel rupture because of the presence of relief valves
and weaker components elsewhere in the system. It is concluded, there-
fore, that there is no likellihood of explosive vessel rupture, and hence
no likelihcod of blast damage. Nonexplosive rupture would have the same
effect as major sodium leakage, discussed sbove, unless both lnner and
outer vessels were ruptured. No mechanism has been conceived which can
cause such simultaneous rupture.

The use of gzodium as a coolant incurs the risk of a sodium fire.
The sudden release of 7.5 £t of 500°C sodium to the atmosphere would
result In a fire of sizeable proportions. No system for extinguishing
such a fire is planned, but the provisions for isolating sodium fires

are believed to be adequate to prevent hazard to personnel. The areas

1
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in which the sodium system is located, the reactor cell and sodium eguip-
ment room, have an independent ventilating system with valves and dsmpers
which close upon the recelpt of a signal from smoke or radiation detectors.
Large quantities of sodium leaking from the system would burn until the
oxygen in the ares was consumed and then combustion would cease. DBecause
of isolation by dampers and valves, no appreciable anount of radiocactive
sodiun smoke would be released into the abtmosphere. The risk of termi-
nation of the experiment by fire is accepted as an alternative to costly

measures which would minimize fire damage.

4.2 Hazards Created by Power Failure or Component Malfunction

4.,2,1 Loss of Coolant Pumping

Logs of coolant pumping, whether from power failure or pump mal-
function, would automatically shut down the reactor through the low-
coolant-flow scram and rundown channels. Calculations indicate that core
temperature would rise to about 68500 Wwith no coolant flow and & power
history of 1 Mw for 9 months. The maximum temperature would occur 7—1/2

hr after shutdown.

4,2.2 Loss of Electrical Power

Loss of electrical power resulits in a2 scram through several chan=-
nels, but primerily it de-energizes the scram valve in the shim hydraulic
system. The hazard, if any, is the same as for loss of coolant pumping.
There are dual emergency diesel generating units at the site to which
most instrumentation, one coolant pump, and the heat exchanger blower

automatically transfer in case there is a main power outage.
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4,2,3 Malfunction of Heat Exchanger Air System

Malfunction of the heat exchanger air system can result in an
abnormally high or low cores tempersture. If, during 1 Mw operation, the
heat exchanger air system malfunctions so that there is no heat removal
and all other conditions remsin unchanged, the system equilibrium temper=-
ature 1s about 580°C, which is permissible.

A malfunction which causes overcooling might lower system temper-
ature below the fuel freezing point. Although freezing the fuel 1is not
in itself hazardous, it could result in capsule rupture because of fuel
expansion from freezing. Conditions uwnder which freezing fuel might
rupture o capsule and the number of melt-freeze cycles which result in

rupbure are under investigation.

L.2,4 Malfunction of Cell Air System

Malfunction of the cell air system causes no immediate hazard.
Less of cocling ailr flow through the graphite neutron shield would raise
shield temperature, bul no detericration of the grsphite would occur
unless operation at high power were continued for some time. Loss of
cooling air through the sodium eguipment room would slowly raise the
ambient temperature in that rcom and eventually result in the deteriora-

tion of components and electrical wiring.

4,2.5 Malfunction of Shim or Control Rod Actuation

Malfunctlon of shim or control rod actuation is, by itself, not
hazardous. Although the reactivity that can be 2dded by the shim is
large, it 1s planned that criticaslity will be achileved only by control
rod movement after the shim is up and positioned mechanically against a
stop. Normal control rod reactivity addition rates will be about 5 ¢/sec.
Malfunction of the hydraulic pressure regulator might increase this rate

to 10 ¢/sec. The maximum cepacity of the pump which ¢rives the shim
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cylinder is such that were the pump connected directly to the cylinder,
with no throttling restrictions in the oil lines, the maximun reactivity
insertion rates which could result would not exceed $2.25/sec. In gen-
eral, hydraulic and electrical components of the actuation system ave
fail-safe, and their malfunction results in the shim or control rod
being either inoperable or dropping.

