| Cocn .l
Y . ‘:‘f/{ ‘ @

B-L6
‘ ‘Eb ' [57
DO NOT REMOVE THIS PAGE % . mmortNo. /2D, 5&@
@ This document contains _ ZH 37 %
~ Pages of Text and __ ) Pages N

’%of Figures, )
SThis is copy _ 445 of _F. 3 Series

wadid ifh
in Aav i€

be copied

K _»‘.

dbstroy 2d,
5. ,Yhe person

- . ; xc"qosighee s
the *nformatlon Offlce and rﬁcoraed there

Rante _+a Read_ daar MNate  _Rentaoa ta, Read by Date

.

Route to BRead pv_-DNste
[ Classification changed to:

710~ 1117

By Aufht)@mm ¥ ° L.
- Y-12 ’Jl‘ea:hmcaﬂ Libraey I - 8 {
I —- - ate:

By: ) RRITY :
X-906 E&mﬂ@mg 9711-1

. O
‘ 1
|

-




- |
¢

Contract No. W 7405 ~ eng. 39

A & % x ® K ok ¥ KX X

Section V
H. ¥W. Nowson, Section'Chief
~$***'$ 2k oA oA

JON CHAMB®R FOR CONTRCL AND OPERATICN OF

CLINTON HIGH FIUX PILE

& & ox % % % Kk & B K &

Fo, C. Armistaad

% & K K K H & & % K B X

November 8, 1946

Series £ Received: Deoo 2, 1946 Series A Issued: 12/31 /46




Contents

\

Section I - Inbtoduction aoo'eo--aae.ouoooc-ocoooooooo.ooooaocooocpage

Section IT - Determinetion of thé Desired Practicel Renge: the
Job Specificaﬁions ceosa oo.oio-.ooaDaencoooocoovvoooaopaga

Sect1on IIT - How Well the Present G.E. Chember Meets the Job
Specificatlonsoooooaoaooooooaoooo.ounooq-ooeoooooonpera

Section IV - PropOsed Design to Meet the Job Specifications .....Page

Table 1 .. uooooqa-coo.-oooooaooooooooooooooobovoooooooooaaooooooopage

"
Flgure lo.ooooooooocooeoooeoneoo-eaoooaaoo'oooaoouonaoouoooooooac.page

Appendix - Ion Chamber for Derivative Control ccocoecscccccnscscscsPege.

5.

10.

12.

14.

Ha.

15.



- o o =3= | XonP-203

ION CHAMBER FCR CCHTRCI. AND CPERATION OF CLIRTON HIGH FLUX PILE

I. Intrcduction

The proposed Clinton high flux pile will haﬁe such en excesé re=
activity bullt into it end will heve such & short neutron generstion time
(characteristioc of the pile meteriels) that dengerously rapid changes in
the power level will be possible. The control problem in this pile ‘is
more difficult then in previous piles, and demands upon the centrol 9quip=
ment are greeter than herétoforeo- |

The Clinton low fiux (grephite ) pile is controlled and operated
esgentially on the basis of information registered on e galvgnometer'con°_
nected to & differentiating ion chamber (CP-?SZ) and this chember lies
ingide the pile shield ageinst the reflector. In starting the pile wup
the first step is to withdraw the ocontrol rods until the'power is suoh

- that the gal&anomater beging to move perceptidbly. A careful pperatdr'
would detect this et no lower than 100 watts (or 1000 watts in the event
the ion chamber were non-differentiating -- See date in Section III),
From this level on up to normel operating power of apﬁroximetely 4 x 108 .
watts the pile power level is "in gight" of the operator. Thet is, there
is e renge of 4 x 104 (or only 4 x 108 for non-differentiating chamber)
covered by the one'instrumeﬁt on which pile operatiox end control princi-

~pally depends, Such operating prectice is permissiﬁle with a slow-moving
pile, yet in the new pile it would be extremely risky. If bﬁe waits for
the new pile to ccme "into sight".at goms intermediete level, it may come

.int; sight climbing so repidly thet it becomes dangerously high before

controls can be actuated. For such a pile the opsrator needs a greatly

g
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inereesed range of power level detection; preferebly the range would he

