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PARALLEL-PLATE MULTISECTION IONIZATION CHAMBERS FOR 
H IGH-PERFORMANCE REACTORS 

D. P. Roux' 

,ABSTRACT 

A new model of parallel-plate multisection ionization chambers was developed for 
reactor control applications in high-performance reactors. Th i s  chamber model has  sev- 
eral  improved performance features required by such reactors, and, in addition, the ar- 
rangement of the chamber allows the combination of different act ive sect ions in a single 
reactor penetration. 

Each active sect ion is comprised of parallel-plate electrodes,  each 1.8 in. in diam- 
eter and 0.005 in. thick. The  electrodes are coated with 'OB for u s e  as'neutron-sensitive 
chambers, with 235U for u s e  a s  fission chambers, or left uncoated for u s e  a s  gamma- 
sensit ive chambers. Also, a gamma-compensated neutron-sensitive chamber can be made 
by using boron-coated and uncoated electrodes (appropriately coated and connected). 

A new electrode configuration is used to  achieve an  electrically adjustable gamma 
compensation. Th i s  compensation technique has  the advantage over methods previously 
used, in that both the neutron- and gamma-section currents are  well  saturated a t  a l l  po- 
larizing voltages ordinarily used, and thus, electrical  compensation is not obtained a t  
the expense of saturation. Experimental resul ts  show the insensit ivity of the gamma 
compensation to wide variations in intensity, energy, and geometry of the gamma back- 

' ground. 

1. INTRODUCTION 

A new model of para l le l -p la te  multisection ionization chambers for reactor control was  de- 

veloped to meet t he  requirements of high-performance research and power reactors.  T h e  parallel-  

plate configuration was  chosen to  allow the  combination of different e lec t r ica l ly  independent 

ac t ive  sec t ions  in  a s i n g l e  reactor penetration. Also,  t h e  u s e  of parallel  p l a t e s  has  led  to a new 

electrode arrangement tha t  ach ieves  a n  e lec t r ica l ly  ad jus tab le  gamma compensation. T h e  in- 

sensit ivity of th i s  configuration t o  wide variations in intensity,  energy, and  geometry of the  gamma 

background permits control of t h e  compensation within a few t en ths  of a percent.  T h e  s tab i l i ty  of 

the  Compensation e l imina tes  the  need of frequent adjustments.  

T h e  penalty of a shutdown of a high-performance research  or  power reactor is so high tha t  

failure of a n  ionization chamber c a n  hardly b e  tolerated.  Accordingly, during t h e  des ign  of t h i s  

chamber model, much emphasis  w a s  put on reliability performance. F o r  underwater operation, t h e  , 

'The author acknowledges the important contribution of J. C. Gundlach in the early 
s tage of this project and thanks S. H. Hanauer for h i s  many helpful suggestions and 
G. C. Guerrant and C. B. Stokes for their devoted assis tance.  
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chamber and connecting c a b l e s  are contained in  a hermetically s e a l e d  and welded metallic housing 

assembly. Furthermore, the  chamber and connect ing c a b l e s  are designed to operate  a minimum of 

five years  without failure by radiation damage. 

2. CHAMBER DESIGN AND CONSTRUCTION 

2.1 Sensitive Volume 

T h e  s e n s i t i v e  volume is comprised of titanium parallel-plate e lectrodes,  e a c h  0.005 in. thick, 

spaced  0.040 in. apart. T h e  electrodes are of two s h a p e s ,  as  shown at the  bottom of Fig.  1. 

PHOTO 67951A 

CERAMIC 
ELECTRODE TIE ROD / 

-- 
ACTIVE ACTIVE 

SECTION SECT I ON 

> 
0 1 2 3 4 

INCHES 

Fig. 1. Two-Active PCP 111 Section Sensitive Volume. The sensitive-volume can is shown at the top, 

and the  two types of electrodes used in the assembly are shown a t  the bottom. 
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Triangular” p l a t e s  a r e  used  as s igna l  e lec t rodes ,  and  “circular” p l a t e s  a r e  used  as  high- ( (  

voltage electrodes.  T h e s e  e lec t rodes  a r e  coa ted  with ‘OB for u s e  as  neutron-sensit ive chambers,  

with 235U for u s e  a s  f i ss ion  chambers, o r  a r e  left  uncoated for u s e  as gamma-sensitive chambers. 

Also, a gamma-compensated neutron-sensit ive chamber c a n  b e  made by us ing  boron-coated a n d  

uncoated electrodes,  appropriately coa ted  and  connec ted  (see Sect. 3.2). Electrically independent 

ac t ive  sec t ions  a r e  combined t o  a s semble  multipurpose radiation de tec tors  as  required for t h e  

different reactor appl ica t ions .  

Two models of ionization chambers were designed, P C P  I1 and P C P  111. T h e  P C P  111 model, 

an  improved version of t h e  ear l ie r  PCP I1 model, retains t h e  P C P  I1 charac te r i s t ics  but is s t ruc-  

turally more rugged and  c a n  b e  manufactured a t  a subs tan t ia l ly  lower cos t .  T h e  PCP 111 model 

is described in the  remaining portion of th i s  sec t ion .  

