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{0 CHAVBER COMPENSATION TESTS
LNTRODUGEION |

A geries of teste were performed w uni@af TA 1-922 to deteralne fafm@ need Lor gomma
compenation of the iom chawbers uscd to momitor the meutrom £lux im the 100 Area
roactors. The purpose of this ropert is to presecat the results of these tegbts. :

SUMMARY _ .

60-1 b;@ ab the chamber during startup was found to be approsdusbtely

A EWOY o o' feeinzeiat @m&r@@t through-out start vp is primarily mede uvp of this
@@m@t@mt valve plus o gemee curpent vhich imereases im proportiem to the nevtrom

Dz axd those megnitude i@ gpprosdmately 1 to 2% of that of the meubtron  currenb

ab any given lovel. The combribution of the gemmes to the chember currents im

the testo renged fxem 43% o @@% prior to startup, but only accownted Lor epproximately
2% ab a pover. of 40. Ex%

Tl‘m@ following conclusions have been drevm £rom ‘bh@ regulis of th@ testss

(1) @@mp@n@&tﬁ.@n is needed Tor log Nep@zei@d systems sinece they pmvid@ the
only avtomatic protection during the appreach to eriticality. If uncompensated
chaabers axe uged the apparent chamge im relative flux is lower than the
actual chengs (for @5@@1@9 the @,pp@r@mt change ig only 30% of the actual

. change if 70% of the curremb is gamwa currenbt. The ambumt thet the reactor
5] ;@b@ritﬁ.calg for an inereasing flng would then be over estimated by 1.0/.3 =
3 1/30)

(2) OCeawms @@mp@tﬂl@n is not mecessery for the High Level Flux Monitors or the
gelvanomstor systemo ‘
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(3) The uwse of compemseted ion chawbers showld be contimied in all positions im
oxder o min%ain the versatility of the nuclear imstrument systemo

The data @btaiud in the tests is proscmted in Tables 'mavm The retie of

wacompensated curront to compansstcd curremt as o function @f n@m;mn current is

plotted for roprosentative cases inm Figures 3-5.

DISCUSSION

Thero presently nine (eight in € Area) Westinghouse or Antom Compansabted Xon

Chewbers locatcd in the biological shield axound each of the produstien r@a@%@f@o
These chembors eve used to monitor the neutror Llux in the intermmediate power
o rogions. They serve as semsing @l@momt@ f@r the two log N-periecd @y@t@mg

the {;hm@ High Level Flux Mondtors, and the gelvenomoter eircuibt. The remaining
chembers 89rve &8s @p@@@@o ,

Thig @@@p@ﬁ@@:&@d i@i@i@m chasbor is designed to deteect thermed acutzons in the.
f venge from 2.5 x 102 to 2.5 x 1010 peutrons/ca?/sccond. It consists of
‘ibhf@@ @@@;d&lg cylindrical electrodes (sse Figuro 1) The surfaces of the outer
volune -are boron coated @@@gk@ it semsitive to meutrons &8 well as to gammA
Pogitive voltage sulficlient to saturate the outer volums vwnder operating
conditions lo applied to the outer eleetrode. The compemsation adjustment is
obtedned by epplying o negetive voltege to the immer electrede whieh sukFiciont
to sabtuxeto enly part of tho lomer volums. The lmmer volwie is about 5% larg@ze
then the oubter volwns, weking it possible o obtain & balance in @ vniform gewms
flmg with only part of tho imper volwms satusated. e current (convertional)

w the @‘@.‘@@E volwmas £ into the signel eloctrode the euwrrent Lrom the
im@z? voluwng Llove ey trom the signal electrode. The two currents thus @ubtract,,
Jcaving @ @*@zfr@@% proportional te the n@u‘@r@m iz @8 & @i@mﬂ .

