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INTRODUCTION

T he objectiv*» of P ro ject A greem ent 22 is to d e te rm in e  the feasibility  of covering the com plete
3 13re a c to r  neutron flux s ta r tu p  range Irom  10 - 5 *  10 nv by using in -c o re  ion cham bers. The 

counting mode of operation w ill be used at low leu tron  fluxes and the roo t mean square voltage 
fluctuation mode will lie u s e i  at high neutron flux levels.

E xperim en ts have been run  utilizing various ion cham bers , gases, g as  p re s su re s , voltages, and 
c ab les  to m easure se n s itiv itie s  and ranges opera ting  in the counting and RMS voltage modes. 
T h eo re tica l d iscussions a re  p resented  showing how the RMS voltage is  re la ted  to individual pu lse  
at both am plifier input and output Noise is a lso  com pared at am plifie r output so that the optim um  
bandwidth can be selected Spectral shifts with changes in applied voltage causing signal v a r ia 
tions have been examined and can be elim inated by appropriate se lection  of am plifier bandwidth.
In the counting mode, all experim en ts have been conducted with un term m ated  cable. The ch am b er 
has been  designeJ with geo m etry , gas. and p re s s u re  to completely stop  fission fragm ents in the 
gas and hence maximize the charge generated in the cham ber. C ables have been selected to m in i
m ize capacity Various g a s e s , p re s su re s , and voltages have been used to determ ine that an o p ti
mum design has been achieved.
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1

SECTION J

ION CHAMBER DESIGNS AND EXPERIMENTAL SETUPS

The ion cham bers  designed for th is  study are  shown in Figures  1-1 and 1-2. These basic designs 
were provided with various coat ings for various exper iments .  Below is the  nomenclature used 
throughout this report  to identify the various cham b ers .

d2 °1 L
Enrichment

Percent
Thickness 

(mg m /c  m2)
Location 

of CoatingIon Chamber (in. ) (in. ) (in ) Coating

Long fully enriched 0. 210 0 194 9 U3°8 93 0. 4 Collector
Short fully enriched 0. 209 0 169 1 U3°8 93 2. 0 Case
Long 1. 5 percent 

enr iched
0. 210 0 194 9 U3°8 1.5 2 0 Collector

Short gam m a 0. 210 0. 194 1 None 0 0 None

All c h a m b e r s  were equipped with a gas fill tube f rom  the bottom end cf the  chamber so that the 
chamber  gas  and pressure  could be changed while the chamber was in the rea c to r  or  isotopic 
source. The chambers were always evacuated and flushed at least three t im e s  before m easu re 
ments w e re  taken. Only the pures t  commercial g a s e s  were used.

The c h a m b e r s  have a numlier of noteworthy features.  They are  all ex te r io r  304 stainless steel 
and welded construction. They a re  fabricated of m a te r i a l s  which can be used  in core to at least 
100C F for  very long exposures. They employ upper (see Figure 103) and lower end seals  which 
can be baked at 1000 F. thus permitt ing complete cable  bakeout at that t em p era tu re  Long ion 
c h am b ers  were developed for average flux m easurem ents

Th'> RMS Voltage experiments were  all conducted at the General Electric  Nuclear Test Reactor 
(NTR). The thermal and epicadnuum neutron fluxes a r e  shown in Figure 1-4. The gamma dose 
ra te  v e r s u s  neutron flux levels  is shown in Figure 1-5. The counting exper iments  were all con
ducted a t  the Vallecitos Atomic Laboratory in a Pu -B e  10-curie neutron source .

f
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Figure 1-1. Long Ion Chamber
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i Figure 1-2. Snort Ion Chamber

G
E

A
P-4386



f r y *  J

•  * 1  r » <  O A u * - *  &  4*

— — — — —  —
✓ :  I -

r®8 ; / j # * ' * / *L- - - - - - - - - - - - - - - - l s = - = L = - - - - - - - - - - - - - - - - - -

o
w
>
*0

Figure 1 -3. Upper End Connector
u
aoCT>



RE
LA

TI
VE

 F
LU

X 
RE

LA
T

GEAP-4386

distance irches trow bo tto m  or TNve.E

v e r t i c a l  f l u x  t r a v e r s e

DISTANT.! 'VCh ES FROM CELL FAC! 0* REFLECTOR >

HORIZONTAL F L U X  TRAVERSE i i « - i
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Figure  1-5. Gamma Pose vs Therm al  Neutron Flux 
(Center of Horizontal Channel at NTR)
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SECTION n

MEAN SQUARE FLUCTUATION VOLTAGES FROM ION CHAMBERS

The ob jec t of th is study is to d e te rm in e  the feasib ility  of using in -core  ion cham bers to cover the 
com plete  re a c to r  neutron flux s ta rtu p  range. Two m odes of operation a re  envisioned, a count mg 
mode fo r  low flux levels (see Section III) and the m ean square  fluctuation voltage mode at in te r 
m ediate and high flux levels (Section II). D-c operated ion cham bers cannot be used at interm ediate 
flux le v e ls  because of gam m a and d-c  leakage in te rfe re n ce  cu rren ts: hence, mean square fluc tua
tion voltage must be m easured to  circum vent these  two problem s.