T h e  middle part of F ig .  1 shows  a typica l  s ens i t i ve  volume comprised of two neutron-sensit ive 

ac t ive  sec t ions .  T h e  ac t ive  sec t ions  are separa ted  and  supported by alumina ceramic d i s k s  u s e d  

to  anchor the  e lec t rode  t i e  rods. T h e  e lec t r ica l  connec t ions  a r e  fed  through t h e  aluminum b a s e  of 

the sens i t ive  volume to a multipin header.  T h e  overall  maximum e lec t r ica l  interaction between 

two adjacent  s e c t i o n s  is less than 1%. T h e  in te rac t ions  are caused  primarily by the  pas sage  of 

lead connections from t h e  front ac t ive  sec t ion  in close proximity t o  the  rear  section. 

T h e  sens i t i ve  volume is contained in a n  aluminum can ,  as shown a t  t he  top  of F ig .  1. If re- 

quired, t he  c a n  may b e  welded t o  the  sensit ive-volume b a s e  s o  tha t  t he  s e n s i t i v e  volume may b e  

filled with i t s  own gas filling, a s  is t h e  case with the  P C P  I1 model. However, in a majority of 

t he  applications,  t he  sens i t i ve  volume s h a r e s  t h e  same gas fi l l ing with t h e  r e s t  of t h e  chamber- 

housing volume. Depending on the  different ac t ive  sec t ion  combinations, t h e  gas and  its fil l ing 

pressure a r e  se lec ted  to obtain the  b e s t  compromise. 

1 

2.2 Chamber Assembly 

T h e  chamber assembly (Fig. 2) cons i s t s  of four main parts:  a sens i t i ve  volume (described in 

Sect. 2.1), a core assembly ,  a cab le  assembly, and a nickel chamber housing. T h e  co re  assembly 

provides a highly radiation-resistant, multicoaxial cab le  extension of 28  in. between t h e  sens i t i ve  

volume and t h e  c a b l e  assembly and, a f te r  completion, is a plug-in unit  t o  which the  sens i t ive-  

volume multipin header  and  the  cab le  assembly a r e  plugged. An aluminum body, 2.2 in. in diam- 

e te r  and 27 in. long, i n  the  core  assembly surrounds a 0.75-in.-diam alumina multihole insulator. 

T h e  multihole insu la tor  is perforated by s e v e n  ax ia l  ho les :  four contain coaxia l  a s sembl i e s  of 

nickel wires inser ted  in  alumina insulator tubings which a r e  coa ted  with Aquadag on their  out- 

s i d e  surface,  and  three a r e  for unshielded nickel-wire connections.  A multicoaxial plug is 

mounted on the  rear end  of the  aluminum body. From t h e  multihole insulator t o  the  multicoaxial  

plug, the  insulation on t h e  connecting wires  is preirradiated polyethylene and  the  sh i e lds  a r e  

copper braids. 
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T h e  c a b l e  connect ing t h e  ionization chamber to electronic  instruments c o n s i s t s  of seven  

individual coaxia l  cables sh ie lded  and jacketed together  and insulated with preirradiated poly- 

ethylene.  T h i s  c a b l e  is connected to a multicoaxial ,  hermetic ceramic receptacle  tha t  mates  

to t h e  plug of the  core  assembly.  The  c a b l e  and  receptac le  are inser ted into a f lexible  annular 

metallic tube which is welded at the chamber end  to a receptacle  housing. T h e  external  she l l  

of t h e  receptacle  is welded to t h e  teceptacle  housing t o  provide a hermetic seal. T h e  cable 

assembry is also s e a l e d  a t  its other  end. 

An external view of a PCP I11 ionization chamber assembly is shown in Fig.  3. 
After a chamber h a s  been completely assembled,  t h e  chamber housing is welded to t h e  re- 

cep tac le  housing, and t h e  degass ing  and g a s  f i l l ing operat ions a r e  made through the  exhaus t  

tube mounted to  the  receptacle  housing. 

HERMETIC RECEPTACLE MULTIHOLE INSULATOR CHAMBER HOUSING 
MULTICOAXIAL 

. ,  

--EXHAUST TUBE '\COAXIAL CABLE ASSEMBLY 

CABLE ASSEMBLY 0 44 f V/2 2 ZVz CORE ASSEMBLY 
1 ' I I I I I I I I I  

INCHES 

F ig .  2. PCP I l l  Ionization Chamber Assembly. 

SENSITIVE VOLUME 

^..^__ - _ _ _ _  

Fig. 3. External V iew of Ionization Chamber Assembly. The coiled waterproof and f lexible metall ic 

tubing, the multicooxial cable, and mul t icwxio l  connector ore shown in  the background. 

* 
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A typical PCP 111 chamber assembly was  subjec ted  t o  acce lera ted  irradiation in gamma-&y 

fluxes corresponding t o  f ive  t o  ten  yea r s  of normal operation in  reactor installations.  There  

was  no noticeable damage to t h e  c a b l e s  o r  t h e  seal, and  there w a s  n o  degradation in  t h e  per- 

formance of the  ionization chamber. 

I 

3. IONIZATION CHAMBER PERFORMANCE 

3.1 Boron-Coated Ionization Chambers 

In t h e  majority of appl ica t ions  of boron-coated neutron-sensit ive ionization chambers, t he  

current output range is limited by a lack  of sa tura t ion  a t  high currents and  by the  gamma radia- 

tion background. Thus ,  t h i s  chamber w a s  des igned  for  good saturation charac te r i s t ics  and  

optimization of neutron-to-gamma sens i t iv i ty  ratio. 

Good saturation charac te r i s t ics ,  even  a t  high current outputs,  were obtained by se l ec t ing  

a close e lec t rode  spac ing  of 0.040 in. and  a low gas-filling pressure.  T h e s e  two cho ices  a r e  

required t o  minimize ion  recombination. Typically,  for a sa tura t ion  current of 150  pa, t h e  cur- 

rent collection is more than  99% complete a t  a n  appl ied  vol tage  of 150 v. In t h i s  example, t h e  

boron-coated ac t ive  sec t ion  is fil led with nitrogen a t  a pressure  of 1.05 atm, and  the current 

density is 0.5 ba/cm2. 

