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* tA exponential pile is, however, an ambitious project*
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ABSTRACT

There probably exist lattice designs considerably better than the one

currently in use in Hanford piles# In current practice, the experimental
study of a proposed pile lattice requires the building of an exponential
pile* Exponential piles built during the past tuo years bare made poss-

ible advances in lattice design vhich probably/Justlfy several tints the
trouble required to build then*

It requires about
e year to build* It costs in excess of (100,000* Once such a pile is

built it yields the buckling of e single type of lattice and la then

tom deem* pecouse of the large number of variables in a pile lattice, a
quite large number of lattices must be explored before an optimal oan be
found* The present paper proposes a lattice teat pile, (or LIP) as an
alternate to the continuing program of building up and tearing down of
exponential piles* Such a test pile may be expected to yield not only
the buckling of a proposed lattice but other pile constats as veil* It
gives sore complete information about the lattice tested* The materials
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uaod in = lattioe teat pile, mostly graphite, are roughly equal in bulk to
thosa in a single exponential pile. An inventory of 20 kg, very roughly,
of enriched uraniumwould be required to run the proposed lattice teat
pile. It would cost as much os a “Ffew* exponential piles, exclusive of
uraniumj further study is needed to show whether this "“few' means t

fsotor of t@o or five* Once built, a lattioe teat pile would be a perman-
ent Installation.

By far the greatest advantage of a lattice teat pile is that it measures
pile lattices with a much greater speed than can exponential pilcsj

greater by a factor of ten iIs a conservative guess. This 1a possible
largely because the test sample of the new lattice required for a lattice
tast pile is fraa 1730 to 1/50 as large as in an exponential pile. It
sees* likely that lattico improvements for production piles could be found
and put Into use, with the aid of a lattioe teat pile, many years before
they could be found with the aid of an .exponential pile only.

The analysis of experimental readings takenwith an LTP is more complex
than with an exponential pile} a feature which has retarded the development
of ideas on the LTP, whose basic idea is-several years old. This greater
complexity arises from the importance of edge effects in the small sample
of test lattice used in the lattice test pile. A method of allowing for
these edge effects is presented in what follons.

DESCRIPHCEl OF A LATTICE TEST PILE

The principal properties of a neutron pile are conmonly expressed in tems
of certain pile constants such ac buckling, reactivity, diffusion lengths,
etc. Host of these pile constants are in principle determined as soon as
one knows the design of a single cell in the lattioe of fuel rods and
moderator which comprises most of the bulk of a pile= The problem of pile
lattice design may bo phrased! What lattice has the most desirable pile
constants? Current theories can give only a partial answer to this prob-

len. The more reliable pile constants, now a days, are experimentally
measured.

The current method of measuring pile constants involves the use of expon-
ential piles. A typical each pile Is a graphite cube about 12 feet high,
built up of accurately drilled and milled graphite bars. An exponential
pile, although snail compared to a production pile is still truly elephan-
tine. After the measurement of one buckling has been made with such a
pile, its usefulness is over, and It is tom dowm. An exponential pile
may be criticized for its bulk and expense. A more serious objection to
such a pile is that It is not entirely adequate. As customarily used, it
yields one pile constant quite well, the buckling, and not very much more.
For example, it does not measure the conversion ratio of the lattice of
ihich it is built. The foot Is that the utility of the pile lattice con
only be fully judged after several pile constants are known, not all of
which can bo given by on exponential experiment.
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The purpose oT the present essay Is to describe a lattice test pile which
nay be smaller and cheaper than an exponential pile, and which in addition
nay yield several pile constants descriptivo of this lattice Instead of
one or two. The general idea of such a pile has been discussed from tins
to time at Hanford for several months. This general idea Is that the
test pile should consist of two parts, a core and a driver. The core
might be a eet of nine uranium rods with associated moderator, the entire
core forming a comparatively email sample of the lattice to be tes™*l.

Its dimensions could be about 2* x 2* x 6%, This core, which would have
to be mads anew whenever work started on a new type of lattice, would
weigh roughly 1/$0 as much as an exponential pille which is built anew in
current practice when measurements start on a new lattice. The driver
woulld consist of a cylinder of graphite about six feet in diameter and
about seven feet long with an axial hole for admitting the core. In addi-
tion the driver wodid be drilled for the "‘driver reds'”, which could be
made of an alloy containing enriched uranium. These driver rods, parallel
to the axis of the driver would lie on a cylinder of about four feet in
diameter. This cylinder would have distributed over each base, a set of
"leveling slugs'”. By a leveling slug is meant a short length of rod,

roughly four inches in length, and of the same type as that used for the
driver rods.

Bringing the pile to critical would be effected through radial motion of
the driver rods out fressor in toward the axis of the pile, and through
axial motion of the leveling slugs. Each driver rod would be mounted in
an eccentrically bored tube of graphite, about eight inches in diameter
which would be mounted in a graphite hole iIn the driver, with sliding
fit. The rotation, iInphase, of the eccentric tubes would vary contin-
uously the radius of the cylinder containing the driver rods, without
making voids in the graphite near these rods. The leveling slugs in the end
of the driver would be divided Into three concentric rings, the sings in
soy one ring being rigidly connected. The sings In any one ring could be
moved along the length of the pile independently of those in the other

tings} these rings would move in dead-end holes in which there would
usually be voids.