The z?ugc of imt@m@i‘@y ovar which noubrons @5y be dotected by mt@@l
chember ig lisdited by the gemes background im the reactoro @C@Dﬁl aetdvity im
the chember comss- from o @@@2&’@.@8 the fisslon proeess (direet yield ond
fiosion products) @mﬂ mdu@od activities in the roactor materials (fuvel clodding,
temk well, eteo)o Both figsionm p@ﬁ:dmt activitics asd imolu@d activitice depend
on the higtoxy of the roactor. The g backgrowrd ab eay particuler power
lov@l is Shen the gum of & comstant b@@kgrdmd Lrom dnduesd @@%ﬁlﬁtﬂ@@ in the
roactor ® ‘?@ozeiﬂ.s anl gesmma, a@tivi{gy whi@h incrcases cosentially lincarly with
w@ muzm Lloge The congtant g background was fouvnd o ‘bo contributing
woxe them 50% of tho teotal @t pﬁ@r to stavtup in all of the teshbs mwcspt cms
was @9 high e 80% in ome cage., The gawwa curvent lacreagse, wWith inescasing
m@m*@z@@m £z, ves found to be approsimately 1 to 2% of the newtrom cwrromb
ineregss. Simes the lnercese ﬁl@ gmoll amd on cssembiolly lincaw funetion of
noutron jnerease, 1t cowld be disregasded t_h@‘ chasbors oporated AEithoud
componsation if th@ foh‘@ivoly wg@ (compared to pre-startup acubron currenb)
congtant gewmma w@rc pr@@@m;o ‘Ihisx conghant background intreduces
considerable @mze a.t low pover I@V@l@ (Kilowett reglom) dnto the log N-periecd
syotems (42 oparated on ey uncompensated chasber), which provide automabic :
protectlon m@él on & mindumn p@missi‘bl@ period for the neutron flwz. For example,
1% the gomma comtribubtion eb & perticwlar point is 50%, the @pparent pericd is
@ppm{c;@ly trlee the actual periecd, end the safoty of the reactor is compromised.
Hovever, a8 the reastor power zhax@r@@,@@@p t)‘m@ contribution to the ecurrent Lrom the
notent gomme backgrouwnd becomss en inercesingly swmalleor pofion of the tetal
COrFent and pProserts mo pr@bl@m @t operating potrer levels. :
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The tost couipment consisted of an extonded renge Boclman microsmmeter, Brown
Tgeorder chember power supplics. A suitehing &E’E@@g@m@m vas incorporated im
the power guppli@ss g0 thet readings could be taken of compenseted current,
uneompenseted @um*@mt (neutron plus gammwa), gesme current alone, end totel current
(noutron plus gemma plus gemme, obbtalned by epplying +900 volts to both inmner amd
outer chawbers so ibh@t the outputs add). A diagrem of the switching errengement

i@gii@?igimr@zo

- T@@t@ were performsd im & @f the 100 A Th@ S@W@@ tests ron included
lo cold eleam otartups, 2 sczeu r@@w@rﬁl@@g oRe 1 seremo ,

R@@ding@ %akem in tho toste were restricted to @@mp@ms@t@d cwrcnt and me@mpens&t@d
current b@@@ﬂ:@@ of the relatively high rates of chengs in current during stertups .
The ratio of uncompensated current t6 compensated curremt wes pl@tt@d a8 & function
‘of neutron current. The test deta are givem im Tebles II-VIIY . are . plothbed

for the tests on the R=2=3 SCrem FECOVery, R=2-3 manual @hutd@mg zm,d the P=3

| @up (Figures 3, &, and §).

Th@ gawmps conbribution teo th@ chasber curvent at several lovels is giV@n in the
%t&bl@ b@l@wg the nuwbers in p n‘bh@@@s ere the nevtron currents in m@mm@

TABLE I
: ' © Gamms Comtribution 1 To Chamber Current
Tegt - Type Priox To - ' - At N@u‘&smm Curpent, of
- Pepformed oad - Staxt-Up - 50 MW ng | 01 M4 exroampa®
%=1 Start Up VIod | BO% (7 x 40°9) | Lo7% CodZ) | m‘z* Ik
C=1 Staxt Up .| VII-A o 2.7% (.70) | 9% ’ 3%
C=1 Seram CVII=A | 57% (602 x 107°) | 1.7% (-88) 8% " 3%
Recovery . B , _ . : :
‘L-1 Start=Up - | VII-A | 77% (204 x 10@52 1:7% (18) 7% 2%
B=-23 Scram ° VII-A | 437 (2.0L x 10°%)|1.6% (.31) 6% 23
" Recovery o ‘ .
‘Pe3 Start<Up | VII-AL | 54% (Lol x 10°%) | = 5% . 2%