If the shim were to stick at the time of a scram signal resulting
from a power excursion, the reactor power and fusl temperature would
increase until the prompt negative temperature coefficilent of thz fuel
compensated the excess reactivity producing the excursion. It should
also be noted that the control rods are operated independently of the
shim and a scram slgnal will automatically initiste simwltaneous with-
drawal of the rods. This is a relatively slow effect, amounting to 10
to 15 ¢/sec decrease.

In order to minimize the sticking possibility, great care is
being taken with shim and push rod aligmment, clearances are relatively
large, and installation of the hydraulic system 1s being carefully super-
vised. A vigorous test of the system prior to nuclear operation is
plamned. A hydraulic accumulator in the shim hydraulic system will be
employed to maintain a pressure reserve to forece the shim down in the

event that the sgcram valve sticks closed,

4.2.6 Malfunction of Fuel Charger

The only credible malfunction of the fuel charger to produce a
dangerous situation is that of a fuel element somehow being disengaged
from the lifting mechanism and falling into the core. An estimzte of
the size of the power excursion which this malfunction might cause was
made by means of reactor kinetic equations which were simplified by
neglecting the effects of delayed neutrons.

This calculational method was tested by applying it to the core
of Godiva whose power excursion characteristics have been experimentally
studied.
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The prompt temperature coefficieant is assumed to furnish s shutoff
mechanism which counteracts the ramp reactivity insertion by an amount
proportional to the ensrgy released as the power excursion progresses.
This calculated procedure was applied to the following hypothetical
gituation: The reactor is barely subcritical and a central fuel element,
sbout to be inserted, is dropped by the capsule charger and falls into
the core, unimpeded by friction. This situation supposes an interlock
to be inoperative, a completely uninformed operator, and an equipment
malfunction.

A central fuel pin is estimated to be worth gbout $4, or approxi-
mately 70 ¢/in. of inserted length. The fuel assembly would fall 10 ft
before the fuel pin entered the core, and the maximum velocilty as the
pin approached the core could not exceed the corresponding free fgll
velocity of about 27 ft/sec. This could produce a ramp reactivity in-
sertion rate of nearly $250/sec. The nuclear burst, which can be shown
to be oscillatory, would reach a peak power level of

P = 8 x 10® watts
mazx

The ramp reactivity insertion would persist for ebout 0.018 sec, and a
series of bursts, separated in time by ~10 = sec, would occur while re-
activity was being added. The energy release per burst is estimated
to be

~z

= 0 4 -
Eburst 2.7 € 10% watt=gsec

and the total energy release would be

=} 5 -
EtoJG beH x 10 watt-gec

The fuel temperature would rise about 135°C. No mechanical shock to the
system should occur as a result of thls excursion; it is estimated thet
reactivity insertion rates greater than $5000/sec would be mnecessary to
produce shocks, as long as the expected prompt shutdown coefficient was

effective.
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4,3 Hazards Created by In-Reactor Experiments

Wo in-reactor experiments are contemplated.

L,y Hazards Created by Act of God, War,
Sabotage, and Extermal Explosion

The installation of the reactor proper in a heavy-walled cell in
a basement location makes it extremely resistant to the violence of the
elements and to external explosions. It will be seen from the discussion
on seismicity that the occurrence of an earthquake of intensity sufficient
to damage such a cell is extremely remote.

Windstorm, lightning, and earthquakes of foresesable severity might
cause superficial damage to external facilities such as the air heat dump
and ventilating system, but not to the reactor, or even with any likelil-
hood to the sodium system in a neighboring basement room. Flooding of
the area is a virtual impossibility because of the mesa-top location of
the building.

There is little possibility of ssbotage because the site is lo-
cated within a guardesd security ares. The small advantage gained in
sabotaging a small experimental reactor would seem to make LAMPRE I an
unlikely target.

It is believed that the reactor in its cell could withsband
several orders of’magnitude larger nuclear weapons blasts than could

persconnel in the area.