T h e  neutron-to-gamma sens i t iv i ty  ratio is optimized by se l ec t ion  of t h e  sensit ive-volume 

materials and  the  fi l l ing g a s  and pressure.  Also,  s i n c e  in  many reactor control applications,  

ionization chambers are loca ted  in light-water media, i t  is advantageous  t o  u s e  a short-length 

sens i t i ve  volume tha t  h a s  a relatively low sens i t iv i ty  to neutrons and  gamma rays. B e c a u s e  

the  relaxation length for thermal neutrons is much shor te r  than that for  reactor-leakage gamma 

rays, for a given neutron-output current a low-sensitivity chamber must b e  located nea r  t o  the  

core sur face  where the ratio of thermal-neutron to  gamma-ray fluxes is higher. Table  1 il lus- 

t ra tes  this point. Both ionization chambers were assumed to have  t h e  same neutron-to-gamma 

. sens i t iv i ty  ratio, and  both chambers were assumed to b e  loca ted  in a neutron flux s u c h  that t he  

Table 1: Gamma Current Outputs for Two Different Chambers Located in  a Reactor Light-Water Shield 

Swimming Pool: 1 Mw, ,H,O Shield, ,  
50-l.ta Neutron Currenta 

Chamber Sens i t iv i t ies  

Chamber Type Neutron Gamma * 

Gamma Fluxe Gamma Current (amp/nv) (amphr/r) 
(r/hr) (P I  

High-sensitivity ' 3 X 1 x lo-" 1 x lo6  1 0  

Low-sensitivity 3 x 1 0 - l ~  1 x 2.7 X lo6  2.7 

aData by the staff  of the Bulk Shielding Faci l i ty ,  Attenuation in Water of Radiation from the Bulk 
Shielding Reactor: Measurements of the Gamma-Ray D o s e  Rate,  Fast-Neutron Dose Rate, and Themzal- 
Neutron Flux, ORNL-2518 (July 8, 1958). . 
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neutron-current output w a s  50 pa. In th i s  example, t h e  output gamma current of the  low-sensi- 

tivity chamber is m o r e  than three  times less than  tha t  of the  high-sensit ivity chamber. 

Fo r  the  reason previously d i scussed ,  t h e  neutron sens i t i v i t i e s  of t h e  individual boron-coated 

ac t ive  sec t ions  used  in  t h e  different chamber configurations a r e  between 3 x 10- 

amp/nv. 
and  6 x 10- ' 

For  activation consideration, the  materials used  in t h e  sens i t i ve  volumes a r e  titanium, alu- 

minum, and  high-purity alumina ceramic. To ach ieve  low gamma-sensitivity performances, low- 

density materials a r e  used, and the  amount of material is kept t o  t h e  minimum necessary  for 

the ruggedness of the  assembly. Fo r  this reason titanium is preferred to aluminum as  e lec t rode  

material. Also,  t h e  'OB coat ing  adheres  be t te r  t o  titanium when applied a s  follows: a colloidal 

suspens ion  of 'OB in mineral oil is sprayed  on  the  e lec t rodes ;  then the oil  i s  baked out at 600OF. 

Several  t e s t s  were performed t o  measure the  neutron and  gamma sens i t i v i t i e s  of t h e  ac t ive  

sec t ions  as  a function of g a s  filling pressure  for f ive  gases. T h e  results a r e  summarized in 

Tab le  2. An ac t ive  sec t ion  cons is t ing  of seven  s igna l  e lec t rodes  and  eight high-voltage elec- 

trodes was  used .  T h e  boron coa t ing  was  0.35 mg/cm2. For  e a c h  gas ,  t h e  pressure  w a s  ad- 

jus ted  to obtain a neutron sens i t iv i ty  of 6.0 x lo-' ' amp/nv. 

It is in te res t ing  to not ice  that t h e  figures of merit i n  Tab le  2 vary l i t t l e  a s  a function of the  

atomic number Z.  Hydrogen was  not considered, b e c a u s e  a pressure  of approximately 13 atm 

would have  been necessary  t o  obtain a neutron sens i t iv i ty  of 6 x lo- ' '  amp/nv. A s  a conse-  

quence, t he  increased  th ickness  of the  sensit ive-volume c a n  required t o  withstand s u c h  pressure 

would make the  chamber more sens i t i ve  t o  t h e  gamma radiation, and  the  ne t  gain by us ing  hy- 

drogen would b e  cance led .  

Nitrogen is t h e  fi l l ing g a s  for boron-coated neutron-sensit ive chambers,  because  i t  is the  

most s t ab le  gas recommended for close e lec t rode  spac ings  a n d  i t  i s  a good compromise among 

different requirements. 

Table 2. Ratio of Neutron to  Gamma Sensitivities for Different Chamber Gas F i l l ings 

Sensit ivity 

Neutron Gamma 
(amp/nv) (amp-hr/r) 

Atomic Number, Gas  Pressure Figure of 
Merita 

Gas  
Z (aim> 

H e  2 

N 2  14 

Ar 18 

Kr 36 

X e  54 

x 1 0 - l ~  x 10-12 

4.80 6 1.25 . 1.15 

1.10 6 1.45 1.0 

0.76 

0.53 

0.34 

6 1.57 0.90 

6 2.4 0.60 

6 2.6 0.55  

i' 

e 

,*-. 
' i  

.. 