D-c c u r re n t  in terferences at any neutron flux level can  be calculated from  the following equa
tions.

In th is sec tio n , the rneai sq u a re  fluctuation voltage mode of operation will be analyzed and e x p e r i
m ental r e s u l ts  to date given.

(1 i 2 2It can be shown ' that the m ean square fluctuation voltage ( U - ''U  * )  a t the output of the
d e tec to r and cable is rela ted  to  the individual pulse <v (t )) and the average ra te  of pulse occu rrence
(N) by

x

^U2> -  '"U 2 * N J[v(t>] 2 dt
o

2
T his sub tro i tion can be perfo rm ed  electronically  by blocking ■ with a cap ac ito r and shunting

2
it to ground  and m easuring the rem ainder (•''V ). T h is  is shown in F igure  2-1 . The ob\ >ous

2
advantage to  m easuring *̂ V ra th e r  than "'i ms that it is an a-c  m easurem ent and hence avoids 
d -c  leakage cu rren t in te rfe re n ce s  and also that the la rg e r  pulses (e g. . f iss io n ) a re  magnified 
with re s p e c t to sm aller pu lses (e. g . gamma) by the ra tio

/[*<»>] *<» r
_o_______ ____
x  ..2f
o

- 8 -
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Comparing the d-r current output (<i>) as related to rate of pulse occurrence (N) and pulse 
shape (t(t))

<i> i(t) dt

we get a discrimination per pulse of only

Given various forms of v(t) out of the detector and cable assembly, we can calculate the total 
mean square fluctuation voltage. Common forms of the individual pulse shape are:

a. v(t)
Q, - V
---- e
C

b. v(t) =
Qf -aJ-t
—  h + ^ ) t e

c. v(t) .-» *  (1 - .  
c

Qf is the total charge collected per pulse and C is the total input capacity of the detector, cable
1 2 2 2 and amplifier input. The corresponding values of <U >- • = V '  are

< V*>

< v2>

2u^C 2

2
1 c Qf ( ""I * ^ ) 
4 C2 a*. 3

c. V2> -  Qf N C2
1

+  —

2 + jJty 2(jj|

- 9 -
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T o  sim p lify  the notation , the mean square flu ctu ation  voltage w ill be denoted < n n > w ith  the under-
2 2standing it equals < U  > -  < U s  and is  m easu red  by the c ircu it shown in Figure 2 -1 .

T h e  mean square flu ctuation  voltage out of th e am p lifier  (F igure 2 -2 )  i s  given by
oc

v V 2 > (  < [v (u > )] : >  g(u»)

< [V M ] 2 >  = ^  F [ v (t) ]  F* [ v(t) ]

w h ere
F [v ( t ) ]  

F * [  v (t >]

F ou rier tran sform  of v(t) 

C om plex conjugate of F [ v ( t ) j

A ssu m e a pulse

v(t)
Qf

F [ v ( t ) ] / ■ <jl>< t - juX

F* [v ( t ) ]

[V(u>)] 2 >

p + juf

1

'  c * j-L!

TT « t2 1

C 2 + ju>) (lt)|

N 1

r C 2
2 2 

U t7 j + U.’

<o
' *"

*V

ts3 V
r 2

77 C 2 2 
1 + T j  J

-  10 -
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A ssum e the d ifferen tia tin g  and in tegratin g  tim e  constants (Tg) of the am plifier are eq u a l. The 
tran sfer function of th e am p lifier is

g M

g(<*>)

M T 2
(1 +  jufT2)Z

r j l

(i + JtJ )2

Hence the total output s ign al is

<V2>
oo

/

TT~r

,TT _̂f
v C2

T l 2 Qf2
~~r2 77 C

0  9

1 + T j u)

2 rp  2 2
1 i i 2 ) da!

-A.

/

77 < T

Q f 2

o

77

4

T !2 t 2

( 1  +  J T 7 ?