5. ADMINISTRATION AND PERSONNEL

5.1 Organization

The division which 1s building and will operate the reactor 1s
made up of three groups, one having nuclear physics as its main interest,
one whose primary effort is in the field of chemistry and meterials, and
& third which is conzerned with engineering. Personnel responsible for
deslgn and febrication came from all three groups and were aided by
various Los Alamos Scientific Leboratory groups outside the division.
Some tasgks performed by others are, for example, tantalum capsule develop-
ment, fuel alloy fabrication and analysis, and nondestructive testing of
components.

Of the total of some 4O scientists and engineers in the division,
gbout 15 have been directly concerned previously with the operation of
one or more reactors. Two reactors, LAPRE I and II, have been operated
at the site.

5.2 QOperators

The operators for cold critical ani the early phases of power
operation will be staff members from the division. When the character-
iztics and behavior of the resctor are determined, technicians will be
trained as operators. A staff member supervisor having detailed knowl-
edge of the reactor and of established procedures will be in charge sat
all times.

- 103 -



5.3 BStaff Training

Prior to the hot critical experiments a school will be conducted
for personnel who will be concerned with reactor operatlons. Besides
familisrization in some detail with the entire installation, written

procedures will be thoroughly studied.

5.4 Safety Regulations

Safety regulations, operationsl procedures, and check lists have
not yet been written, but will be formulasted prior to the loading of any
fuel into the core. Proposed regulations and procedures will be reviewed
by a committee whose merbers are experienced in critical assembly work

and in reactor start-up.

5.5 Security Regulations

Operations, from a security standpoint, will be conducted in con-
formance with existing regulations and within the framework of Atomic
Energy Commission security policy. The reactor site is surrounded by =
security fence, the gates are manned by the Atomic Energy Commission

protective force, and only asuthorized personnel have admittance.
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Appendix A

LAMPRE CRITICAL EXPERIMENTS

In support of the LAMPRE program, two critical experiments were
performed at the N Division (Pajarito Site) remotely controlled critical
assembly facility. LCX I (LAMPRE Critical Experiment No. 1) mocked up
an early LAMPRE I design. Since, in the development of the final LAMPRE I
design, extensive modiflcation was made of the core and other components,
the need arose for additional critical experiments. These experiments
(ICX II) were performed using the machine depicted in Fig. A.l.

The LCX IT core counsists of approximately 24 sandwiches, each of

which contains four 5.94% in. o.d. disks of the following materials:

Thickness
Material (in.)
Pu (clad with 0.005 in. Ni) 0.122
Al (perforated to make number of
Al zboms per em® equal to atomic
density of Na at 5060°C) 0.075
Ta 0.022
8.8, 0.01k4

As seen in Fig. A.l the core is reflected on all sides by iron,
which was more readily availleble in the required shapes than the stain-
less steel selected for use in LAMPRE I. The side iron reflector consists
of a 3 in. thick fixed reflecbor situated adjacent to the core, and & 3 in.

thick, 12 in. long, movable reflector surrounding the fixed reflector.
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his movable reflechtor serves as the resctivity control shim. Criticsl
masses measured over the 12 in. length of shim travel are shown in Fig.
A2, It is seen that the shim worth is 1050 g, or ebout $12.4 on the

Lbaalz of ilhe aeasured nmass-dollar relation:

2/ §1.00 = 0.51%/§1.00; £5 = 1,06 #/g tuel alloy

Az a consejuence of this messurement of shim worth, both the thiclimess
znd loangbh of the LAMPRE I shim were inereased (over the LCX IT dimen-
sions) in order to obtaln the desired amount of shut down Ak. Similerly,
the worlh of the LCX IT vernier (control) rod, an independently actusted
srall section of the sghim, hai a measured worth of 30¢. The control rods
in LAMPRE I are larger than those in LCX IT and are made of nickel to
further increase their effectiveness.

The shield in LCX IT consists of the same type graphite cylinders

as will be used in LAMPRE I; however, only 18 in. of the nominal LAMPRE I

3~1/2 £t shield thickness is used in LCX II, since it appeared this

gmount would serve to evaluate the shield contribution to reactivity.

This contribution was measured to be $E.