In operation the rings of leveling slugs in the driver rods would be
adjusted by trial and error until the pile was critical and at the same
time had aero longitudinal buckling everywhere on its equatorial section.
Doe to and and edge effects, there would probably not exist any adjust-
ante of the leveling rings which produced axial leveling of both the fast
and thermal fluxes throughout the length of the core. These edge effects
die down 1n about one migration length or two feet. A two foot length of
the core at each of i1ts ends is present simply to provide space in which
end effects may die away) it acts similarly to a guard ring in a precision
condenser for electric charge* It is only the mid section of the core to
which a detailed analysis will be applied, with the simplifying assumption
of no axial variation of neutron density. After the pile has been simnU
taneously leveled and brought to critical, then a reading of the radius
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oat to the driver rods gives la principle one pile constant, or at Inset
one relation between pile constants* In vhat follows, a mathematical pro-
cedure for interpreting this sotting will be outlined.

MEHPRETATIOW OF REIPPPS (K K LATTICE TEST PILE
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A schematic cross section of the pile is given in Figure II* Each
circle represents a section of a metal rod. The remainder of the section

is through graphite* Wewill apply the small source model for analysing
the neutron flux, HV-2b282* Within the graphite

O (v-\'h -1fy-r/pJ-ti

In this equation, nis the thermal neutron density,\the diffusion
length in graphite, D the diffusion constant, q the slowing down density*
Q is the sink density for the i»th rod) that is the number of neutrons
absorbed per second per on of length by this rod* The i functions in (1)
are approximately correct because the radius of a uraniumrod is nail
compared to the distance between adjacent rods* The age equation reads

Y.
Y0
We put
/ ») * %

so that
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where S, is the source atrentth of the i*th rod, that ie the mseber of
neutron! produced per themil neutron absorbed In the 1"th rod. We writs

according si the 1*tli rod ie in the driver or core, h ia ceilod the slug

m(u%ti_plication for a driver rod and similarly for h, . °the solution of
»

2.5 n(vi/~d

.*

For all, or almost sll eases of Interest, the neutron buckling will be
sufficiently small so that the change in sink strength «s we go from rod
to rod within the core will bo very small. For the present, then, we
write s Q, when the i»th rod la within the core. Similarly, we write
as a good approximation when the i*th rod la within the driver.
Equation (3) contains the two cdnatants and as yet undetermined.
To determine these constants we uae the boundary conditions

A» is the blackness of the thermal rod, that is, ths probability that a
thurmal neutron, having once entered such a rod will ba absorbed before
emerging into the graphite. The integral j* 1ia an integral over the
surface of the unit length of the driver red of the total neutron current,
J it the neutron current, <*7an ires element, fa adjJ* ham corres-

ponding meanings for a core rod. For Jwe write the expression from
diffusion theory

We will use the relation

2<A0"\) *
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where the summation J-3 If over all rodi except the J*th. Approximating
tmm hr integrals glmv

O Oy> il
* xS (ii)

This la an integral equation determining the yet undetermined function

Qf»). Put QEH» & J( ) ***« H a e« constant to be determined* W
nod the Intefferal formulS

[*«*)*«#* = < ,&

from vhich

where A j» the radius of the circle whose area equals that of a cell
cross section* W& have also

We have

The last integral in (1l) thus becomes gt=*.

r=1 J~Cm
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Substituting in (11) yields

tTissa+st1 7

tL/\ _ N

which determines the buckling K2 as a function of /, i and the lattice
dimensions. /

DEDUCTION OF ¥ FROM h ANDA

To ccngmte fF in terms of h and A, we simulate a lattice cell by an
mequivalent cylinder’”. WIthin/tho graphite of thia cylinder

@) (V-A"V*  +f~ A

where the notation follows that of equation (1)9 but where g may be
regarded as a constant throughout the cell. The solution of (13) is

letA* designate i T* evaluated at the edge of equivalent cylinder, where
A e MDA W constant of integration A Is detennined by

&*&/,) *

The boundary condition at the slug surface reads

0f) J X

" -d.
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Substituting in (Y gives

~VIkw)

which iIs a form of the pile critical condition* If k is the pile multi-
plication constant,

k also satisfies

- X
f

Since |_ *n<U”N have been assumed known from the beginning, and since the

finding of “"pwas outlined in the previous section, we may now regard k
as known*

Also, by definition of ft
ift-/
where V is the graphite volume per unit length of a lattice cell*

Substituting (15) from (16) and (17.) finally yields T in terms of known
quantities*

SPMMAJT 1

The preceding analysis is approximate In several ways, the sink function
used probably should be replaced by analogues derived from transport
theory* An attempt is being made to find these analogues* The effect of
resonance capture on the slowing down of neutrons has been ignored™
Despite these imperfections the preceding analysis probably is more de-
tailed than that usually used in pile engineering® In particular, it
seems as accurate as that used In connection with exponential piles*

The effect of the inaccuracies In the pile model which has been used In
the analysis will be reduced by the fact that the formulas contain

several empirical constants, determined to fit quite accurate measurements*®
The lattice test pile could be calibrated with the aid of any lattice
sample whose pile constants were known in advance*
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The conclusion is that 1T experimental work on pille lattice is to cotinue,
than the buillding of a lattice test pile, along the lines described should
be very seriously considered, () as a substantial econany, @) as a

more accurate naans ofasking lattice measurements and (3) as a more
coplete way™
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