T 22 }  d U7
7i 7"2 2v n  ̂ ™T2 (1 +  T |  uj ) (1 + . T 2 jO )

2 ,

<T 1 + V

(T, ♦ T„)‘

Other sources add to the total mean square fluctuation voltage a 1 the  amplifier input; e .g .  . 
therm al ,  grid c u r ren t ,  and shot noise These  are  calculated following the derivation of 
Gillespie

Thermal  noise per unit bandwidth is rep resen ted  by

d - :v 2>
df

4 KTRj

where Rj is the de tector  load res is tor .  The t r an s fe r  function of input circuit lor thermal  noise 
i s  given by

^input

g input

1
1 + ju/T j 

1
l x  2t  21 + u> T j

- i i -
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"V “ ‘ out of the input c ircu i t  is given by

d ^ t h > 4KTR ginput^

/
Tot

d V '

a  ' th

4KTR 1
1 +  L ' T ,  r

4KTR i  r Ua

J  1 + <-Tl

V 2 > vth
K T
C 1

2V.h >out  of the amplifier is given by

/ “ • v th>
4KTR x

/ Ga U°!I2 ^ihu r  du.’

4KTR X /  rr . 2  2I n/ (xTp)2 ] 2 /  1 + (JTj)'
d .u

KTR 1

(Tl + V

The shot noise (for a triode) p e r  unit band width is  given by

d v|> 2. 5
4KT ( —  )

gm

4KT (Req)

- 12 -
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The mean square voltage out of the amplifier is  thus

GEAP-4386

V2>VS
4KT Req

2 77
J I g(^>

2KT Req /  T ,2 d ^

KT Req

f  i  2  a  Ou’

{  f 1 + <“ t 2>2 ] ‘

The grid current noise per unit band width is

d  V£ > 2e (2  Ig) L1
1 ♦ }  T *

Hence the mean square voltage out of the amplifier is

^V2>g
2e(i:ig)R 1

/
gU )

2 77 „ 1 + U>2 T .2

e(l'Ig) R { /
1

L O
i .  2~. 21 +  ix> T j

2 _  2 
^ T2

(1 + u>2T 22)2

e(S Ig) R1 77 T,
4(T j + T2 )̂

e ( 2 l g )  Rj*

(T1 + V

- 13-
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The spectra l  distribution of mean square fluctuation voltage depends upon electron and posit ive 
ion collection, which in turn  depend on the g as  used,  the gas p r e s s u r e ,  the neutron flux level ,  
applied voltage, and sy s te m  bandwidth. It is important  to recognize how variations in these  
p a ra m e te r s  affect r p e c t r a l  distribution and hence output signal. The spectra l  distribution V(s) 
is  the LaPlace t r an s fo rm  of v(t):

x
V(s) * J  v(t)e *st dt

o

An ion chamber pulse may be assumed of the shape

v(t) (^1 + te ^3*

where  uijt amd j*>t r e p r e s e n t  linear voltage r i s e  due to electron and posit ive ion collection, and 
e J'3t is the decay factor  of the system.

Thus V(s) (uJl + V  f l  “ .Jot “ S t I 1t e 3 e d t

(s + jJg)2

(*•*)■The spectra l  distribution thus depends upon e lec t ron  and positive ion collection times 
which in turn depend upon the applied voltage a c r o s s  the chamber. If we make the 
am pl i f ie r  r ise  and decay t im e s  /  — , —\  long compared to positive ion collection time out pulse

\ ^ 4  -°5 )
shape may be represented  as: '  '

v(t) e ‘ ^51 (1 - e _u;4t)

V(s) f  e _w5t ( 1 e " a;4t ) e " s t  dt

'  1
S + j J c

( 1 *
i +

S + uJjj

-  )

H ere ,  spectral dependence is independent of e lec t ron  and positive ion collection times and hence 
independent of applied voltage ac ross  the cham b er  and depends only on the system bandwidth.

- 14 -
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This spectral dependence has been demonstrated experimentally and the results are described in 
GEAP-4304, p. lb if. Essentially, however, for the 0. 5 - 13. 6 kc am plifier used throughout this 
study, the same shapes of saturation curves were obtained in the RMS voltage and d-c current 
modes of operation. Even for the worst bandwidths. the shape of the saturation curve is not 
severe and with a stable polarizing voltage supply, measurement e rro rs  are small.

For any chamber, it is desirable to define a sot of numbers such that by simple multiplication one 
can obtain the signals developed for any combination neutron flux, gamma dose rate, and noise, 
to ascertain whether other sources of signals are significant in comparison to that caused by the 
neutron flux. For the d-c mode of operation, this is done by three equations

0

y

three equations for the RMS voltage mode of operation.

/T

One point must be emphasized. For the RMS voltage mode, sensitivities depend on system band
width, i. e. , the bandwidth of the particular am plifier used. Gamma and thermal neutron sensi
tiv ities  are shown for a short, fully enriched chamber for various gases, gas pressures, and 
am plifier bandwidths and gains in Figure 2-3. System noise figures are also given. With these 
sets of numbers, the designer can ascertain the signals developed for any application.