Other experiments performed on LCX IT include:

g. An examination of the effect of plenums situsted at the ends

of the core.

b. A measurement of the critical mass of the core containing

only the nickel-clad plutonium disks, and ne diluent disks.

c. A comparison of the effectiveness of stainless sbeel, rickel,
and copper as conbtrol rod meterials. (A relative effective-
ness of 1:1.62:1.68 was observed for equal volumnes of stain-
less steel, nickel, ani copper.)

d. An investigation of the effect of increasing the density of
the core plutonium. (A l% increase in volume-averaged plu-
tonium density decreased the critical mass by ~1%.)

e. The exaninabtion of several oscillator rod designs.

f. he testing of the transfer function analyzer ejyuipment which
will be used on LAMPRE I.
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Appendix B

FUEL ELEMENT BOWING

B.1l Introduction

Data from LCX II lead one to expect a power density in the LAMPRE

core waich is well epproximated by the expression

P(r,z) = Py cos (3%63) cos (E—:gg%%—g) (B.1)

where r, z, and H are in inches. Here Py is the power density at the
center of the core, H is the core helght, and the origin of the cylindri-
cal coordinste system is taken at the center of the bottom of the core.
If we let 6(r,z) represent the temperature rise in the coolant sbove

that entering the botitom of the core,

@(r,z) = 8(0,z) cos (3?53) (B.2)

This leads to a radial temperabture gradient

8%(r,z) = :9%?6%l sin (3?68) (B.3)

Taking 9(0,H) = 147°C (em = 113°C = mean rise through core) as repre-
sentative of nominal LAMPRE I operating conditions, one obtains the

values given in Table B.l.
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Table B.1
NOMINAL CORE EXIT CONDITIONS

. o

(e, = 113%C)
r (in.) 0 1 2 3
9(r,H)(°C) 1h7 139 117 a2
6°(r,H)(°C/in. ) 0 -15.4 -29.2 ~39.8

The radiasl temperature gradients of Table B.l will be super-
imposed upon the local temperature varistions in the molten fuel,
tantalum capsules, and coolant stream. Specifically, sany particular
tantalum cepsule will be hottest nearest the core center lire, znd will
therefore bow inward with a curvature C and rajius of curvature R

Le

given by

1
C == =006 (B.4)
RC

vhere ¢ 1s the thermal expansion coefficient of the metal,”

From Table B.1l it will be noted that 27 1z roughly proportionsl
to radius. Hence capsule curvature and deflections toward the cors
center line are also about proportional to radius, leading to spproxi-
mately uniform density variation over the cross section (at a siven
value of z) as bowing occurs.

The tantalum capsules are taken to be simply supporbed ab thair
lower ends, where their conical tips fit into mating holes in the bothtom
loecator plate, Their tops are rigidly sbtached to long 17-4 PH stsinless
steel handles which sre themselves subjected to radial btomperabturs gradi-
ernts over part of their lengbhs. Figure 2.12 shows an eunbire fusl

element. The round part of the handle is in conbacsh with a flowing

sodivn, so it may be assumed to be essentially free of redial tewrsra-

vure gradient snd bowing. When assembled st roon temperaibure, the



handles are expected to fit snugly ageinst each other at the splins
section, just above the core. However, the spline metal (17-4 PH S.S.)
has a lower temperature coefficient of expansion than the 18-8 stain-
less steel container which surrounds the fuel element arrsy, so that at
operating temperature some 0.020 in. differentisl expsnsion occurs across
the entire core. If we assume the cumulative clearance across the core
dismeter (at the splines) at room temperature to be 0,005 in., the
expected clearance at operating temperature will be 0.025 in. across the
core, or about 0,0016 in. per gap.

The nominal clearance per gap at the lower ends of the hexagonal
parts of the handles is 0.0Ll7 in., some ten times that at the spline
section. Since the long handles will not be perfectly strailght, actual
gaps existing at either spline or hexagonal sections will be subject to
large variations from nominal values. The lower ends of the hex section
have about ten times the nominsl separation of the splines, and they sare
only about three times as far from the pivot points (tantalum capsule
tips).- Hence the splines are more likely to provide the constraint of
warped fuel element assemblies than are the lower hexagonal sections.