2 '  
aRatio of neutron to  gamma Sensit ivit ies ,  normalized to 1 for N 
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T h e  neutron-to-gamma sensi t ivi ty  ratio for the  nitrogen-filled chamber in Table  2 is higher 

than that of any commercially avai lable  boron-coated ionization chamber with a sensi t ivi ty  be- 

tween 5 x 10- l and 2 x 10- l ' amp/nv. 

3.2 Gamma-Compensated Ionization Chambers 

By using parallel p la tes  we have  developed a new electrode configuration (Fig. 4) that  

ach ieves  an  electr ical ly  adjustable  gamma compensation. The  sur face  a rea  of the  s igna l  

e lectrodes is less than that  of the  high-voltage electrodes.  Fo r  equal  posit ive and negat ive 

polarizing potent ia ls ,  the  zero-equipotential  sur face  (Fig. 4a) is a n  extension of the s igna l  

electrode, and as  a consequence,  the electr ical  field l ines  are s t ra ight .  For unequal polarizing 

potentials (Fig.  46), the  field l ines  a r e  distorted; and t h e  effect ive col lect ion volumes, which 

are determined by the  field l ines  drawn heavily in the figures, a r e  changed accordingly. Since 

the saturation charac te r i s t ics  of t h e  two s i tua t ions  are essent ia l ly  the  same, adjustment of com- 

pensation by th i s  method d o e s  not affect  the  saturat ion.  

The  gamma-compensated a c t i v e  sec t ion  contains  16 s i g n a l  e lectrodes,  9 posit ive high-voltage 

electrodes,  and 8 negat ive high-voltage e lec t rodes  (Fig. 5). To reduce t h e  influence of geomet- 

rical effects  on the  gamma compensation, the length of the electrode s tacking  is nearly equal  to  , 

the electrode diameters. Fo r  t h e  same reason, the  eight  ion-chamber uni ts  indicated in  Fig.  5 
are  symmetrical re la t ive to the negative high-voltage electrodes.  T h e  a c t i v e  sect ion is filled 

with nitrogen a t  1 .05 atm. Without gamma compensation, the  chamber sens i t iv i t ies  a r e  6.0 x 

lo-'' amp/nv and 1.4 x amp-hr/r. 

Manufacturing tolerances a r e  such  that initially the  gamma currents cance l  within 1.5%. 
Figure 6 shows t h e  gamma compensation a s  a function of e lectrode voltages. The s l o p e  of 

the curve corresponds to  1 to  3% compensation change  per 100 v change in  negative polarizing 

ORNL-DWG 65-5849R 

EFFECTIVE COLLECTION VOLUME 

+ V  +2v 

-v - v  ' 

( b )  

Fig. 4. Diagram of Adiustable Electr ica l  Gamma Compensation. ( a )  Equal  positive and negative 

polarizing potentials. (b) Unequal positive and negative polarizing potentials. 
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ION CHAMBER UNIT (8 each) 
& 

S I  

I 

I 
L 

I 
I 

I 

I 

I 
I I  

UNIT CELL (46 each) J --- 'OB COATING 

t 

Fig. 5. Electrode Sequence of Gamma-Compensated Ionization Chamber. 

Table 3. Gamma Compensation Obtained for Vorious Gamma Sources with 

Fixed Electrode Voltages (+300 v, - 200 v )  

Deviation from 

( X )  
Gamma Source Facility Source Condition Shield and Geometry Total  Compensatione 

Hot cell,  6oCo 2000 curies  

Hot cell,  6oCo 2000 curies  

10 c m  of air, source a t  +0.8 
front of chamber 

10 cm of air, source a t  +1.3 
s ide  of chamber 

BSR, fission products 10 min after reactor scram 20 c m  of water +0.9 

BSR,b fission products 90 min after reactor scram 20 cm of water +0.9 

BSR,b fission products 1 week after reactor scram 20 cm of water +0.6 

BSR, fission products 1 week after reactor scram 40 c m  of water +0.5  

f 

L. 

aThe sign +means  undercompensation; that  i s ,  I +  

bBulk Shielding Reactor. 

- 
Y > I Y .  
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- UNDERCOMPENSATION 

voltage, with t h e  pos i t ive  vol tage  equa l  t o  +300 v. T h e s e  measurements were made in  a hot  

cell with a 6oCo source .  

Experimental resu l t s  show that t h e  gamma compensation is insens i t ive  to wide variations 

in intensity,  energy, and  geometry of the  gamma source.  Typica l  gamma compensation resu l t s  

obtained with the  s a m e  ionization chamber a r e  given in Tab le  3. 

T h e  gamma compensation a s  a function of t h e  chamber current w a s  also measured in  a hot  

cell with a 6oCo source.  T h e  experimental resu l t s  a r e  shown in  F ig .  7, where the  gamma com- 

pensation va lues  for fixed e lec t rode  vol tages  (+300 v, -2.50 v) are plotted a s  a function of t h e  

chamber uncompensated current. Over a range of three  d e c a d e s  of chamber uncompensated cur- 

rent, t he  deviation of t h e  compensation s t a y s  within +0.1%. T h i s  range of three decades ,  ex-  

pressed  as gamma flux, is from 2 x lo6 to 2 x lo3 r/hr. 

T h e  experience in  reactor application ind ica tes  tha t  t h i s  method of gamma compensation is 

s tab le .  Fo r  a given reactor gamma-background condition, a variation of 0.4% in compensation 

was  measured over  a one-year period. 