Plots of RMS voltage vs. neutron flux are shown in Figures 2-4 through 2-10, These plots show
that depending on the cham ber, gas, gas pressure, and am plifier used, it is possible with an

fi 7 "in -core ion chamber to measure down to 10 -  10 nv operating in the RMS voltage mode. (On 
the basis of d-c sensitivities, it is apparent this is not possible in the d-c mode. ) The upper

i s0 0

i f s
V V

! b
r l

Analogously, we can define

V <v2 = s
0 0

V <v 2>
>'

VV 2 > VN

- 15-
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limit of these experiments was 6 x 10* * nv since this was the maximum thermal neutron flux at
tainable at NTR These chambers can go to higher fluxes if the ampliiier gain is reduced so that 
it is not saturated and the upper limit is limited only by saturation of the ion chamber. Ion
chambers of the type used with 1 atmosphere of argon can saturate below 200 volts up to a thermal

13neutron flux of 5 x 10 nv. A comparison between the low limit of neutron llux measurable with the 
same chamber using RMS voltage and d-c current measurements is shown in Figure 2-11.

For completeness it should be noted that higher power signals can be measured with a correspond
ing increase of gamma discrimination. These have not been investigated in detail during this 
study since greater gamma discrimination than can be achieved with mean square measurements 
is not required. Assuming that the amplifier determines the pulse shape i.e. . the rise time is 
determined by the circuit rather than charge collection in the chamber (which condition is easily 
met and which has been met with the 0 .5  • 13. 6 kc up to 2. 36 atmosphers of argon), the relative 
outputs of pulses A - 1 to A = N are represented for the d-c case by

where

N
w  ■ Ko 2 rA Qa

A= 1

w is average current

Ko i3 constant

rA is average rate of pulse A occurrence

*A is charge for pulse A

The mean square fluctuation voltage is

K1 -  r A < V
A I

The higher power signals can be shown to be (3)

W3 - 3' W2 > W + 2 • W 3 - K2 v rA QA3

W4> - 4^W3 ' W - 3 ' W2>2 + 12' W2>< V.'>2 - 6 W 4

-  K3 - rA « A 4

- 16-
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-W5> -  5- W4>- W > -  1(KW*>TV2>  + 2 0 ^W 3> < W ^

♦ 30 w M  W >- 60 W2X W 3> + 24^W>5

* K« s  r A « A 5

•>  I

It is noted that  if • W> - 0, > = K2 2  r ^

However, for  'W>= 0. the higher pow ers  do not simplify to simply Wn>.

RMS
Volt meter

Polarizing
VoltageSupply

Figure 2-2 D etec to r  - Amplifier Equivalent Circuit



RMS DC

Chamber

i

Gas P re ssu re BW (KC) Gain Oi v/^nv)
s>

(ji v/y^R/hr)
N

(mv)
S0

(a/nv) s>
r L* 

(700 F)

Short fully A 0.84 0.86 165 115 3.24 <10 5 4.16 x 10-17 1.83 x 10-14 109
A 0.84 0.5 - 52 90 3.24 <10 3

• A 0.84 0.5 - 13.6 72 2.75 <10 3
A 0.84 2.4 - 100 90 2.50 <10 2
A 0.84 15 - 220 75 1.00 <10 4
A 0.84 0.4 - 2.7 2 0.085 <10 0.7
A 1.34 0.5 - 52 90 5.75 <10 3 8.18 x 10~17 3.65 x 10-14 109
A 1.34 0.86 - 165 115 5.75 <10 5
A 1.34 0.5 - 13.6 72 4.5 <10 3
A 1.34 2.4 - 100 90 4.5 <10 2
A 1.34 15 - 220 75 1.88 <10 4
A 1.34 0.4 - 2.7 2 0.145 <10 0.7
A 2.36 0.5 - 52 90 7.5 <10 3 14.2 x 10-17 6.3 x 10"14 109
A 2.36 0.86 - 165 115 7.5 <10 5
A 2.36 0.5 - 13.6 72 6.25 <10 3
A 2.36 2.4 - 100 90 6.25 <10 2
A 2.36 15 - 2?0 75 2.75 <10 4
A 2.36 0.4 - 2.7 2 0.20 <10 0.7

H e 0.84 0.5 - 13.6 72 0.53 <10 9 0.87 x 10-17 0.89 x 10-14 109
H e 1.34 0.5 - 13.6 72 1.02 <10 9 1.67 x 1 0 '17 1.01 x 10-14 109
H e 2.36 0.5 - 13.6 72 1.88 <10 9 3.0 x 1 0 '17 1.42 x 10 *14 109

n 2 0.84 0.5 - 13.6 72 2.12 <10 9 3 x 1 0 '17 1.32 x 10-14 109

n 2 1.34 0.5 - 13.6 72 3.68 <10 9 6.18 x 10-17 2.55 x 10*14 109

n 2 2.36 0.5 - 13.6 72 5.30 <10 9 9.5 x 1CT17 4.77 x 10-14 109

*35 feet M/I cab le.