Meximum bowing reactivity rate (¢/kw) is produced if each and
every fuel element is free of constraint except at its lower end (coni-
cal tantalum capsule tip) and upper end (top locking section). In the
calculations reported below, the splines are assumed to be initially
thus free of coanstraint and in their nominsl positions. This assumpition
leads to maximum rate, but largest total bowing reactivity would result
if one assumed all splines to be initially pressing outward against the
core container. In the latter case the total reactivity due to bowing
would be perhaps twice as large as calculated below, but the rate
(¢/kw) would be lower.

With the splines free of constraints at the start, radial temper-
ature gradients far less than those of nominal operating conditions of
Table B.1l are sufficient to displace the spline sections to the extent

that all splines will be in contact. For temperature gradients gbove
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those required for spline constraints to sct, bowing effects are much
smaller. Under these conditions, sctual bowing becomes a complicated
function of section modull and elastic constants in the entire fuel
element assembly. If one considers the inward bowing that would occur
in & simple fuel capsule simply supported at both its lower tip and at
the spline section, the inward bowing will be overestimated, since the
bowing of the handle will certainly tend to transmit through ths spline
sectlion an effect at least partially opposing the inward bowing so

calculated.

B.2 Results

Estimates of bowing have been made using LAMPRE T constants under
the two assumptions outlined in the preceding paragraph. In addition,
the following assumptions have been made: (1) Vertical variation in
power density has been neglected so that coolant temperature 1s assumed
to rise linearly with height from bottom (inlet) to top (outlet) of the

core. This means that in Eg. B.2

8(0,z) == 6(0,H), 0<=z<H (8.5)

=

(2) Radial temperature gradient is assumed to follow Eg. B.3 within the
core. The fuel element handles up to the top of the round section are
assumed to be subjected to the same radial gradient as that existing at
core outlet plane. (3) The long hexagonal sections of the fuel handles
are considered to be subject to no radial gradient and to remain straight
extensions of the round handle sections. (L) Results are expressed in
terns of average coolant temperature Ga, the coolant temperature rise
(above entrance temperature) averaged over the entire core--that is,

half the temperature rise Gm.of the mixed outlet coolant stream. For
example, the average coolant temperature Ga for the nominal operating

conditions of Table B.1 would be 9 = em/e = 1139¢/2 = 56.5°C.
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(5) Dimensions (measured from lower end of tantalum capsule) and materials
data used in the calculations are as given in Teble B.2. (6) Reactivity
worths are based on (a) LCX II value of 1.18 ¢/g combined with (b) S,
calculations giving (4m/Ap) = -1.91 x 10® g/(g/cm®) fuel alloy density
(i.e. =610 g or +720¢ for -1% AR/R at constant core height).

Table B.2
DIMENSIONS AND MATERIALS OF FUEL ELEMENTS
Range (in.) Part Meterial Expansion Coefficient o
0 - 6 core Ta 6.5 x 107¢/°¢
6 -  9.75 core to spline S.8, + Ta 9.1 x 10 ¢/°¢c
9.75 = 32 round handle 17-4 PH (S.8.)  11.7 x 10°¢/%¢
32 - 123 hex handle 17-4 PHE (S.8.)  11.7 x 10 8/%C

A summary of the results is given in Table B.3. The positive
power coefficients listed have been broken down into (1) a slightly de-
layed component due to tantalum capsules bowing in the core, and (2) a
delayed component due to bowing of the handles. The first component,
effective at all values of 6_, has the value +0.043 #/kw. The second
component is present only up to Ga = 6°C, and has the value +0.643 ¢/lor,