. such that it would extend from the normal operating level dcwh through

the lowest level a?_which the pile mey be when the operator wishes to

stert up egein. The desired practicel range is shown below (end of Sec-

"tion III) to be 105, which is 2.5 times the range normally covered by the

graphite pile instrument used es a differentieting chémber end 25 times
the renze when used non-differenfiatingo

Thé lowest power considered detectable is that at which #he ion
current that measures pile power is eas smell as the ion current due to /9
and ¥ activity of the pile end ion chember. Alternatively, in the cese
where the lon chember is used as & differenfial chamber . ;ith,/?and Yél

induced currents almost completely bucked out, leeving only the neutron-

" induced current to be reed on the boron coeted side, the lowest power con-

sidered dete?table is thet at which the ion current due to neutrons is es
small as the net remaining current due to pile and chember activity after
ghe best practical balance of these has been attained by chember design.
Tre problem of increesing the effective,rangelof the iom chamﬁer
s attacked on two lines: (1) extend the top of the range by increesing
the absolute sensitivity of the instrument, i.e., amperes ion current per
neutron flux unit, and (2) extend the bottom by decreasinz the magnitude |

cf the induced activity in the chamber ccmponents.
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II. Determination of the Desired Practicel Renge: the Job Specifications

The desired practical rahge is determined on the following basis.
The top of the renpe is fixed by the cperating level of the proposed pile.
The bottom of the range is the level the pile will heve dropped to af'ter
a shutdown by the time the opsrator wishgs to start up again. Of the
varions conceiveble sequences of operation aé the tims of e shutdown and
re-start-up, that one is assumed here which gives the lowest level from which

\

it'wiil froquently be necessery to re-gtert the pile. /

There aere two notable factors involved in the stopping and re-
starting of such pile as this will be: (1).the time variation of the photo-
neutron source stremgth, P, es a result of decay of ¥ emitters, end also
(2) the-timé variation of the multiplication factor kegrro 88 @ result of
poison concentrgtion. chiefly Xenon.

15135 hes an exceedingly lerge neutron-cepture cross section.
It is continually being produced in a pile by the decay of Iodinel35
which is produced as a fission pfodﬁct. Xencn is alsc ccentinuelly being
removed in a pile bcth by its own redicactive decay snd by the neutron-
cepture processes. The amcunt of Xgnon poison will rise immediately after
a shutdown since it is still being produced by decay of>the stored up
Iodine, yet it is noct being "burned up” es fast by neutrons. The emount of
Xenon poison will decrease egain, however, when the Iodine is so depleted
that Xenon decay proceeds faat;r than the Xenon p;oduction by Iodine decay.
The Xenon will grow to e concentration such that it will kill more reade
tivity than the pile has, even with all the rods out. The duration of this
doad period is expected to be from approximate}y 1 hour until appro:imateiy
2 deys after shutdown, eicépt in the cése.of'replacing-pert of the old
active material, in which cese ﬁ proportionate amount of the poison would

. be removed also. All intentional shutdowna.ﬁill probably be accompsnied

- by & replscement of much of the old ective meterieal.

' ' ’ ’ . -
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(1) Phctc-neutron Eff‘eot

With both deutenum and beryllium there is & gamma-n re-
action. The beryllium reflector of the proposed pile will therefors
act as a neutron source to e degree determined by the gamme activity
of the pi ie material. These photo-neutrons w‘illl maintain the powez"
of the pilé 8t an intermediste level for a considerable time after
shutdown. |

The calouﬁat/ion of the. photoene_utrén yield is medo diffi- 5

cult by the lack of date specific to the perticular prcblem. There
is emple information (CP=3472; MonP-172) on the yield expect;ble
from a D,zp - modereated reactor, and this is é’pplicahle only with ﬁnw
certaihti' tc a Be~reflected're§ctor; Although. by virtue of the lower
energy threshold i‘or the Be reaction then for the D reaction, there
ie (CP-3472) 3.3 tmes as great a photo-neutron yield expected in Be
as in D, there remains the serious q\/,testlon a8 tc how greatly this
gein is offset by (i) the greater relative leskege from & photo=-
nentrcn/ sourée wrich surroun/ds the multiplying medium than from a
‘gource which is within the multiplying medium snd (1i) the loss of
gammag by abgorptionm in the ordinary water of the Be reflected reac-
tion. However. on the assumption that the D20 moderated reaétor is
closely enough like the Be réflected one for the purpose at haﬁd,
the fi\gures are given in Teble I, Cclumn 4, for the pht:;iso‘yneutron
source strength at various times after shutdown. Thése figures are
based on experimental c;onsfants (MonP-172) and oalculstions by means
of the eqﬁation: |