Figure 2-3 RMS and D-C Sensitivities fo r Short Fully E nriched Ion Chamber

G
E

A
P-4386



GEAP-4386

P 1 34, V.

.84, V

R M S
(VOLTS)

cr

Figure 2-4. RMS Voltage vs. Neutron Flux Short Fully Enriched Ion Chamber, 
Amplifier Bandwidth 0. 5 - 13. 6 KC, Gain of 72
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Figure 2-5. RMS Voltage vs. Neutron Flux Long Fully Enriched Ion Chamber. 
---------------- Bandw dth 0. 63 - 228 KC, Gain 100
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0.84 ATM

1.34 ATM

2.36 ATM

N IT k Q G f N

n r m r f0.001

6 x 10 6 x 10 6 x 10 6 x 10J J16S-20

Figure 2-6. RMS Voltage vs. Neutron Flux Long Fully Enriched Ion Chamber, 
Bandwidth 0. 63 - 228 KC, Gain 100
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10.0

0.01

0.001
6 x 106 6 X 10 6 X 10 6 x 10J 1169-21

i

Figure 2-7. RMS Voltage vs. Neutron Flux Short Fully Enriched Ion Chamber. 
Bandwidth 0. 63 - 228 KC, Gain 100
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10.0

UJ
O

al>

0.01

0.001

6 X 10 1169-22

Figure 2-8. HMS Voltage vs. Neutron Flux.Short Fully Enriched Ion Chamber. 
Bandwidth 0. 63 - 228 KC, Gain 100
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i

2.36. V,
1.34. V,

.84. V,

RMS
(VOLTS)

Figure 2-9. RMS Voltage vs Neutron Flux. Short Fully Enriched Ion Chamber 
with N2. Amplifier Bandwidth of 0. 5 - 13. 6 KC. Gain of 72

- 24 -



GEAP 4386

Figure  2-10. RMS Voltage vs Neutron Flux. Short Fully Enriched Ion Chamber 
with He. Amplifier Bandwidth 0. 5 - 13. 6 KC. Gain of 72
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Figure 2-11. RMS Voltage and DC Current Neutron Flux for Argon. 
P= 2. 36 ATM. in a Short Fully Enriched Chamber
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SECTION III

COUNTING WITH IN-CORE ION CHAMBERS

The RMS voltage mode of operation  can m easure neutron  fluxes down to the point wh-?rr  ̂ system
noise RMS voltage in te rfe res  with neutron caused RMS voltage. For the type of systems used.

6 7this beg ins to be a problem in the 10 - 10 nv region. In order to m easu re  lower neutron 
fluxes, the chambers must be operated in the counting mode.

The f i r s t  problem  with using in -co re  ion cham bers in the counting mode in large power re a c to rs  
is caused  by the distance req u ired  between the ion cham ber  and the p ream plif ie r .  Assuming a 
cham ber and cable assem bly not terminated in its  c h a ra c te r is t ic  im pedance, the pulse from a 
fission fragm ent at the am p lif ie r  input can be rep re se n te d  by

v(t)

With long cab les , C becomes large  and hence v(t) sm a ll .  The problem then is simply to maxi
mize qj and minimize C.

A num ber of calculations may prove useful to d e te rm in e  the maximum ch arg e  which can be deve l
oped by a fission fragment ionizing a gas. At f iss ion , two major fission fragm en ts  are  generated 
with m as t  probable energ ies of 97 and 65 mev. F o r  g a ses ,  the average energy  required to form  
an io i -e lec tro n  pair is 30 ev although it varies f ro m  22 ev for Kr to 41 ev for He. Assuming 
30 rv p e r  e lectron-ion pair  we can at most generate  3 .2  x 10^ ion-electron p a irs  (6. 1 > 10’ ** 
coulombs). This amounts to 0. 97 mv for the short fully enriched ion cham ber  with 7-foot AlgOg 
insulated  cable (6.3 x 10” *®*). Since most fission fragm en ts  will have lost some energy before 
en tering  the gas, the average pulse will be sm alle r .