Table B.3
SUMMARY OF BOWING-EFFECTS ESTIMATES

Displacements at R = 3 in. Full Flow Power .Effects
AR (mils) in intervel Aba(oC) Reactivity Effects (£%/0P in #/wkw)
Range of Spline Effective Core 2k ( ;ﬁ) Ak/[ﬁa Slightly
@a(oc) Pior) LR LR and AR/AS at 8 (£/°¢) Delayed Delayed
2~ 6 100 =10 -3,06 =051 +73.5 +12,2 +0, 043 +0.643
6 - 56 1000 0 =1.60 =0,03%2 +112,.0 +0. 77 +0,043 0
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It is estimated that there will be a prompt power coefficient
associated with fuel expansion amounting to about -0.556 ¢/kw (based on
estimates that Ak/ASf = -3,21 ¢/9C of average fuel temperaturs rise end
that the average fuel temperature rise, Gf, is equal to 5.1 Qa for
nominal operating conditions). The capsule bowing cosfficient is neces-
sarily slightly delayed as compared to the prompt fuel coefficient, as
the capsule bowing is driven by fuel temperature rise effects; the magni-
tude of this delay is about 0.1 sec. The handle bowing power coefficient
is still further delayed by a time estimated to be of the order of 2 or
3% sec=-=-because of sodium trensit time effects coupled with thermal
capacity of the handles.

There are other sources of negative power coefficient having
delay times as short or shorter than the delayed handle bowing coef-
ficient. Among these are density changes of the coolant in and above
the core and of the fuel element handles (acting as reflecting material).
Caleculations lead to estimated values of -0.088 £/kw for these delsyed
effects before the splines maske contact (Ga = 6°¢), and =0.134 ¢/kw

after splines mske contact.

B.3 Discussion

A summary of the reactor power coefficients discussed above is
presented in Table B.L4. It will be seen that the net prompt coefficient
has a large negative value at all power levels, whereas if one includes
delayed effects (several seconds time constant) the over-all power co-
efficient may be slightly positive at low powsr. It must be remembered,
however, that we have assumed the worst possible situation--namely, that
all fuel elements are completely free of counstraints over their entire
length of sbout 10 f£t.
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Table Bo.kh
SUMMARY OF REACTIVITY EFFECTS

Range of 9 (°c) 0=~ 6 6 - 56
Power at full flow (kw) 0 - 100 100 - 1000
Power reactivity coefficients (¢/kw)

(a) Negative

Fuel expansion (prompt) ~0,556 ~0,556
‘ther negstive effects (delayed) -0.088 ~0.134
Total negative =0, 64k -0.690

(b) Positive

Capsule bowing (slightly delayed) +0.043 +0,043
Hendle bowing (delayed) +0,643 0
Total positive +0,686 +0.043
(ec) Totals
Net total power coefficient +0.0L2 -0.647
Net prompt power coefficient ~0.556 -0.556

It is likely that there will be sufficient deviation from straightness
of the fuel assemblies to cause a falr number of them to be in contact
at the spline section, where nominal clearances are only about 1.6 mils.
If only 7% of them are so constrained, the resulting over=-all power co-
efficient would become negative at low power as well as at high power.
Also, about half of the 0.643 #/kw contributed to the power coefficient
by the handles is due to the long straight hexagonal sections acting as
extensions of the round sections where the bowing occurs. This contri-
bution will vanish to the extent that these hexagonal handles are con-
strained by warpage.

In any case, in the power range where the net coefficient is
positive, the total magnitude of reactivity caused by bowing (about 75¢
grogs, of which all but 4 or 5¢ is nullified by negative reactivity
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effects) and its time constent (several seconds) should present no
appreciable control problem. Further, for all powers above aboutb 10%
of nominal operating power the nst power coefficient has a large negative
value; no control problem is anticipated.

It should be pointed out, in conclusion, that the above analysis
applies only to full sodium flow conditions. Consider, for example,
the conditions at Ga = 6°C at reduced flow. Since the temperature rise
within the fuel (Qf - Ga) is proportional to power level (now reduced
in proportion to the flow), the fuel is now cooler than for @a = 690 at
full flow. Whereas for full flow it was estimated that Gf = 3.1 Ga, we

get instead 0, = Ga in the limit of wvery slow flow. The prompt negative

power coefficient due to fuel expansion is therefore reducsd a factor
3+l relative to all other power coefficients; the latter are, of course,
inversely proportional to the flow. The bowing reactivity at & = 6°C
remains at +75¢, while the compensating negative reactivity is reduced
from -69¢ (full flow value) to -29¢ (slow-flow value). It should be
recalled, too, that the 2 or 3 sec tlme constant assoclated with haundle

bowing increases in inverse proportion to the flow.
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