P nout/sec = Vnesut/fiss x P pile watts before shutdown x 3 x JlO10 ._____ﬁ"{tse_o

[10“4 lx (lese”t/soss ¢- sqgs ect/sguss + 2003 e=t/3°44m
+ 00975 eat/ll’lm + 0,600 9°t/39-3m + 00676.0°t/2°4h

+ 0.0942 o=t/6:3h 4 05,0208 e*t/""'hﬂ
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(2) Multiplicetion Effect

The actual rate of neutron préduction in a multiplying

medium is greeter than obtained from the neutron source alone by

’ 0
the factor. ___1_-]:__1(____ the "multiplicetion”. Due to the varying
Xenon polsgon the multiplication factor k changes, and therefore
the "multiplicetion” T 1 . changes.

. The Xe,non' poison effect* has been plotted es e fuﬂctioﬁ
of time i'.n Figure 1, showing the {k pp of the gum of Xenon andl
Semerium poisoning et times up to 75 hours ef'ter shutdowm, where. '
the previous opereting f’luz wea 1. 2, and 4 times 1014 respectively.
The values of keff shown in Column 3 of Teble I, were obteined es
follows: '

kopp = kepp Of cold pile with rods in +3 kopp due to Xefion end
Semarium

/

= 0.92 +§kgpp from Figure 1.

From column 6 of Teble I we see thet most normel situations
. ]

cen be covered by an ion chember with & range of 10°. The exceptions

* Note: ' : ,
o Xo+Sm / ,25
51{ ff -k - fo(N 0‘5) (N 0'&) 1 1n kmno
of f o : o ——2sl
where k 4 =k, o @ 1.8

>k 0/,,L = 1.6/2.1 = 0.76
I..o2 = 3,64 om®
M2 = L2 + T = 3.64 + 64.2 = 67.8 om?

Lo

Xe+Sm '
end (N 0z)7° / (v 02)%° et times ofter shutdown was obtained from a

'paper row in preparation by H. C. Schweinler.

’ _
9
s
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are the special éases qf neerly complete replacement of old active

materialat times 48 hours and 72 hours after shutdown. However;

in these speciel ceses it would be proper to congider the re-start-~
© up ss practically the seme thing as an initiel stert-up and 1t could

be necessary msrely to exercise ceution in bting_ing the kgpp up to-

wards unity untii such time as the power had inocreased by 10 or more

into the range of the instruments. _ ‘

Of course it would .be desirable tc have a range of 1010 to
cover frecm opereting scurce strength ‘(':zlomm/sec) all the wey down
to a practicel-sized exte_rnal s'ource (:zlosn/aec): however, it is
primerily necessarj only to cover the period of time just before the
pile enters the irretrievable deed period, i.e., up to approxime'cely
1 hour, end hence a range of ==10% after shutdown. In that short

‘ interval there will be sdms haste to get .an acciden‘:..a.lly.stqpped pile
" back up to péwer again before it is too late, end the ion chember
must keep the pile power in sight of the qperaior during this time.

The ebove discussion congiders the range that must be

covered by the ion chamber 4n cénjuntion with the power level-control

equipment. On the chance that the derivetive control equipment might

make some greater demand upon the renge of the ion oﬁamber thié. prob='
lem has been enalyszed; see Appendix I. Equation (9) of this Appendix
gives Sy, the minimum permlssible retio of neutron amps t<; bsta end
gemma emps at the same neutron flux in terms of theopera,tiyng con-
ditions. |
For the following conditionss .
° ‘ nomél opereating power = 3 x 107 w.

dangercus (shuﬁd_ovm) power = 6.75 x 107 w.

