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I STATEMENT OF PROBLEM 

SECTION I - CABLE EXPERIMENTS 

In the course of experiaents to test pressure transducers for instantan-> 
sous radiation sensitivity in the KEWB reactor, large radiation-induced 
voltages (the order of a volt) were observed during transients of approx-
laately 500 Mw peak power. Maximua neutron fluxes involved were 5x10^^ 
n/ea^/eec* It was suspected that a part of this voltage was generated in 
the cable and the remainder in the pieaoelectrie transducer. To check 
this point, a series of tests on several types of cables alone, and on a 
bare wire pair was aade in and near the central exposure facility of the 
KEVTB reactor. Measureaent of cable insulation resistance during the rad­
iation bursts was aade in three oases. 

II. SPHMARY OF RESULTS 

Radiation-induced signals were detected in the following types of cables: 
Microdot (type 50-3804), MgO insulated HeOraw-Edison (for high teffloera* 
ture service), MgO insulated dual theraocouple leads, Ra-62/U, RQ-o/U, 
and Twinax (Belden 8227). Ordinary #22 gauge stranded hook-up wire was 
also found susceptible to radiation. These signals were the order of a 
few tenths to several volts peak across 1 aegoha at aaxiaua radiation in­
tensity. In some oases, the signals follow the reaetor power curve olose< 
lyp. as shown in Figure 1; in others they appear to be the sua of two op­
posing effects. In the hook-up wire tests an 8OO oha Shalleross wire-
wound resistor Joined the ends of the wires at the center of the exposurli 
facility. In this test the aaxiaua radiation-induced signal was 22*5 av. 

^ / c; 
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In additional experiaents to investigate the nature of radiation-
induced volta^ in cables, a 5 ft. length of RQ19/U cable was in­
serted into the center of the exposure facility. This is heavy 
cable with lA" solid copper center conductor and polyethylene 
insulation 0.33" thick. The shield is copper braid and the end 
of the center conductor was covered with polyethylene. In this 
test the fflaxiauB radiation-induced signal at the peak of a tran­
sient in KEWB was * 60 volts. This is the largest radiation-
induced voltage observed by us so far. A-90V. bias on this cable 
produced a relatively small effect (see Table I). 

Another experiment was with a concentric rod, 1/4" diameter, and 
cylinder 3/4" diameter, air insulated. When the center rod was 
copper, the cylinder was aluminum and vice versa. With a copper 
rod and an aluainua cylinder a * 1.6 volt signal was obtained. 
With the materials interchanged, a - 1.2 volt signal was obtained. 
The shapes of the curves obtained for signal versus time were some­
what different and the times of peak signal differed. 

In a test for loss of insulation resistance, a 9 volt bias was 
applied to one wire of a bare copper pair. During t^e peak of a 
transient the full 9 volts were seen at the oscilloscope input, 
which is a 1 megoha resistance, indicating a leakage resistance 
between the wires which is low compared to 1 megohm. The voltage 
observed with no bias occurs because of the grounded aluminum cen­
tral tube liner. A similar test indicated a 1.8 megohm leakage 
resistance for the Microdot cable and 0.28 megohm for the McGraw-
Edison cable. A portion of this could occur across the air gap at 
the end of the cable. The results of the cable tests are tabulated 
in Table I. 

Ill, METHOD. DESCRIPTION OF EQUIPMENT. SAMPLE CALCULATIONS 

The method used to detect the radiation-induced voltages was to 
observe directly the voltage output of the cables being tested 
using a Tektronix oscilloscope. In most cases, the end of the 
cable, placed at the center of the exposure facility or near the 
reactor, was left open. The exception was the hook-up wire cable 
which terminated in an 800 ohm wire-wound resistor and was con­
nected to a Kintel amplifier which was then connected to the 
oscilloscope. For the bare copper wire pair, two 1/8" copper rods 
were supported on porcelain insulators outside the reactor and the 
two rods were long enough to reach into the center of the reactor 
without additional support. 

The Tektronix oscilloscope was triggered externally by the output 
of a thyratron which was fired by a signal from the log N power 
channel #8 early during the rising portion of a KEWB transient. 
The thyratron could also be fired by manually applying an inde­
pendent triggering signal to check that no spurious voltages were 
being picked up by the cables. A sweep speed of 5 milliseconds 
per centiaeter was used in all cases. As Table I shows, the rad­
iation signals froa the cables are generally quite well synchron­
ized with reactor power. A portion of the thyratron signal is 

730-V- 45 O ^3 ^ 
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supplied to a galvanometer in the oscillograph used routinely to 
record reactor power. The signal obtained from hook-up wire (Fig­
ure 1) was compared with the power versus time curve for the trans­
ient and the two were found to agree very well. This is not the 
case for all cables, however, since the voltage appears to originate 
froa acre than one source. 