T Obtained from curves

The function of the log N-Period system is to provide automstic protection ageinst
reactor runaway during startup. Six and one-third decades of current are covered by
the logarithmie amplificr, providing a convenlent indicetion of reactor power with
no renge change required. Flux and period information is cssential during the ‘
approach to critical and the rise to powsr. The log N-Period Syshem provides the'
only avtomatic sefety during the approach o eritical and is most important while
the reactivity chemges have the leoast effect on neutrom fiux (over the first 1 to 2
"decads inerease in flux). In all of the tests. @m@p‘t @n@D the gawae conbtribution
to the current ab the chember wass greater than 50% and inm ome case was &s high as
80%. The gamma. comtribution had decreased to between 3 and 11% by the tims the -
reactor was lomown to be @riti@alo If uncompensatcd chambers were used, there would
e & considerable amount of error imbroduced into the signel to the Log N-Peried
gystem. For awample, simce the apparent neutron Llux would be greater than the
actwal flux, a possibly large orror would be imtroduced imto @stimatiom of how far
the reactor was from eritical. , Sl CV

| ( ASSIRLE
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DPSOL'g 105-10LOE and 10L6N specify that during stert-up the High Level Flux monitors
bo 86t two decedes below Lull power readings. Thus the HLFM setting during startup
will norwally be om the 3 x 10=7 or 10 % 10=7 range. From Table I, it is seem Chat
&t 0ol microemp the gewme combribution to the totel flux was not greater than 7% im
ery of the testso Simes the HLFM’g will not moxrmally be providimg protection below
od o o3 micromumps, as explainecd above, the gewwz combributien at -l mlcroemps
%g no groater then 7%, it is concluded that compensation would not be necessery for

e HIFM Go ) : . . :

Tt can be concluded from comsideration of the date obbtaimed thabs

(1) Compensstion is mecessary on chambers serving as sensing eleaments Lor
- instroments which provide the primary protection in the approach to
criticality. (log N-Pericd systems)o

(2) Compensation is not necessary on chawbers serving as sensing elements for
instrusents providing protection only above 0ol microamps (High Level
Flue Mondtors) o

% would, therefors, be possible o install uncompenseted lon chambers as sensing
slements for the High Level Flux Momitors on @ replaccment basis. However, this

would result in a reduction in the versatility of the nuclesr instrument system, .
end elthough a finencis) gedm would be realized, it would be omall (Anton uncompensabed
chambers list at $1185 and compensated cheambers abt $1950). It is comeluded that :
Compensated Ion Chambers should be used in all of the auecleer imstrumsnt positions

in oxder to maintain the versetility of the systemo ‘

R0 hafbid J?%%

Ro Lo Mellaxd, J?ol

RIM/njg




s

COMPENSATED _IONIZATION CHAMBER

CROSS SECTION & ASSOCIATED CIRCUIT

A POSITIVE NEGATIVE
BORON HIGH SIGNAL HIGH
COATING VOLTAGE ,ELECTRODE VOLTAGE ,
£ \m AN EANAN \\\X\\\\\\y\\i\ TIISSOS
&7 / 77 ////A’T//////////7////////
pr-

SRR

Y

A\

1 e,

N\

e 7 T T 7 7777 T Tl Il L7 Ll Ll L L L L
SOOSOONANANNNNNANN

SOSOOSSOS SOSOINNNNANNANNN N NNANN

10N
CURRENT

34N914

% HER R -

oo GG



@sus@w%%@

FIGURE 2

CIC TEST EQUIPMENT

-60- 2258
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DATA FROM GXC COMPE.WSA”I@N TETS

December 23, 1960 |

"E’ABJIE II
CI@ T@@étm Kc:l St@mcﬁig

The ehawber uvsed in this test was 1@@@‘@ in ‘ézh@ C=3 msifgi@zm axnd wag imetalled in
October 195h. The GIC Lo th@ 1@g N maod vas in tho B3 p@@iﬁi@mo