+3 
ORNL-OWG 63-306ER2 

FIXED POSITIVE ELECTRODE 
VOLTAGE: +300 v 

-3 
-400 -350 -300 -250 -200 -150 - 1 0 0  

NEGATIVE ELECTRODE VOLTAGE ( v )  

Fig.  6. Gamma Compensation as  a Function of 

Meosurements were made in a Electrode Voltages. 

hot ce l l  with o 6oCo source. 

ORNL-DWG 63-3066F 
to+ 

5 

- 

I HV-: -250 v 

A 

2 5 1 1  
. Fig. 7. Gamma Compensation as a Function of 

Chamber Current. 
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3.3 Fission Chambers 

A f i ss ion  chamber with a parallel-plate arrangement, descr ibed  in Sect. 3.2, was  built  and 

tes ted .  T h e  ac t ive  sec t ion  cons i s t s  of 15 s igna l  e lec t rodes  and  16 high-voltage e lec t rodes  

coated with 1 .0  mg/cm2 of >99% 2 3 5 U .  T h e  to ta l  coa t ing  sur face  is 1000 cm2. T h e  electrode 

spac ing  is 0.080 in., rather than the  s tandard  0.040 in., t o  i nc rease  the  g a s  volume required for 

t he  fission-fragment energy colle'ction. 

When used  a s  a pulse  fission chamber, the  ac t ive  sec t ion  h a s  a sens i t iv i ty  of 0.55 count 

neutron-' an- , .  F igure  8 shows  the  neutron p la teau  and  t h e  alpha and  gamma pileup char- 

ac t e r i s t i c s  of the  detector filled with a mixture of 97% Ar and 3% CO, at  a pressure  of 3 atrn. 

Discrimination aga ins t  gamma pileup pu l ses  in  a flux of 3 x l o5  r/hr c a n  readily be  achieved. 

Fo r  application a s  a n  average-current ionization chamber, t h e  ac t ive  sec t ion  w a s  f i l l ed  

with a g a s  mixture of 99% Ar and 1% N,  a t  0.79 atm. T h e  corresponding sens i t i v i t i e s  a r e  

7.2 x amp/nv and  9 x lo-', amp-hr/r; t he  a lpha  residual current is 1.1 X * I O - ' ~  amp. 

At a saturation current of 1 x 

a n  applied voltage of 200 v. 

amp, t he  current collection i s  more than 95% complete a t  

In a fission chamber used  as  a n  average-current ionization chamber, the  chamber current 

a r i s e s  from two sources .  T h e  first  sou rce  is ionization produced b y  the  par t ic les  emitted a t  

the  time of t h e  fission: t he  fission fragments and  the  prompt be ta  and  gamma rays .  T h e  second 

I o4 

5 

2 
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1 0' 
0 
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VI 
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F ig .  9. Calculated and Experimental Fission-Chamber Residual Currents Due to F iss ion Product 

Parametric curves are for different irradiation times. Act ivi ty  os a Function of the Time After Irrodiotion. 

source,  which is undesirable,  is t h e  ionization produced by t h e  be ta  and  gamma rays emitted 

by t h e  radioactive f i ss ion  products. T h i s  current, ca l led  residual current, is related t o  the  

“neutron history” of t h e  chamber: thermal-neutron flux, chamber irradiation time, and  t ime 

af te r  irradiation. 

To eva lua te  th i s  res idua l  current, a n  experiment w a s  performed us ing  the  f i ss ion  chamber 

previously descr ibed  for application as a n  average-current ionization chamber. Fo r  th i s  ex- 

periment, t he  chamber w a s  irradiated for 5 min in  a cons t an t  thermal-neutron flux between l o 3  
and lo4 higher than tha t  for any  other previous irradiation of t h i s  chamber, i n  order t o  override 

the  effect  of prior residual currents and the a lpha  current. T h e  current I ,  w a s  1 x amp. 

After t he  irradiation, t h e  chamber w a s  removed from t h e  reactor flux, and the  residual current 

I was  recorded for 3 hr. F igure  9 shows  t h e  ratio of I t o  I ,  as  a function of t h e  time af te r  ir- 

radiation. F igure  9 also shows  a family of curves  of [ / I ,  for different t imes  of irradiation, 

calculated us ing  the  empirical  formula of Untermyer and  Weills’ for afterheat from be ta  and  

gamma mys of irradiated .’35U. F i t t ing  of t he  ca lcu la ted  currents with t h e  measured current 

was  made a t  10 sec af te r  irradiation. 

Considering t h e  es t imated  accuracy of *SO% of t h e  Untermyer and  Weills formula, t h e  ex- 

perimental a n d  ca lcu la ted  curves  f i t  sa t i s fac tor i ly  for a n  irradiation t ime of 5 min. From t h e s e  

curves,  fission-chamber range l imitations for average-current application can  b e  determined for 

other configurations. 

’S. Untermyer and J. T. Weills, Heat Generation in Irradiated Uranium, ANL-4790 (Feb. 25, 1952). 
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3.4 Gamma-Sensitive Ionization Chambers 

i- 

r" 

Although neutron flux is used  universally a s  a parameter for reactor control and safe ty ,  the  

u s e  of gamma radiation from the  core can  be  advantageous,  espec ia l ly  in a light-water sh ie ld ,  

which a t tenuates  neutrons much more strongly than gamma rays. In high-performance research 

reactors, t h e  many beam ho les  and  experiments c a n  resu l t  i n  flooding, by mis take  or  acc ident ,  

a part of t he  region between the  core and  t h e  detector.  Thus ,  sa fe ty  gamma chambers a r e  rec- 

ommended, because  in t h i s  type of accident,  t h e  gamma flux is much less reduced than t h e  

neutron flux and  a better s a fe ty  ac t ion  aga ins t  core  meltdown is obtained. 