B - _
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period of pile motion = 0.1 sec (essumed es a good
. figure, being 10 times es
. o large ss the fastest possible
: f period and 1/10 as emall as
_ the likely periods which may
, ' occur as the result of opera-
~ ting accidents).
'apparent periocd at which derivetive control alarms = 1 sec.
time deley in control equipment = 0.1 sec.
"It is shcwn in the Appendix thet the minimum permiseible ratio is
8, = 100. ‘ N
To recapitulate end to write the job specifications: an '
ion chember must be built which can give practical current.readings
through a range of at least 10° in the power level of a nuclear
reactor and which will have Sp = 100;_tha'practicality of the cur-
rent reedings should be determined on the besis of their being clearly ,
distinguishable against the background of the uncompensated bsta- and
gemma < induced ion current thaf is due to the chamber‘s own ectivity.

(TQ be on the sefe side the criterion of practicality is based on

use of the ion chember in the non-differentiating wey.)

-
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11I. How Well the Present G.E. Chember Meets the Job Specificetions

A fundameﬁtal assumption which is made in testa of the preséﬁt
G. E. chember is that the renge of the chamber (in the sense defined at
the-ccnclusion of the prévious section) is independent of the powei of
the reactor. For exemple, if by testing irn the X-pile we find that the
chamber is uséble from 3 MV down to 300 watts;.thsn wa conclude thgt in
e 30 MW rosctor it is usable only down to 3000 wsbts. In other wordss
the bheackground current‘whiCh fi#és the lower end of the useful rangs is
. assumed proportionel to the normal 6perating power. This seems reason- .
aﬁle-éinéé'it'is the neutron flux intenéity at normal oberation which de-=
termines the emognt of §§ckground current from the pile end chamber
activity. )
| Thé renge of the G.E. ion chember was messured as follows: a
chember which hed been inside.the shielding up ageinst the graphite of
the Clinton pile for e {ong period of time wes rémcved outéide the shield-

ing, and/fhe ion current due to its own activetion wes measured.

Neutron-lnduced ion current in chamber when pile wes C ,
operrtlng Bt 4 X 106 Watts veececovoseacsvesecsensas 4 x 10 6 ampa

Beta-end gamma-lnduced non-d1fferent1ated ion current
in chamber cutside shield i hour sfter removal {esti- .
mated to be 90Z of velue immediately after removal) ee . 10-9 amps

Beta-and gamna~1nduced imperfectly dlfferentlated -
ion current in chember & hour efter removalecccceccsvs ~10  amps

Fluotuatlcns in beta~and gamme-induced ion current -12
in Chember a hour efter removalgo-oooe-eccoloooaoaooov 5 x 10 ampa

4 x 10-6

\ 10-9.
~is emply lerger than the required 100. Alsc the renge of the chember if

Thus the quanfity'sr, of the previous section, = = 4000, which

used as & differential chamber would be 8 x 10° for perfect balancing of’
differential chember or ¢ x 104 for practicelly ettainable balanca. or

4 x 10% if used‘as a non~differentlat1ng ion chamberu The last figure

e
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A
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¢

is‘the renge we arq'most interestsed in. ‘ o
A renge of at lesst 10% is required (see conclusion to Part 1[I
above! end cnly 4 x 103 is ¢vailebls in tha'present chamber.. A factor of

improvement of 25 is to be sought in the renge.
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IV. Proposed Design to Meet Job.Specifications

-

As steted in Pert T above, fhere are two lineq\of ettack on
the problem cf idbreaging the range: (1) extend the top of the renge by
~ increesing the ebsolute sensitivity of the instrument, i.e., amperes
ion-cﬁrrent/heutron flux unit, end (2) extend the bottem by decreasing
the magﬁitude of the induced ectivity in the chamber components.