Mi@r@g;n@@%@r R@adim

. | pre - Companbated S Un@@mp@nssat@d mbj
- Dake | ®ms g Range A N R@&@@ . % L
8/14/60 | 2:53 MM| 0001 | 10x10°11| 7 10 230=X| 35 5.0
5330 AM | 0003 | 10 % 10~Lk 40 3.%10-10, 18 3660
5330, o003 | 10 x 10°20 65 3 % 20°9 37 176
| 5537 0L | 10 x 30°9 10 3 % 2079 04 =N
1 5840 o0l 3 % 1078 30 3308 | 40 | 1,33
«Em@ ) 5543 02 10 x 10°6 50 10 x 10=8 55 1010
eabo o C .
5845 ok 10 x 10~8 90 10x20°8 | 95 | 3.06
L0 M ' ~
Stop 5348 T 3 x 10=7 39,5 3 x 107 0o2 | L.02
8230 200 3% 1057 &l 3 % 167 68 1606
8835 | 2.0 1 = 1057 35,5 | 10 x 10771 36 1,01
8342 . | 3.0 .10+ 30=7 5l 10 % 10=7 5605 | 105
847 | L0 | 10507, 73 30 5 10=7 76 | 1.08
8852 - | 5.0 20 % 307 %5 | 10 x 10=7 9605 | 1,02
9:00 - | 605 3 % 14=b 5305 | 3206 | 45,5 | 1.05
907 - | 80 . - | T5 106 53,2 | 3 x10°6 | 5ho5 | 1,02
9313 9.0 3 % 10<6 &0 3 x 10-6 62,5 | 104
800 M | 9518 | 1001 10 % 10-6 25 10 % 10=6 | 26 1,0k
’ 3233 FM | 10,5 | 10x 10~6 27.8 | 10 x 106 29 101,

mg r@@,@’limg of compensated currant appears to be im erroro
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TABLE XL

© CIC Tesh, Gl Staxt=Up

' The chewber used in this t@@{@ w@_s 1@@@%@1&@ the C=3 positiom, and was ipstelled in
F@bﬁ?’@@ryg 19550 The CIC sensing clement for the log N u@g@l wag dm the 4=3 position.

Log N p . Comoonsated. ____Uncomponsabed ) WY
~.Date]  Fime Lm - Regge | {] “Reage L% ).
'8/28/60| 1305 PM| 003 | 3 x 108 L0 3 x 10=6 I 1,10
o 3307 | . -G08 | 10 x 10°8 ' 35 10 % 30=8 | 38 2009

1.309" 02 3 % 307 36 3 % 10=7 39 1,08
S 1sd <06 10 %307 | 35 10 % 16=7 37 1,06
KO MW | 13 015 10 = 107 70 | 20 = 107 72 | 1,03
1335 | .25 | 3 x 106" k2 3 x 100 1265 | " 1,02
1518 o3 3 x 10=6 53 3 3 10=0 5305 | - 101
1522 ol 3 < 10=6 65 3 x 10=6 6508 | 101
1325 o5 3 x 10=6 2] 3%120=6 | 83 - 1,01
1531 o7 10 5 206 31 30 % 1070 | 3Lo5 | - 1,02
1835 8 | 10 x 206 L1 10 5 306 | 4Lo5 | 2.0L
1.0 10 % 30=6 1605 | 10 x 30°6 | 14705 | . 102
2.0 3 % 10°5 30 3 x 10=5 3005 | 1602
3.0 3 x 105 37 3 x 16=5 3705 | - 2001
600 M 3.5 | 3 % 10=5 185 3220°5 | 29 | 2.0
i
TABLE IV