On the  other hand, gamma chambers have  a well-known limitation: the  radioactive decay 

of the  f i ss ion  products g ives  r i s e  to a s igna l  t ha t  is not proportional t o  the  reactor power. Ex- 

periments were performed with a gamma chamber (to b e  described l a t e r  i n  t h i s  sec t ion)  t o  eval-  

ua te  t h e  fission product component of the  chamber current. Resu l t s  show tha t  as l i t t l e  as 50 c m  

of l ight water  is enough t o  absorb  the  low-energy f i ss ion  product gamma rays;  however, t he  high- 

energy f i ss ion  product component cannot b e  significantly reduced by additional lead  a s  a sh ie ld .  

In the  Oak Ridge Research Reactor (ORR), for a gamma chamber a t  50 c m  from t h e  core sur- 

face ,  13% of the  to ta l  current a t  s t eady  power w a s  attr ibuted to  the  fission product gamma rays. 

Other measurements show tha t  85% of t h e  f i ss ion  product gamma-component buildup occurs  within 

10 min af te r  t h e  f i ss ion .  As  a result, 10 min af te r ' a  hypothetical  s t e p  increase  from ze ro  to  full 

reactor power, t h i s  gamma chamber would reach 98% of i t s  to ta l  current a t  s t e a d y  power L0.87 + 
(0.85 x 0.13) = 0.981. Also, 10 min af te r  a scram of t h e  ORR, a f te r  a n  operating period of two '  

weeks,  t he  measured residual current w a s  2%. T h i s  behavior i s  perfectly acceptab le  for sa fe ty  

applications a t  near  reactor rated power, if one  compares th i s  error with errors of s e v e r a l  hundred 

percent experienced when us ing  a neutron-sensit ive chamber located behind a flooded b e a m  hole. 

Different gamma-sensitive ac t ive  s e c t i o n s  were bui l t  and  t e s t ed  us ing  the  parallel-plate con- 

figuration. T h e  two major factors which a f fec t  t h e  sens i t iv i ty  of a gamma chamber a r e  t h e  elec- 

trode material and  the  gas filling. Fo r  maximum output of gamma current, t h e  e l ec t rodes  should 

be  thick and  made of a high-density material. Nickel appears  to b e  t h e  most practical  material 

if one  cons iders  density,  activation c r o s s  sec t ion  and  radioactive life, and  availabil i ty.  Cal- 

cu la t ions  and experiments h a v e  shown tha t  optimized gamma sens i t iv i ty  per unit  of ac t ive-  

sec t ion  volume is obtained with nickel e lec t rodes  0.010 in. thick, spaced  0.040 in. apart .  By 

Table 4. Chamber Gamma Sensitivity as a Function of Different F i l l i n g  Gases a t  a Pressure of 1.32 atm 

Ar Kr Xe 

Gamma sensit ivity,  0.25 1.23 - 1.87 3.8 6 . 9  

N *  He 

(amp-hr/r) X 10- 1 1  

Gas atomic number, Z 2 1 4  18 36 54 

Gamma sensit ivity/Za 1.42 1 .o 1.18 1.20 1.45 

aNormalized t o  1 for  N2. 
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c; 

comparison, for a given f i l l ing g a s  and g a s  pressure,  t h i s  configuration is twice  a s  sens i t ive  

a s  O.OOS-in.-thick titanium electrodes a l s o  s p a c e d  0.040 in. apart. 

Gamma s e n s i t i v i t i e s  a s  a function of different f i l l ing g a s e s  a r e  given in  Table  4 for an 

ac t ive  sect ion cons is t ing  of 37 s igna l  and 38 high-voltage nickel  e lectrodes 0.010 in. thick 

each  and spaced  0.040 in. apart. In each  c a s e  t h e  g a s  pressure is 1.32 atm. Experimentally, 

the chamber sensi t ivi ty  was  found to  vary linearly with the  g a s  pressure up to 5 atm. Also, 

the sensi t ivi ty  i s  a lmost  proportional t o  t h e  g a s  atomic number 2. . 

4. CONCLUSIONS 

T o  date, nine different models of ionization chambers were designed according t o  th i s  

concept and used  in  various reactor appl icat ions.  One particular model is a combination of 

four individual a c t i v e  s e c t i o n s  in the  same s e n s i t i v e  volume. Two chamber models a r e  com- 

mercially avai lable .  

More than 20 chambers have been fabricated and ins ta l led  in  different ORNL reactors. 

5. APPENDIX 

5.1 Description and Characteristics of Ionization Chambers Bui l t  and Tested 

In Table  5 two models of ionization chambers are l is ted:  P C P  I1 and P C P  111. T h e  P C P  111 

model, an  improved version of the  ear l ier  P C P  I1 model, re ta ins  the  P C P  I1 character is t ics  but 

is structurally more rugged and c a n  b e  manufactured a t  a substant ia l ly  lower cos t .  

The  gamma and neutron sens i t iv i t ies  in Tab le  5 a r e  for unperturbed homogeneous neutron 

and gamma fluxes.  T h e  accuracy is *lo%. For chamber application in  light-water shieldings,  

the sens i t iv i t ies  a r e  given on the drawings l i s ted  in Sect.  5.2. 