The absolute sensitivity of the 1nstfgment has been measured
several times by comparifig the ion current read with it in th; thermal
column tc the flux as messured at the same time with indium foils. The
sensitipity 1s 1 to 3 x 10714 amps/sec. The specific sensitivity (per.
‘unit boron-cerbide coated srea) deduced fromithis is-app;oximaﬁely e
facfor of 10 poorser than ?ﬁat obteined by Broxon (CPm782).in his original
model of the B4C;vcoated diffqrential chember. There is reéson to beliéve
thet the sansitivity\can be increasad by improving thé boron cost, either
by meking a better B4C coat, or by employlng ons of the methods for de-
pesiting pure boron. Furthermore, there is always a factor of 5 to be
geined by using boron enriched ir B1O,

The - induced ac£ivity in the chember components cen be reduced
By proper choice of materiels. The activity'of the G.E. chamber wes ob-
‘served by removing & "hot" chamgér from the pile andallowing the chember
to reed its own ectivity continually for meny hours. The composite -
tivity could be said epprqximatély to drbp off with e 2.5 or 3 hour half-
life. ‘This decay is too slow to ignoré when the chamber is éxpacted to
bé reading pilelbower reliebly for 1 to 2 hours after a shuﬁdown._ A
rough estimete of the sources: of the act1v1ty was mede; approximately 6
parts dus to 1.8 hour (half—llfe) Argon, § parts due to 2.6 hour ¥n in

the steel vessel, 1 pert dus to 6 year Cobalt in the three Kovar seals.

This estimefé was feirly well corroborated when the initisl 1ntensi£y

) -
———
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dropped by approximatelyv47% upon replecing Argon with Nitrogen end run-
. ning the test egeins “ /

The proposed new chamber shSuld have, perhaps, 2S5 aluminum to
replrce the Mn-beering steel (the principal 2S Al activity (CP-1355) will
decay with 2.4 minute half-life); it should have nitrogen or some suit-
able gag other than Afgon; it should have insulating ges ssals which are
free of Cobalt; it should{afoid the use of copper, silver, tungsten,
veanedium, chromium, end nickel, among others,'iﬁ'addition~to mangenoss

! /

and cobealt,

~
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!
TABLE I. ~°
Opercting Level Before Shutdown = 30 MW
F = 1018 figs/sec; Fy = 2.3 x 1018 neut/sec.
Column 1 Column 2 Column 3 Column 4 Column 5 -Column 6
Time After 100€ . kgpp of Pile P P/l - k Renge =
Shutdown % 014 Active with Rods in  photo-n/sec °ff< F// P
Metorial Re- .92+€Wkypp) : ‘1 < kgpp
maining h Xe+Sm
0.5 hr. . 100 .79 2.33 x 1014° 11,1 x 101¢ 021 x 105
50 .86 1.16 8,3 .028 .
2 .92 0.04 7% 0,59% .39%
. 14 14 5
1.0 hr. 100. 74 1.59 x 10 6.1 x 10°° ,038 x 10
50 .83 0,80 4,7 049
2 .92 0.032¢ 0.40# .58
/ , .
2.0 hr. 100 .65, '0.97 x 1014 2.8 x 1014 082 x 10°
. 50 .78 0.48 2.2 .12
2 .91 0.019# 0.21% 1.
”~
48 hr. 100 .80 0.0364 x 10¥% 0,18 x 104 1.3 x 105
50 .86 0.0182 0.13 1.8
2 .92 0.00073* 0.0091* 26.*
¢ ] - , K N
72 hr. 1100 .87 0.0267 x 10** . 0,20 x10'* 1.2 x 10°
50 290 0.0134 0,13 1.8
2 .92 0.00083* 0.0066+ 35.%
* Note: Values in Columns 4 end 5 would actually be greeter than shown.

end values in Column 6 correspondingly smeller since there is considsrable

Y emission from Wa® produced by (n,c\) reaction in eluminum, end this ¥

flux has not been taken imto account in the table.

{
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APPENDIX

ION CHAMBER FOR DERIVATIVE CONTROL

‘1. Terminology

Pd evececesnnon Dengerous power not to be exceeded.
Pl eevsvecorsna Power et which level-control eslarms.
Pop cescesssrce Power Of Operating pi/leo

PO + A/kl osess Total appafent powe} = Real power + epperent
power due to/e ¥ activity.

Pyessroectsscas Pcwer et bottom of control ranre.

—

Wote& "neutron current" means ion current flowing as & result of neutrons
acting on ion chamber; likewiss " (3" current meens ion current
flowing es result of 4Ys end Y's. ‘

B :

i = Ton current in chember.