CIC Teoh, G-l Sexem ROCOVeEY

The chawber used im thils tost Tosated dn tho -3 podition aud weo 4nstolled ia
October, 195k. The CIC gonsing cloment Lor the Log N wsed was loenked in the B=3

positiono -
log N Compemsabed , Uncemponsated ) N+
Da‘@@ﬂ Tims | R@ Remge | 5 " Remso A vJLbc"zﬁE
9/8/69 5315 m} 0002 3 = 16=10 2k, 3 x 10=20 | 56 | 2083
7302 -Q004, 10 x 30=10 62 3 % 10=9 33 1650
781 |  o0005 10 x 10-10 89 3 5z 109 39 2031
7520 001 3 x 109 32 3 % 109 L0 2025
7323 -002 3 x 10=9 62 3 ¢ 10-9 73 .|| .18
7226 -005 10, 2 1079 39 30 % 10=9 Ay 1.13
7530 201, 3 s 10=8 20 3 x 10-8 b5 1012
7533 002 3 x 10-8 90 3 = 95 1.06
7335 06 10 2 20~8 | = 5% 10 ¢ 307°° | 5h 1,06
7336 | oL 3 2 10=7 4O 3 5 20-7 L3, 1,03
7338 02 - 3 x 10=7 78 3 5 10=7 €0 1003
T340 o5 10 = 10=7 53, 10 x 20=7 52 1,02
4O M 7850 | o6 323076 |  29.5| 3x10°6 | 30 1,02
- 735k o8 3 x 106 32 35106 | 32,2 | 1,01
7358 3 - 3x 106 10 32300 | 4005 | 1,01
8300 2 3 % 10-6 485 3 x 10-6 49 1,01
8303 3 3 x 1@=2 87 3 x 1@2 88 31,01
8305 L 3 x 10- - = ohim) 30= 39,5 | 1.01
8208 7 3 %@6&@{\ %%@ hg@ 10-6 62 1,01
8.5 PRE o N ﬁ“ ' x 106 85 1.01




,  “Decamber 23, 1960 L) DPSP-60-2258
o . v CUNGS |l
' IABLE ¥
CIC Te@{fm L=l Start-Up

The chesber uged in this test was Jocated in the B-2 position. The exmch date of
ipstallation wes not kmowm, byt It wes prier to August, 1956, The CIC sensing clement
'f’@)? the Log N u@@d 51.@ 1@@@?@@@ in the A-3 positiemo '

- sabed ‘ Um;@@@;n@t@d | nzy
Date % 7

9 8 3 % 10-001 35 5038

68 10 x 30=10} &0 | 2%

&)2 3 2@ 10= 62 ) 10&&8

40 10 x 10~9 51 1.28

37 3 x k2 oMk

. &0 3 x 10~ 86 1,08

Crie | 35 10 x - 38 109

(@Sto) :

. 63 20 x 10-8) 66 1005

| 90 10 x % 93 1.03

L 53 3 x 10~7 55 1,04

40 ¥ 60 3 % 107 6L |  1.02

TABLE V1
CIG Towb, R-2.3 Start-Up

 “The chamber used in this tost ves located im the B-3 position and ves iustalled im
7 April, 1955 The CXC sensing element. for the Log N used was lecated in the D-3 positiono