The ran g e  of the two fission fragm en ts  in argon at 1 atm osphere p re s su re  is  1  6 cm for the light 
and 1 .9  cm  for the heavy or about 0. 26 cm and 0. 19 cm  at 10 a tm ospheres . The short fully en
riched ion chamber has a gap of 0. 05 cm and sensitive  length of 2 .5  cm. Hence there a re  some 
fission fragm ents  which do not expend all of the energy  available in ionizing the gas at JO a tm os
pheres. Fission fragm ents fo rm ed at the surface and traveling in a norm al direction from the 
cham ber wall do not form as many ion-electron p a i r s  as  is theoretically possible. Most fission 
f rag m e n ts ,  however, do fo rm  a s  many e lectron-ion  p a ir s  as is theore tically  possible at this 
p re s s u re .
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To m axim ize the e lectron-ion  pa ir  formation, a g a s  must be chosen with the lowest average 
energy to  ionize. As long a s  the fission fragm ents a r e  being totally stopped, it is not necessa ry  
to choose a gas on the basis  of specific ionization. T here  are considerable  d iscrepancies in the 
l i te ra tu re  on the average energy  to ionize values (w). Jesse  and S adausk is^  ’ ^  have shown that 
sm all im puritie s  in helium d ra s t ic a l ly  affect this value. They added 0. 13 percent argon to the 
purest heiium used and this changed w from 41.3 ev to 29. 7 ev. The r e s u l t s  of these experim ents  
are  shown in Figure 3-1. The reason for this can be explained by Figure 3-2. Argon has an 
ionization potential of 15. 7 ev compared to helium which has an ionization potential of 24. 5 ev 
and an excitation potential of 19. 77 ev. Hence the m ore efficient conversion of energy to ion- 
e lectron  p a irs  with argon p re sen t .  At best, of c o u rs e ,  in argon-helium m ix tures  is the conver
sion efficiency of pure argon. Hence, the best gas from  the point of view of the conversion of 
energy to charge, is the gas with the lowest w. T h ese  values are shown in Figure 3-2.

A second consideration re la tive  to choice of gas is  the recombination coefficient. Again there  
ex is ts  a  considerable number of d iscrepancies in the lite ra ture . The th eo re tic a l  model of Yaffe 
of ion-e lec tron  pa irs  formed columnly with a rad ial density given by a G aussian  distribution at 
time z e r o  which subsequently both diffuse and drift a c r o s s  an electric  field is  conceptually help- 
ful but do es  not perm it accu ra te  calculations to be made.

T race  im purit ie s  can significantly affect recom bination. iJltrapure noble g a se s  have been used
(3 4)at very high p re s su re s  with no recombination ' ’ ' .  Since the ion cham ber is  to be used in a 

reac to r  co re  for substantial p e rio d s  of tim e, fission g ases  will build up in the chamber. This 
will am ount almost totally to Xe and Kr buildup. However, since this effect cannot be analytically 
p redicted  with confidence, th is  approach will be pu rsued  only as  a last r e s o r t .

Facchini and M a lv ic in i^  have reported  the addition of Ng to argon reduces  recombination caused 
by t r a c e s  of oxygen. This is a ttributed  to the large attachment c ro ss  section  of oxygen at higher 
electron  energ ies  (i.e. , in pure  argon) and the lower c ro s s  section at lower e lectron energ ies 
(i. e. , in a mixture of argon and nitrogen) for the p a r t ic u la r  geometry and applied voltages in 
their cham ber. Ion and e lec tron  mobilities for v a rious  gases a re  shown in F igure  3-3.

Selection of pulse width for a p a r t icu la r  set of values fo r gas. gas p re s s u re ,  and applied voltage 
must a lso  be considered. H ere  some balance must be achieved between obtaining maximum pulse
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height ( i.e . . a pu lse  sufficiently long to co llec t all charges) and capability of fast counting (i.e . , 
a short pulse). The charge collection tim e  of course depends on the gas used, p re s s u re ,  applied 
voltage, and gap in the cham ber. M obilities of various gases a r e  given in F igure 3 -3  and from  
these collection t im e s  can be computed knowing the gap p re s s u re  and applied voltage.

Experim ents have been conducted u tilizing xenon, argon, neon, and krypton as fill g a s e s  at 
various p re s su re s  with an applied voltage of 275 volts and a pu lse  width of about 4 m icroseconds 
with a short, fully enriched ion cham ber. The block d iag ram  of the experim ent is shown in 
Figure 3-4. G ases a re  of the highest p u rity  available and no e ffo rt was made to fu r th e r  purify, f  

Before each experim en t the cham ber w as evacuated to less  than 30 m icrons and flushed at lea^t 
th ree  tim es with the gas tc  be used. D uring some experim ents considerably more flushing was 
required  to e lim ina te  oxygen and w ater vapor. Failure tc e lim in a te  these im puritie s  resu lted  
in obvious loss of pu lse  height. This is  shown by com paring the pulse spectra  of the sh o rt fully 
enriched ion ch am b er with 60 and 125 p sig  of argon properly flushed (F igures 3-5 and 3-6) to the 
spectra  at 60 ; nd 125 psig of argon im properly  flushed (F igu res  3-8 and 3-9).