8/37 current in ion chamber due to both pile and chember actl—
vation es result of opsration et Py

op’
ky = neuﬁron'current/bower of pile.
T = Period of motion of pile. .
’ output volts
k = Pericd circuit proportionslity constent, — & In 1 T e

dt

Apparent period of pile.

'A/EIPO . A=Y current at Pop
neutron current at Pg

A

&
i

Cut-off apperent period, i.e., the value of © st which the
period circuit sterts to shut down the pile.

t; = Time to reach @, after pile starts hoving.

g = Deley time (after t;) before pile is actuelly shut down by
safeties; includes delay between sctuelly reeching @c and
the period circuit showing it, es well as delay in mechanism
to throw rods in.

ot
L]

k, = &=y current/power of .pile.’

Sg = Relative sensitivity, = k] . ‘meutron current  y,4; measured

at sems power. : kg VAl cgrrent




] ~16- MoriP-203

APPERDIX

IT. Equetions

Current in ion chember for pile st Py starting up on period T:

I=4+IqP, et/T . (1)
Derivetive control instrument will give an cutput
xdlInl kldIukklpoet/T k e k
dt I 4t T(A+k; P, e%/‘i') ( o=t/T + ) )
(2)
where © ig the epparent period end will very with time.
0= (1+aet/T)7 | y (3)
where e B, ’
:"leg
Also for the special case-
o, =~ (1+ate e/ Tyn . | \ (3e)

If we set the derivetive control equipment so thet it will alerm when 6.= 9(; )

end the pile is shut down ty seconds later, the power at shut-off is

- : te + td ’ .
Pg = Po @ T (4)
te =T 1n ;‘T- 'T from (3a). \ (5)

e ~ o .
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APPENDIX

I1I. Discussion

Now to examine equetions (3), (4), end (5), consider the plot of
equsation _(3): o ;

It is seen thet the apparent period.® starts out high et (1 +29 T
end drops agymptoticelly toward the real.period T. The time, %y, at which
the apparsent period becomes &8 small as the cut-off apperent period, O, |
is determined solely by theo T, #nd 9, a8 seen from the graph a3 well as
from equation (5).

When ¢ = 0 this meens. that there is no ,B-Y ectivity in the pi lo

‘or chember after a shutdown; the apparent psriod will bs the sems as the

or be less then
real period, snd © will reech,®, either immediately (8¢ 2 T) or never

(6. < T).

—

TABLE I. | ' \
Concluslion:
eFor o = 0 Te \ Pg
' - A : td/T
0,2 T | 0 P, © /
0,4 T \ PO In this case the

level-control would
shut off the pile.

When X > 0 the epparent period will stert off high end drop
asymptotically towerds T; €c may be set at such a large 'valua thet &
- will always be below it, and the alarm is given immediately, to = O; &
may be set et en inﬁerm'ediete value such thgt the apbarent veriod tekes

a finite time, t,, to drop to it; or ecv'may be lower than the real period,

and the alarm is never given, t; = oc.



—_— D —>

Appendix . Equation 3
8- T(1 +o<@‘t/7‘)

i’c :
6 - I(I,tfi?:.._',l .
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APPERDIX
TAB[E II. L4
Ccnclusion: A
For ¢ > O- Co te Ps
) /
0 > (1 +o0)T 0 Py o%4/7
T < Ce < (1 +0u)T T in & T Poot _ T _ otd/T -
, 6o = T | G,-T
, 0.8 T In this cese the

o) lavel-control de-
: ' vice would shut ’
, . off the pile.

.In the special end most zenerally applicable case of X > 0

and < 9 < (1 »oi)T - \

we heve . \
P oap oot T ta/T 4 T d/T 6)
ek ey I oot °

which shows thet ths {Jower at shutdown is not a function of the initial
power but rether of the spurious power due toﬁ end 'Y ectivity.