- log N C@mmem@ct@@l Un@@m@fﬁ@a‘tf%_ N+¥
" Data Time _Reading Rax S N

9728 | 92355 PH | 0003 C ;Zj’gms Z;TM%‘”’E@ x 0= 35 1.72

. 1 20s30 | <0003% 3 x 16=10 78 20 x 10~100 40 1.71

10245 00038 3 x 1010 86 10 x 10=0} 49 1,90

11500 00046 10x10-10 | 31 10 % 10-20| 55 1Tk

11515 200047 10 % 10~10 33 30 x 10=40} 55 | 1,67

11230 0008 10 % 10=10 50 10 x 10=10 | 74 Lo48

11535 |- o001 10 x 10-10 bl 10 x 10°10) a8 1.38

1Lsh5 <003 3 % 20~9 51, 3 % 10=9 0. 1.18

11250 o005 3x10~9 | 75 3 = 10-9 86 1015

11353 -013 10 x 16=9 &, 10 % 109 70 1,10

11257 025 3 x 2 | 3=x 1@@8 Ly 1,05

11358 o0k 3 x 10-8 72 3 x Th 1..03

: 32500 . M| 05 30 % 10~8 31 10 x 1@@8 32 1,03

9/29 12503 08 10 % 208 12 | 30 x 10-8 Lk, 1,05

] 12505 o1 10 x 10-8 57 .10 g 1078 5805 | 1,03

Crit | 12509, o2 10 % 16°7 15 10 = 10~7 1505 1003
".(@S{?ao » ) . R

12330 ol 10 x 10~7 23 | 10 % 1077 23.5| 1,02

1 12513 o9 10 % 1077 51 30, ¢ 16=7 52 1602

. ]-12320 | 1eS 10 x 16~7 2904, § 20 x 10=7 29.7| 1.01

O MH | 12325 105 10x10°7 | 31 | 20 x 10~7 31e5 | . 1.02

H Q) IR ",“':3 1
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o o183 - RTR-272
\ ' PABLE VIX
CIC Tegh, R-2.3 Manuel Screm
Yog N _._ Compensabed Uncomoensated h+y
nove | pime | potiny | —pamefSo | iR~
8729 | 9355 AW | €0 0%% [ Scale
(3200 M) | 20203 48 3 x 10=5 98,5 3x30°5 | 9 1,005
10508 36 3 x 10~ 8305 3 % 10=5 8k 1,006
10530 28 3 % 10°3 660t 3 = 10=5 67 1,009
10312 20 3 x 10=5 b7 o5 3 5 10°5 48 | 1,011
10518 7 3 x 1073 | 168 3 x 1070 17.3 | 1.03
10520 | 3 3 % 1072 7.0 3 x 1075 763 || 1.0
97 My 10321 - 105 10'x 10°6 100k - | 10 x 2076 | 13,6 | 1.02
' 10523 005 10 % 10°6 Lol 30 2 1676 |- 46 | 1.05
10326 0015 9 x 10~6 o2 3 5 10=6 bo§ | 1,07
10328 0.08 30 % 10=7 o9 30 % 10=7 S0k | 1030
10329 0,035 3 5 10=7 9 3 5 10=7 9.5 | 1,06
’ 10532 0,02 3 % 1077 5,5 3 x 1@:% 6ol | o1l
Zoro 10336 0,012 3 5 10=6 27 3 % 30 31.5 | 1017
Povar _ A _
10345 009 3 % 108 1802 3 % 10=8 23,5 | 1018
10856 | o006 32108 | 155 | 3x10°8 | 185 | 1.19
12530 ,0038 10 % 1079 26,5 30 52 1079 35 | 1030
12530 PM 0022 10 % 1079 15 10 = 109 2105 | 1ok3
1.300 -00175 3 % 1077 b3 3 % 2077 | 61 1042
2300 -001 3 ¢ 20°7 305 3 % 10=9 X LokQ
9/30 8315 AM -00016 3 x 10°9 5 | 3 % 10°? 12 2,40
v U
TABLE VXTI

GIC Togh, P=3 StarblUp

The chember uwsed in this test was loceted im the A=3 position ewd wes imstelled in
April, 1958, The CIC senoing olemont for the Iog N uscd was located im the C-3 position.

Iog N Compensabed [ __ Uncomponsated ity
Date ﬂ ﬂ R@&ding_J Rongo _Ronge i H n
70/5/60 | Bs20 B | 00024 30 = A0-50 | 1% | 30 x 1009 | 24 2018
' 2035 00022 10 x 10=10 13 10 x 10=10 § 24 2,18
12,522 -00023 90 2 3020 | 12 10 % 30=10 | 25.5 | 2,13
10/6/60 132300 M 00027 30 x 10~10 17 10 x 10°10 | 33 )
. 12322 MM | 00044, 10 5 10~10 30 10 % 10730 | 45 %050
12525 0006 10 = 20~10 ks 30 2 10°30 | 59 103
123530 0008 10 % 1020 58 10 = 10740 | 72 1020,
125532 Mool 3 x 169 3 3 5z 10=9 40.5 | 1019
12835 00015 3 x 169 LJy 3 = 109 50 2ol
12340 009 30 5 108 9 | 10 x 108" 9.5 | 1.06
12345 02 10 x 10-8 19 - | 10 x 10-8 20 1,05
12247 03 10 22078 | - 29 10 x 108 30 1,03
: 12355 05 30 = 108 63 10 = 10-8 61 1,02