Pulse height sp e c tra  versu s applied voltage a re  shown for the sh o rt fully enriched ion cham ber 
with argon at 5 p sig  (F igures 3-10 through 3-13), 10 psig (F ig u re s  3-14 through 3-17). 20 psig 
(F igures 3-18 through  3-21), 40 psig (F ig u re s  3-22 through 3 -2 6 ), 60 psig (F igu res 3-27 through 
3-31), and 125 psig  (F igures 3-32 through 3-37). Pulse height spectrum  changes w ith applied 
voltage a re  due to the pulse width chosen (about 4 m icroseconds). The positive ion collection 
tim e is considerably  longer than th is, and hence as voltage is  in c reased , more and m ore  positive 
ions can be co llec ted  during the 4 m icroseconds. At 125 psig  rec ombination o ffse ts th is  effect.
It should thus be rem em bered  that when the pulse is clipped off u lile the positive ions a re  being 
collected, that if the noise level is higher than some of the s m a lle r  neutron pu lses, that for a 
given d isc rim in a to r setting , count ra te  w ill depend on voltage. As long as the neu tron  pulses 
are  la rger than no ise  and the d isc rim in a to r is set below the neu tron  pulses, then sp e c tru m  shifts 
with applied voltage will not affect count ra te s .

Pulse spectra  changes with p ressu re  u sing  the short, fully en rich ed  ion cham bers a»-e shown tor 
argon (F igures 3-5 through 3-37), krypton (F igures 3-38 th rough  3-43), neon (F ig u re s  3-44 
through 3-50) and xenon (Figures 3-51 through 3-54). The sp ec tru m  shifts due to in c reased  
p ressu re  of c o u rse  a re  simply caused by the fact that a g re a te r  portion of the fission  fragm ent 
energy is expended in the gas at higher p re s s u re s  than at low er p re ssu re s . For m ost fragm ents 
at 10 a tm ospheres (126 psig), all of the energy is expended and increase  in p re s su re  w ill yield 
no g rea te r pulse height and indeed c h a rg e s  begin to recom bine resu lting  in a loss of pu lse  height

The conclusions can  be drawn that for th is  cham ber operating in a therm al neutron flux of 6. 38 > 
10 nv, that a ll th ese  gases provide good pulse spectrum s a t about 125 psig. At low er p re ssu re s  
the fission frag m e n ts  a re  not totally stopped, and at higher p re s s u re s  recom bination begins.
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The cham ber and cable capacity is  governed  chiefly by the cab le  from  the cham ber to  the pream 
plifier. The low est capacity cable fo r  u se  outside tht re a c to r  co re  found wad RG114 with 6. 5 pf/ft. 
Inside the c o re  ce ram ic  insulation is  req u ired  to protect ag a in st radiation dam age. The lowest 
capacity found w as quartz fiber with a  capacity  of 30 pf/ft.

g

!

A verage Energy to Ionize (W)

Gas R eference 1 R eference  2 R eference 3 Reference 4 Reference 5

He 41.3 ~  - 31. 7 30. 86 42. 7
He + 0.13% A 29. 7 -- - - - - --
Ne 36. 3 -- - - 36. 8
Ne + 0.12% A 26. 1 -- - - - - - -
A 26.4 26. 3 25. 9 26.25 26. 4
Kr 24. 1 ' - - - - 24. 1
Xe 21.9 -  - -  - .  • 21.9

Reference 1: 
Reference 2: 
Reference 3: 
Reference 4: 
Reference 5:

J e s s e  and Sadauskis, Phys. Rev. 88, 417
Sharpe, J. , Proc. Phys. Soc London A65, 859 (1952)
V alentine, J. M. and C u rran , S. C. , Ph il. Mag. 43, 964 (1952) 
H aeberli, Huber arid B oldinger, Heiv. n hys. Acta 25. 467 (1952) 
J e s s e  and Sadauskis, Phys. Rev. 90, 1120

Figure 3-1

Ionization and Excitation P o ten tia ls

G as E-e x c ite -ion ize  E/Ion P a ir  (W)

A 11.57 15. 7 26
Ne 16. 6 21 5 28
He 19. 77 24. 5 30
Kr 9. 98 13.94 22
Xe 8. 39 12.08 --

Sharpe, J. , N uclear Radiation D etectors, p. 58 (1958)

Figure 3-2
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ELECTRON ♦ POSITIVE ION MOBILITIES, 
VELOCITIES + COLLECTION TIMES