It wﬁll be fourd useful .to introduce the pr(;portionality con=
stant, ko, ,3 + ¥ current per/power unit. HNow define t:.he dimensicnlgaa

"Relative Sensitivity” of the chember:

SR - .1:1_ - A/OC PO - POP 1 (7)
kz . A/Pop PO (0.4 -
From (6) we find
. P \ . ) )
1, P T ba/T, Fo T G td/T (8)
oK Py Bg-=T g Fe Tt

if we wish to shut %the pile down at Py» and

Pop . T  ta/T _
SRn?‘_E gc”TG/ ) (©)
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IV. Conclugion

A pile normally operated at Pop drops to e low power lavel P,

end is to be started again. To combat the denger that it meyistart up with’

such a rapid pericd T thet it will run away before control equipmsnt can
stop it, a derivative.control device is adjusted to stert shutting the
pile off at en apparent period €, and to shut off tg4 secohdé later, go that
‘the pile\is off at the dangerous power level Fgy. The derivative-control
device is limited in its éfficacy pertly by en ion-chamber which reads the
power of the pile. The chember will indicate a spurious power (due to'/g
end ¥ activity of beth pile end chamber) in eddition to the reel power,'
This gpurioua power céuses the apparent psriod € to be larger (slower) tﬁan
ths real period T; end the time, te, for O to drop to 9, is delayed by the
apurlous powero Thus the ebove mentioned characterlatlcs of the piles and
the controlwequzpment determine e maximum ellowsble Relative Sensitivity
for the Ion Chamber. Equation (9) gives the minimhm allow?ble Spe

All else‘ﬁeing equal, if Sg is greater than this the pile will
shut down at,acme'power less than Pg. Shutdown poﬁer may be calculated ’

-

from Teble II, using the .substitution
d = Pop '
o SR

dervative

Note: The minimum (festest) pericd that can be stopped by the ,control

_ t4
equipment even with t,.= 0 is ! Tﬂnin = , :
¢ »c 4n Py ~In R

~

-
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V. Wumerical Examples

To make some calculetions, assume:
Pop = 3 x 107 watts

4.5 x 10" watte

g
-
8

Py = 6.75 x 107 watts
P, =3 x 10° watts

tg = 0.1 sec for both level=control and derivetivc control
devices. This is considered a pessimistic figure; it
is thought of as irncluding the delay in moving the
rods too. :

8, = 1.0 sec.” (This must be set small enough to avoid )
hsmpering the normal spesd of bringing the pile up to
power - say about & 10 sec period + and yst large
enough to overlap with the range of lerge (slow)
periods which the level-control device must teke cere
of. The smallest period controllable by the level-
control, on the besis of tg = 0.1 sec., would be

T ‘td = 0-1 sac
%Q/ in Pd - in Pa “5.41 = 0.25 ssc.

(probebly e pessimistic figure, 10 times the fastest
possible period, yet 1/10 the likely accidental
periods. ’ .

T = 0.01 sec., This is grester than

: - t4 o D.l seé
gﬁn In Py = 1n Py - 12.3.
[of

= 0,008 sac.

"Reletive Sensitivity" required is

- }
Sy m R T et;d/T
d Gc - T
7 _ ’ 2 *
3 x 10 01 10 3 x 2.2 x 10 —
-] 77 (2] =3 —— lOO.
6.75 x 10 .99 8.75
\ 5 :
Ao Pop . 07 103

Po Sp 102
and 9, (1 +a)T

since 1 <(1 + 10%) 107%,
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From Teble I“I’ o ..

' T 3 -2
t,=Tln AT .02 1n A EI0T 5 05 gec.
O, - T, 1 - 102
T '
Power et ty = Py Gtc/ = 3 x 10° e0,0ZS/0.0l = 3 x 10° wetts.

Thet is, for &n.Sg = 100 the derivative contrcl device would net give the
alem until the "pq{{er »had.x'.i'sf'eAn ‘t-:o 3 x 10% watts in .023 sec. snd would

not shut off the pile till exactly at the danger lovel of 6.75 x 107 watts,
0.1 sec later. 3 |

However the actual Sy of the present G. E. chamber is

2 x 10”8 neutron amps

Sg = 5 = 4 x 105,
10 /6’? amps
In this case o Pop ) 105 - 25
'PosR 4 x 1_03' )

and o, > (1 +ar
since C 1> +25)107%,
.. From Table II,

ty =0 S - ‘
and Pa = Po etd/T s 3 x 102 eo°l/0°01 a2 6.5 % 106 watts

a factor of 10 under the danger level, Pg-






