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FROCEDURE FOR IMPROVING TEMPERATURE DISTRIBUTION VIA EQDS AND COLUMNS - B PILE

INTRC DTCTION

The relaticnships relating poison distiidbution end consequent temperature
distritution are described in memorandum dated Septembder 27, 1945-sudbject
"Procedure for Improving Temperature Distribution via Kods and Columns"®,
by J. A. Wheeler and R. L. Menegus.

Since the developmert of relationships between rod changes and temperature
shifts, the temperature distribution of the B Pile hes been improved as

rmuch as possidle by shifting the rods, Certein undelances have %»een found
vhich can only be removed by improvement of the polscn pattern, At present

the maximm imperfection in the B Pile is 5% diagonal quadrupcle umbalance,

Ar estimate cof tie poiscn pattern needed to correct these imperfections is given
hereir. This poiscn pattern has been caloulated as an example of application
of the principles and is not intended as a recommsndation.

SUMMARY

A test vas mede on September 24, 1945 to check the magnitude of the temperature
shift dve to control rods which has been given in Wheeler and Mensgus to

Jordan, Septewber 27, 1945, "Procedure for Improving Temperature Distribution
via Rods end Columms™, By cambining these observetions with the principles

of flattening, a pattern vas arrived at which should prove satisfactory as
regards reactivity and balance of the temperature distribution, It is postulated
that the optimum control rod configuration holding about 50 ih 1s to have A und
9 reds at 120 inches out; because at this setting & given amall change in the
reactivity held by the rods results in the smalleet change in teuperaturs
distribution, The problem then i1s to pick a poison columm pattarn which willi
balence A end 9 at 120 inches out. This pattern holding a total of 408 1n
(actually 301 ih effective) is given under "Details”.
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DETATLS

The teat of the temperature shift due to rod displacemsnt was made two days
after the pile attained xenon equilidbrium following the startup of September 19,
1945, It wes established that 9 rod te set at 250 inches out and A be set

to keep the unit steady at 225 MW. By inserting 9 rcd to 200 inches out and
withdrawing A to ocompensate, the wnit was wmbalenced sufficiently to allow
measurement of the changes in temperature moments over a period of 24 hours after
the rod cshange., The results are shown in the attached diagrem, It will de
noted that about 6 hours after the rod change, the dipole moments reached a
mexirum falling off to the equilibrium values which for owxr purposes can be
measured after about 36 hours., It is seen that the change in horizontal dipole
mowent is about 4,66, and the change in vertical dipole moment is about 2.9%,
whereas the curves* predict 6.3% and 4,1$ respectively. The quadrupole moments
d4id not charge enough to make the results suitable for further use,

On withdrawing 9 to 270 inches out and inserting A to balance, the observed change
in the horizontal dipole moment is 8,6%, end in the vertical dipole moment is
5.7%, wherees the curvee* predict 8.7% and 5,4% respectively. On the basis of
this test for the present, we will use the curves as given as being a good
estimate of the temperature shift due to control rods,

Since we now have the absolute value of tkhe unbelencing effact of the control i
rode by eotual test, we are in a position t¢ determine what tho moments of i
the temperature distribution wouvld be if the rods were campletely withdiawn i
from the balanced pile., These moments are then the moments induced by the poison
pettern. Thus the pattern reoquired to balence both A and G et 120 inches can

be computed.

After the pile was balanced by withdrawing $ to 270 inches end inserting A to
compensate, the observed moments were:

Dy = 0.3%
Dy =1,9

ql = 208
Q@2 = 5.2

By Figure 1 of Wheeler and Menegus to Jordan September 27, 1945, we find that

the moments due to the control rods are: dy = 10,74 and = -17.3%. The
quadrupole effect of the control reds is not kmown, ther 9 wo will assure that
moving A from 43 inches out to 120 inches ocut end 9 from 270 inches out to 120
inckes out will cause no change in §;. Also we will assume tha’ A at 120 inches
out and 9 at 120 inches out induce no diagonel quadrupole moment, qo, The

value of q; = 2,84 above we will attempt to reduce to zero by giving the new
pattern en increase in @ of (520%)(2.8) = 1500 (Lattice-Unit) 2-inhours above
that of the present patterm, thereby we eliminate from subsequent calculations
any reference o the quadrupole moments - wntil the very end,

* Shoeeler and . .negus to Jordan "Procedure for Improving Temperature Distributioa

via Rods and Columns®, 9/27/45,
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The effects of the present poison pattern are then:

dy = -10.7 # 0.3 = =10,k end w 17e3 # (=1.9) = § 15.44. The polson memsmte
fxor the presont patiern are ocalBwlated to be:

418
=332
-5548
=355

With A and 9 at 120 inches out, the effect of the ~ontrol rods should.be exactly

oompensated by the poison patterm. The caloulation of the new pattern is then
as follows:

o -
Dy -

o =

Moments of Rods
A at 12C", 9 at 120"

Mcment to be Induced
by Polson Pattern

Moment Indnoed
by Present Poison

Pattern
dy = 24,3 dy = 2k.3 dy =-10.k
4y = =3.3 dy = 3.3 dy = 15,k
Charge in Moment Charge in Poison Required
Which Shouwld bpe Moment Required Moments of

Caused by Charge

New Pattern

in Pattern
&dg = -13.9 &D, = 417 b, = 83
24, = -12,1 aDg = 363 Dy = 31
Q 7 7050
= 0
A pattern which hes the required moments is:
2682 42,2 1n 1569 ° 24,3 1h
3179 k9,1 in 147h 38,7 1in
327h 49,1 in 1579 41.9 in
3169 31.5 1h 2082 39,0 1h
2666 13.6 1h 237h 68.0 1h
2066 10.4 ih
OORCLISION

The pattern as camputed above is the result of observations and calculations made
" on the 105-B plle, This pile has been unbalanced, notably to the right, for a
large fraction of its period of operation, and it may have other. asymmetries
‘sthich are diffioult /to observe. The observations have a rather low acowracy
since there are many disturbing influences, and consequently the predictions
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presunedbly have the same low accuracy., The procedure in arriving at e pattern
which will balence both A and 9 at 120" is to approach the pattern given above
in steps. Purhaps efter the first step or two, & revised egtimste on the
bewis of obsorveticns made on these changes would be in order.

Finally, it must be remembered that any pattern can give the be.at results only
when its total inhour wvnlue cen remnin constant. If increases in the strength
of the pattern neod to be made periocdically, practical oonsiderations limit

the number of columns which may dbe altered, and the efficiency of flattening
is lowered,
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed hercin do not necessarily state or reflect those of the
“Jnited States Government or any agency thereof.
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