Gas
Me

2jCm , mm Hg  ̂
Volt ' Sec

Ve

( C'H)
Sec

le
sec \ VI ♦ i i +

n 2 0 . 5 8  x 1 0 6 1 . 5  > 1 0 6 3.  33  x  1 0 ‘ 8 0 . 9 8  > i o 3 2.6  > 103 1 . 9 2  > I O ' 5

He 0 . 6 5  x 1 0 6 1 . 7  * 1 0 6 2 . 9 4  x 1 0 * 8 7 . 6  x 1 0 3 19.  7 > 1 0 3 0.  24  * I O ' 5

A 0 . 31 x 106 0 .8  * 106 6 . 25 x  1 0 ' 8 1 . 0 4  > 103 2 .6  > 103 1 . 9 2  x i o * 5

« 2 0 . 58  x 106 1 . 5  a 1 0 6 3 . 3 3  x 1 0 ' 8 4.  30  x 1 0 3 1 1 . 2  > 1 0 3 0 . 4 4  • I O ' 5

° 2 1 . 1 5  x 1 0 6 3 . 0  a 106 1 . 6 7  > 1 0 ' 8 — —

Air 0 . 7 7  x 1 0 6 2 .0  x 106 2. 50  >  1 0 ' 8 1 . 0 7  x 1 0 3 2 .6  > 103 1 . 9 2  > 1 0  3

Ne 1 . 1 5  x 1 0 6 3 . 0  > 1 0 6 1 . 6 7  > 1 0 ' 8 —

_

—
____________

Assum e V - 100 volts, gap = 0 .05 cm, p = 1 ATM
r

Vf Taken from Am erican Institute of Physics Handbook, p 7-205 ff (1957). 

t„ Calculated from VD
C  I :  C

Mj (Except He) taken from Price, W. J . , Nuclear Radiation Detection, p. 69 (1958). 

Uj (He) taken from Sharpe. J. , Nuclear Radiation Detectors, p. 57 (1955).

V. , tj Calculated from u .

Figure 3-3.
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Source

Ion C ham ber

400 Channel P u lse  Height Analyzer

t
= — D>y[ll
Voltage ___
Pulse  -----
Am plifier

X Y R ecorder

Oscilloscope

G as Vacuum 
Pu mp

F igu re  3 -4 . Counting E xperim ents , Block D iagram

-3Z-



M||

GEAP-4386

.111*A • y / l  ( \ Z C L 7 Z )

Figure 3-5. Differential and Integral Bias Curves
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Figure 3-6. Differential and Integral Bias Curves
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Figure 8*7. Differential and Integral Bias Curves
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Figure 3-8. Differential and Integral Bias Curves
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Figure 3-9. Differential ar*d Integral Bias Curves
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Figure 3-10. Differential and Integral litas Curves
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Figure 3-11. Differential and Integral Bias Curves
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Figure 3-12. Differential and Integral Bias Curves
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Figure 3-13. Differential and Integral Bias Curves
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Figure 3-14. Differential and Integral Bias Curves
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Figure 3-15. Differential and Integral Bias Curves
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Figure 3-16. Differential and Integral Bias Curves
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Figure 3-17. Differential and Integral Bias Curves
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Figure 3-19. Differential and Integral Bias Curves
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Figure 3-20. Difterentlal and Integral Bias Curves
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Figure 3-21. Differential and Integral Bias Curves

If. 38

49



GEAP-4386

m /Vi

'o/J5 <7 ?  J /n / jA 'f /e r  O a f /w #

Figure 3-22. D ifferential anc*. In teg ra l Bias Curves
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Figure 3-23. Differential and Integral Bias Curves
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Figure 3-24. Differential and Integral Bias Curves
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Figure 3-25. Differential and Integral Bias Corves
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Figure 3-31. Differential and Integral Bias Curves
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Figure 3-32. Differential and Integral Bias Curves
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Figure 3-33. Differential and Integral Bias Curves
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Figure 3-34.. Differential and Integral Bias Curves
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Figure 3-41. Differential and Integral Bias Curves
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Figure 3-42. Differential and Integral Bias Curves
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Figure 3-43 D ifferential and In teg ra l B ias Curves
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Figure 3-44 Differential and Integral Bias Curves
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Figure 3-45 Differential and Integral Bias Curves
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Figure 3-47. Differential and Integral Bias Curves
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Figure 3-48 Differential and Integral B ias Curves
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Figure 3-50. Differential and Integral Bias Curves
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Figure 3-51. Differential and Integral Bias Curves
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Figure 3-52. Differential and Integral Bias Curves
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Figure 3-53. Differential and Integral Bias Curves
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