The transient conductivity of insulators under irradiation has been 
explained^ on the basis of carriers (electrons) produced in the in­
sulator by gaama rays and recoil protons. The carriers generated 
can exceed the normal concentration by many orders of magnitude. 
The mean trapping time for carriers is very short ("̂ 10"-̂ ^ sec) so 
that the equilibrium density at any instant is small. £ffacta can 
also be observed at the surface of metals.^ Excitation of electrons 
to energies greater than the work function can liberate them from 
the metal surface. This effect is the same as the photoelectric 
effect and can produce small voltages. 

Calculation of Leakage Resistance of Microdot Cable at Peak 
Reactor Power. _ 

9.1 V.\ 
A voltage of •*• 4.6 v is observed (see diagram) ' 
at the Tektronix. When there — 
is no bias, + 1.3 v is observed. 

•-'I'Pi 

4.6 

Ziil- 6 
3.3 V across 10 ohms 

X ohms 
leakage 

MICRODOT 
CABLE IN 
REACTOR 

10 ohms 

TEKTRONIX 

E 
R 

3.3 
1 0 ^ 

?'!-?• 

3.3x10' 

3.3 aicroamps drawn if there were no 
radiation voltage. 

5.8 

3.3x10 35 

X s 1.8 X 10 ohms leakage resistance of cable. 

SECTION II - RADIATION SUSCEPTIBILITY OF LINEAR POWER RECORDING 
SYSTEMS 

I. STATEMENT OF PROBLEM 

Currents caused by radiation effects in cables and electrometer 
preamplifier chassis could introduce errors in the reactor power 
data. Experimental observations of the response of these systems 
were made to determine the magnitude of their radiation sensitiv­
ity. 

II. SUMMARY OF RESULTS AND RECOMMENDATIONS 

The results show no observable radiation effects under the condi­
tions of present use. They indicate, however, that care aust be 

7io-v-45 0 / 3 9 
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used in the application of cables to avoid such effects. 

III. METHOD USED. DESCRIPTION OF EQUIPMENT. SAMPLE CALCULATIONS 

The reactor power is measured by four linear recording systems. 
Each system includes an ionization chamber and polarizing batter­
ies, an electrometer pre-amplifier, a galvanometer drive amplifier, 
a galvanometer, and interconnecting cables. The major difference 
between the systems is the relative neutron field strength at each 
ionization chamber. The four systems are gbuped in pairs to pro­
vide self-monitoring. The locations of the ionization chambers of 
the linear power systems in the reactor room are shown in Figure 2. 
During the radiation sensitivity tests on these systems, one pair 
(channels 24 and 26) was used, as it normally is, and the other 
pair (channels 4 and 6) was altered to detect radiation-induced 
responses in various components of its circuits. 

During the radiation sensitivity tests on various cables only 
those channels noted were altered. The other channels were con­
nected as in normal use. The area enclosed by the dotted line in 
Figure 2 was used for the tests, which are summarized in Table II. 
Unless otherwise noted, the cables used are type RG-62/U fitted 
with BNC connectors. 

The radiation induced cable current necessary to produce a 0.06 
inch galvanometer deflection in channel 6 during transient #SPH79 
may be calculated as follows: 

_ D S R 
I = g S g 

R Q G. 
r p d, 

where 

Dg is the galvanometer deflection, 

S is the galvanometer sensitivity expressed in amperes per 
^ inch deflection (0.01 amperes per 1 inch). 

R is the galvanometer circuit resistance (1000 ohms). 

R is the electrometer preamp range resistor value. 
r 
G is the preamp voltage gain (0.9). 
G. is the galvanometer driver amplifier voltage gain. 

Taking the values of Dg, Rj.! and Gd from Table II, we find that 
the current produced in the three foot length of Microdot cable 
was 

0.06 X .01 X 1000 
I = — g 

10 X 0.9 X 20 

^/-S 

-8 
3.3 X 10 amperes 

730-V- 45 
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Since the same current would produce the 0.3 inch deflection in 
channel 6 during transient #8o it can be concluded that the cur­
rent was again generated in the Microdot cable since it reraained 
constant and the input cable length and the location of the elect* 
remoter were changed. 
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TABLE I 