5.2 Ionization Chamber Drawings and Procedures 

In Table  6 the completed drawings and procedures for fabrication of P C P  I1 ionization cham- 
~ 

bers, types 104, 105, 106, and 107, and P C P  111 chambers, types 106 and 109, a re  l is ted.  

For the other three chamber types  ( P C P  I1 types  101, 102, and 108), no completed drawings 

or procedures are available.  



Table. 5. Description and Characteristics of Ionization Chambers Bui l t  and Tested 

Electrode Gas Fi l l ing Neutron Neutron-Sensitive 
Model Type Section Sections Sensitivity Sensitivity Depositb Thickness  Pressure 
P C P  Type of Gamma 

(atm) 
Gas  (in.) Material 

(amp-hr/r) (amp/nv) (mg/cm 2, 

I1 

I1 

I1 

I1 

I1 

I1 

I1 

I11 

I11 

101 

102' 

104 

105 

106 

107 

108 

106 

109 

1 

2 

1 

l a  
l b  
2 

3 

1 

1 

2 

1 

2 

1 

1 

2 

l a  

l b  
2 

G 
UN 

F C  

UN 
UN 
G 
UN 

G 

UN 
GCN 

UN 
UN 

GCN 

UN 
GCN 

UN 
UN 
UN 

x 10-12 

32 

2.4 

9 

2.8 

2.1 

3.6 

1.4 

170 

2.3 

1.4d 

3.2 

2.5 

1.4d 

2.3 
1.4d 

2.2 

1.5 
2.0 

x 1 0 - l ~  

5.0 

72 

5.3 
3.1 

4.8 

5.2 
4.7 

6.5 

6.6 

6.0 

5.2 

4.8 

5.4 

3.5 
6.8 

0.25 

1.0 

0.30 

0.30 

0.30 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

Nickel 
Ti t  ani  um 

Titanium 

Titanium 
Titanium 
Titanium 
Titanium 

Nickel 

Nickel 
Nickel 

Titanium 
Titanium 

Titanium 

Titanium 
Titanium 

Titanium 
Titanium 
Titanium 

0.010 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.010 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 
0.005 

0.005 

0.005 

0.005 

N2 
N 2  

N 2  

N 2  

N 2  

N 2  

N 2  

N 2  

N2 

N 2  

N 2  

N 2  

N 2  

N 2  

N2 

N 2  

99% Ar + 1% N 2  

Xe + 3% C02  

4.0 

4.0 

0.79 

1.32 
1.32 

1.32 

1.32 

3.0 

1.05 

1.05 

1.32 

1.32 

1.05 

1.05 

1.05 

1.32 
1.32 

1.32 

r 
P 

aSection types are  designated a s  follows: G, gamma sensitive; UN, uncompensated neutron sensi t ive;  FC,  fission chamber; and GCN, gamma com- 
pensated neutron sensi t ive.  

bExcept for the P C P  I1 type 102 chamber, all  neutron-sensitive sect ions have a deposit of 'OB enriched to  92%. The P C P  I1 type 102 chamber h a s  a 
deposit of 235U enriched to  >99.8%. 

'For f i ss ion  counter application, the P C P  I1 type 102 chamber is filled with a mixture of 97% Ar and 3% C 0 2  a t  3.0 atm. The sensi t ivi ty  is 0.55 

dWhen uncompensated. 
count neutron-' cm-l. For fission chamber application, the residual alpha current is 1.1 x amp. 

f '3 " 7 . 1  



Table 6 . .  T i t les  and Numbers of Drawings and Procedures for Fabrication of Ionization Chambers 

Drawing and Procedure Numbers 

Drawing and Procedure Ti t les  P C P  I1 Chambers P C P  I11 Chambers 

For Type 104 For Type 105 For Type 106 For Type 107 For Type 106 For Type 109 

Main Drawings 

Characterist ics,  Dimensions, and External Wiring Q-2618-104-1 Q-2618-105-1 Q-2618-106-1 4-2618-107-1 Q-2633-106-1 4-2633-109-1 
Chamber Housing Assembly Q-26 18-1 04-2 Q-26 18-1 05-2 4-26 18-1 06-2 4-2618-1 07-2 Q-2633-106-2 4-2633-109-2 
Sensit ive Volume Subassembly Q-2618-104-3 Q-2618-105-3 4-2618-1 06-3 4-2618-107-3 Q-2633-106-3 4-2633-109-3 
Cabling Assembly Q-2618-104-4 4-2618-105-4 4-2618-106-4 4-2618-107-4 4-2633-106-4 Q-263i-1094 

Casing Subassembly. 
Shield Can and P la t e  
P lug  Housing and Accessory 
Insulator 
Core 
Miscellaneous 

Chamber Assembly Deta i l  Drawings 

4-26 18-2 01 Q-2 6 18-20 1 4-26 18-201 4-26 1 8-20 1 Q-2633-2 0 1 4-263 3-201 

4-26 18-202 4-26 18-202 4-26 1 8-202 Q-26 1 8-2 02' Q-263 3-2 02 Q-2633-202 

4-26 18-203 Q-26 18-203 Q-2618-203 4-261 8-203 Q-2633-203 Q-2633-203 

4-2618-204 Q-2618-204 Q-2618-204 Q-2618-204 Q-2633-204 Q-2633-204 c ul Q-2618-205 Q-2618-205 Q-2618-205 4-2618-205 4-2633-205 Q-2633-205 . 
4-26 18-206 Q-2 6 18-206 4-26 18-2 06 Q-2 6 18-206 Q-263 3-2 06 4-263 3-206 

