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Control has turned out to be relztively easier than at firstifearedg
The generzl method is to vary‘k (in exverimentol piles, variation ~ 1% or less)
by‘movinw a rod bearing Cd or B ints or out of the pile. 1In vnractice several
rods are proviied; one will have 2 fine asdjustrent and is the measuring instru-
ment, tue othefs are arranged as surety devices, more or lese automatic in
operation.

Intensity ( ~u, the thermal density) is measured with a BFy ionizatioﬁ
chamber, corrected for saturation by compuaring bie resdings agsinst the known
exponential rice of n with time for given setting of the control rod.

a) Sensitivity

Two msthods Of measuring k have bcén used; mensuring the relaxatién time
diréctly, and meacuring the position of the rod for vhich the »ile iz steady.

_ . — .
me £irst cnen cives a sensitivity depending on the accurscy of the(density
measurenents; the second is indenendent of instruments; being in fact a null-
method, esneciwlly if a galv. with a constant Diazing current is used.

In case two there is aninteﬁ&tiné relation. We have for the period(when
delays control) ey e
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If we sel Tor £-0, wWith an error Ag¢, and observe that the intensity does not
change witﬁ:bur sencitivity, forA® seconds, we have'ﬂP'>’SD<PiBIT? = &N
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If we suppose we can detect a charge of 1% in density, thenA™ ‘7,0\? : .
and we have A’Qbﬁ <. 00\ gec. Thus a ten-minute observation gives Ag ~ 2-10-8,

This is not very d&ifferent ‘from the practicel case.
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t) Control
T(;vo ‘general types of control have been suggested:
1) Limit control: Thic control operates to actuate a control rod
wrere the neutron density crosses certcin pre-set limits above or below normal

operating intensity. Using the simple theory of paragravh VI b, we “ind the
. . . , ny -
time t between rod movements for a limit at n = ( v: 'D) no » T= % D
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f_‘ vlot of density versus tine
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- \/‘:‘m¢\ Thus for 2 56 T, t = .05 - 'E»‘,‘%‘gi' sec ~% sec.
;\* hOﬁD - \ i 1 This represents rather

in a typical case.
, 2) Derivative control: ~ serious huntmbu
For € = ¢ , m may have any valus. But ﬂh/(t # O  only when E.'%—'O

Thus detecting the derivative of the cessity should be a better anoroach than
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-simply the variations-in n. Supooss 1ave o controel rod viiieh works so that

its veloeity is determined gartly by neutron density and vartly by the derivative:
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control mechaniem,

It c., C’L are both positive, tie control opposes any cucnge in n.
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Ve can find solutions of this eyuation, which is. just the damped simple

wi

hsrrionici-motion ecguation, in the form e . @) has a real part and an imaginary

part, and fepresents a d=mped ogecillation.
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For small real W), for exemnle, w0 = —Cl/Cg, which represents a slow drift

back to zero. Tne derivative temm wouid coripensate for a c-ange in ¥ by letting
N increzse to about W= f%%%é:— y and then 7 would Grift hack to O . ith
relaxation time Cl/C2° Such1a control is very good in »rincipal, but iimited
available sensitivity seems to oreveut its vperation except for large changes

in k. It is still useful to include =ome Oy to vrevent disaster., In pfactice,
a combiﬁation 5f bot: methods would be used. The oncillations of &) ade not

bad because of their relative sloﬁness,'and b) aids the controi rasn accidental

deviations are considerable. In the experimentzl piles, mantial control see

entirely adecguate.
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" the tests.

Approach to critical conditions:

As 2z pile grows, it comes closer and closef‘td a self maintéining condition.
For general reasons; one would like to know how he is progressing, so measuremeﬁts
of several kinds are made at this time;

The nresence of spoﬁtaneous fiséion (amounting to lS’neutrons/sec/kilo of
U as oxide) provides a backzround intensity. This will rise to dangerous
amounte as the pile goes to comnletion. A number of Ca pieces inserted dvring
construction keep this activity down. They are removed veriodically to make
N

I. Extrapolated activity

Perhaps the best method, which serves cuantitatively to prgdict the critical
size, Tuns as follows: |

A measurement of activity (~n) is made at a point as ﬁear as possiﬁle to
tue effeative center., If we call the no. of fast nafural neutroné produced
per second oe: ame (, we have:
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'1-3* the critical Laplaciean
: for the given lattice.
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Oticr methods
1) Introdurtiva df sources, measurerment of the time. (See nart VI a.)

%) Introduction of sta.idard source measure activity of standard foils.

(Calibrtion method ~ CP~430)