RADIATION EFFECTS EXPERIMENTS ON CABLES IN KEWB 

Cable 
Description 

RG 19/U 
RG 19/U 
RO 19/U 
TWINAX:Cu wire 

Tinned, wire 
Hook-up wire 
Hook-up wire 
Bare Cu wires 
Bare Cu wires 
Bare Cu wires 
Microdot 50-38o4 
Microdot 50-3804 
Microdot 50-3804 
Microdot 50-3804 
NcGraw-Edison 
McGraw-Edison 
McGraw-Edison 
RG 62/U 

* Across 91x: 
•• with 800 ol 

••* Presence o" 
facility gt 

1 < 

Time -
(Scope 
trigger 
to peak 
radia­
tion 
Signal) 

19.0 ms 
18.5 
16.3 
16.0 
16.0 
18.5 
20.5 
25 
24 
16.5 
24 
23 
15 
25.5 
21 
20 
21 
17.5 

LO-̂  ohm r< 
IB wire-w( 
f grounde( 
»ve this 4 

0/5̂  

Time -
(Scope 
Trigger 
to Peak ' 
Reactor 
Power) 

20.0 ms 
18.0 
17.9 
17.3 
17.3 
17.7 
20.9 
22.0 
20.6 
20.6 
22.0 
20.6 
20.6 
23.8 
22 
20.6 
23.8 
14.0 

9sistanoe 
3und resisi 
1 aluminum 
jffect 

7 

Reactor 
Peak 
Power 

360 Mw 
362 
363 
362 
362 
365 
432 
525 
560 
532 
525 
560 
532 

1 515 
525 
532 

i 513 
596 

\ 

bance on < 
liner in 

Picture No. 
and Date 

7A 3-2-59 
2A 3-2-59 
4A 3-2-59 
4B 2-26-59 
4B 2-26-59 
8B 2-26-59 
1 10-3-58 
4A 10-20-58 
2A 10-21-58 
3A 10-21-58 
4A 10-20-58 
2A 10-21-58 
3A 10-21-58 
4A 10-21-58 
4B 10-20-58 
3B 10-21-58 
4B 10-21-58 
3 10-30-58 

and 
central expoi 

Bias 

none 
-90v 
none 
none 
none 
none 
none 
none 
•9.IV 
-9.lv 
none 
•9.IV 
-9.lv 
none 
none 
none 
•9.IV 
none 

»ure 

Radiation 
Signal 

(Maximum) 

• 60 V 
• 53 V 
• 8.0V* 
-1.3t+0.3v 
-1.3.+0.1V 
•3.6 V 
•22.5 av** 
•1.3V*** 
•10.2 V 
-7.2 V 
•1.3 V 
•4.6 V 
-2.9 V 
•1.5 V 
•0.6 V 
•0.65 V 
•7.7 V 
•4 V 

730-V- 45 
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SPH 76 

SPH 77 

SPH 78 

SPH 79 

SPH 80 
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TABLE II 

CIRCUIT DATA 

Channel 
No. 

• e i 

4 

6 

4 

6 

24 

24 

6 

6 

• • " - • • -

Range 
Resistor 

10 ohms 

10^ ohms 

10^ ohms 

10^ ohas 

— 

10« 

5x10^ 

^<15 -^ 

r — - - • - •-'• 

Connection 
Notes 

Battery disconnected 
from ion chaaber 

Battery disconnected 
from ion chamber 

Signal cable between 
electrometer and ion­
ization chaaber was 
disconnected at ioniz­
ation chamber (both 
channels) 

Signal cable between 
electroaeter and ion­
ization chamber waa 
disconnected at ioniz­
ation chaaber (both 
channels) 

Signal cable between 
electroaeter and drivei 
amplifier was discon­
nected from electro­
meter and placed on 
the reactor room floor 
3 ft. away from and 
parallel to the north 
face of the secondary 
inclosure. 

Same as SPH 78 

a 3 ft. length of Mic­
rodot cable was placed 
near the reactor. It 
was connected to the 
input of the electro­
meter by aeans of 1 ft 
length of RQ-62/U cabl< 

Driver 
Aaplifier 

Gain 

20 

20 

20 

20 

20 
1 

20 

t 

a 3 ft length of Micro­
dot cable was connected 
to the electroaeter input 
by DiAmnB of ^n 8 ft. loufl 
RG-62/U cable 

20 

20 

Observed 
Effect 1 

No Signal 

No Signal 

No Signal 

No Signal 

1.5" nega­
tive de­
flection 

Same 

0.06 inch 
[ positive 
1 deflection 

0.3 inch 
positive 
deflection 1 
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Cadmium Shields 

Water Shields 

FIGURE 2 Reactor Room Floor Plan 
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