Sensitive Volume Subassembly Deta i l  Drawings 

Base  Subassembly 4-26 1 8-301 Q-26 18-301 4-26 18-30 1 Q-26 18-301 Q 2 6 3  3-301 4-263 3-30 1 
Can 4-261 8-302 Q-26 18-302 4-26 18-302 Q-2618-302 Q-2633-302 Q-2633-302 
Punched Electrodes and Grdunding Tab Q-2618-303 4-2618-303 4-2618-303 4-2618-303 4-2633-303 , Q-2633-303 
Insulator 4-26 1 8-304 4-26 1 8-304 Qr26 18-304 Q-26 18-304 4-263 3-304 4-2633-304 
Tie Rods, Spacers, and Signal Shield Tubing Q-2618-305 Q-2618-305 4-2618-305 Q-2618-305 4-2633-305 4-2633-305 

Housing Subassembly 
Receptacle 
Moisture-Proofing Capsule Subassemblies 

Cabling Assembly Deta i l  Drawings 

Q-26 1 8-40 1 Q-2 6 18-401 Q-26 18-401 4-26 1 8-401 4-263 3-401 4-2633401 
4-26 18-402 Q-26 18-402 4-26 18-402 4-26 18-402 4-2633402 4-2633-402 

Q-2618-403 ' Q-2618-403 4-2618403 Q2633-403 

Corresponding Procedures:a Assembly and Testing Instructions 

For the Chamber Housing Assembly P-2618-104-2 b P-26 18-1 06-2 P-2618-107-2 P-2633-106-2 P-2633-109-2 
For the Sensit ive Volume Assembly b b P-2618-106-3 P-26 18-1 07-3 P-2633-106-3 P-2633-109-3 

For the Cabling Assembly and the Assembly of P-26 18-1 04-4 P-26 18-1 05-4 P-26 18-1 06-4 P-26 18-1 07-4 P-2633-106-4 P-2633-109-4 
Cabling with the Ionization Chamber 



Table 6 (continued) 

Drawing and Procedure Numbers 

Drawing and Procedure Ti t les  P C P  I1 Chambers P C P  I11 Chambers 

For Type 104 For Type 105 For Type 106 For Type 107 For Type 106 For Type 109 

Helium Leak T e s t  Instructions 
Electrodes: Punching, Etching, and Coating 

Instructions 
Special Tools  and J igs  
Ionization Chamber T e s t  Geometry 

Special Procedures and Drawings 

P-26 33- 1 P-2633-1 P-2618-1 P-2618-1 P-26 18-1 P-2618-1 

. .__ 
P-2618-2 P-26 18-2 P-26 18-2 P-26 18-2 P-2633-2 P-2633-2 

i.-. 
4-263 3-501 4-263 3-50 I 
4-2633-502 4-2633-502 

eThese procedures correspond to  the main drawings; that is, P-2618-104-2 corresponds to drawing 4-2618-104-2, and P-2633-109-4 corresponds to 

bNot available. 
4-2633-109-4, for example. 



' 17 
; I  
; I  
\ i  

O R  N L - 3929 
UC-80 - Reactor Technology 

c 
6 

1. 
2-4. 

5. 
6-7. 

8-42. 
43 * 
44. 
45. 
46. 
47. 

49. 
50. 
51. 
52. 
53. 
54. 
55. 
56, 
57. 
58 I 

48. 

. .  

132. 
133. 
134. 
135. 
136. 
137. 
138. 
139. 
140. 

14 1-471. 

INTERNAL DlSTRl8UTlON 

Biology Library 
Central Research Library 
Reactor Division Library 
ORNL - Y-12 Technical Library 
Document Reference Section 
Laboratory Records Department 
Laboratory Records, ORNL R.C. 
R. K. Abele 
J. A. Auxier 
C. J. Borkowski 
C. D. Cagle 
M. M. Chiles 
W. T. Clay 
R. A. Costner, Jr. 
R. A. Dandl 
E. P. Epler 
D. N. Fry 
C. S. Harri l l  
L. B. Holland 
W. H. Jordan 
D. J. Knowles 
C. E. Larson 

59. 
60. 
61. 
62. 

63-64. 
65- 1 14. 

115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 
125. 
126. 
127. 

128- 129. 
' 130. 

131. 

M. I. Lundin 
H. G. MacPherson 
L. C. Oakes 
H. G. O'Brien 
R. B. Parker 
D. P. Roux 
P. Rubel 
J. B. Ruble 
J. A. Russell, Jr. 
G. S. Sadowski 
R. T. Santoro 
M. J. Skinner 
L. E. Stanford 
R. S. Stone 
G. G. Stout 
J. R. Tallackson 
D. E,. Tidwell 
R. W. Tucker 
D. D. Walker 
J. E. Watson 
A. M. Weinberg 
R. C. Weir 

EXTERNAL DISTRIBUTION 

S. H. Hanauer, University of Tennessee, Knoxvil le 
J. C. Gundlach, Reactor Controls, Inc., Oak Ridge 
F. C. Legler, Atomic Energy Cornmission, Washington 
N. Gros sman, Atomic Energy Commission, Washington 
R. A. DuBridge, GEAP, Son Jose, California 
M. A. Shultz, Milletron, Irvin, Pennsylvania 
A. Pearson, AECL, Chalk River 
J. A. Swartout, 270 Park Avenue, New York 17, New York 
Research and Development Division, AEC, OR0 
Given distribution as shown in TID-4500 under Reactor Technology category (75 copies - CFSTI) 


