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EXAMINATION RESULTS
OF THE THREE MILE ISLAND RADIATION DETECTOR HP-R-212

GEOFFREY M. MUELLER
ELECTRONIC DEVELOPMENT DIVISION, 2341

SANDIA NATIONAL LABORATORIES
ALBUQUERQUE, NEW MEXICO 87185

ABSTRACT

Area radiation detector HP-R-212 was removed from the Three
Mile Island containment building on November 13, 1981. The
detector apparently started to fail during November 1979 and
by the first part of December 1979 the detector readings had
degraded from 1 R/hr to 20 mR/hr. This report discusses the
cause of failure, detector radiation measurement characteris-
tics, and our estimates of the total gamma radiation dose
received by the detector electronics.

Prepared for the
U. S. Department of Energy
Three Mile Island Operations Office
under DOE ALO B&R No. AG-35-30-10
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INTRODIJCTION AND SUMMARY FINDINGS

This report summarizes the results of our examination -of Three
Mile Island unit 2 (TMI-2) radiation detector HP-R-212. This
report discusses the cause of failure and gives an estimate of
the total gamma radiation dose received by the detector elec-
tronics. What is not covered here, but will be covered in a
later report, is this detector's response to very high radi-
ation levels where its output becomes multivalued.l "This
examination is a part of the on-going TMI-2 Instrumentation and
Electrical Equipment Examination Program.

A. Background

On November 13, 1981 the third area radiation detector
(HP-R-212) was removed from the Three Mile Island Unit-2
containment building for examination and laboratory test-
ing. This area radiation detector was located in the
Equipment Hatch area at the 305-foot level. The detector
is a gamma radiation monitor manufactured by Victoreen
(Mode. 857-2) and employs a Geiger-Mueller (GM) tube to
detect events. It is of the same design as radiation
detectors iP-R-211 and HP-R-213, which were analyzed
earlier.l/2 HP-R-212 was not powered up during the
accident; however, it was powered up 92 days after the
accident and worked for 5 months. Electrical measurements
were made on the instrument from the TMI-2 control room by
Metropolitan_Edison Company (Met Ed.) and Technology for Energy,

Inc. (TEC).3 The detector was delivered to Sandia National
Laboratories on January 26, 1982 for electrical examination.

B. Findings and Recommendations

1. The stripchart recording of HP-R-212 indicates that the
detector was functional when it was turned on and work-
ed for five months. At that time the output of the
detector dropped from the nearly 1 R/hr reading to
20 mR/hr (Figure 1). Examination of the detector show-
ed the failure to be a GM tube that had apparently used
up the quench gas and was in continuous discharge.

This design of detector is not capable of driving 366
meters (1200 feet) of cable at a frequency of 40 KHz.
Therefore, when the GM tube went into continuous dis-
charge, the output did not go to a reading of 10 R/hr
as it should have, but read 20 mR/hr. If this detector
is expected to work into "long" cable lengths and give
the proper output readings at the ratemeter for this
type of failure, I 1recommend that the output drive
circuit in the detector and the input circuit for the
ratemeter log pump circuit be redesigned.



II.

III.

Iv.

2. A new GM tube from our test detector was placed in the
HP-R-212 detector circuit. The detector then function-
ed normally when exposed to gamma radiation up to 20
R/hr.

3. We estimate the total gamma radiation dose accumulated
by this detector to be approximately 4.5 x 105 rads.

DESCRIPTION

HP-R-212 (SN 340) is one of six containment building area
radiation monitors. It was mounted near the Equipment

- Hatch at the 305-foot elevation. The detector was connected

to itc ratemetar readout elactronice module in the TMI=2
control room through about 364 meters (1,260 feet) of inatru-
mentation cable. The wiring diagram for HP-R-212 is shown in
Figure 2.

MECHANICAL EXAMINATION

The detector outside case showed the same pitting and cor-
rosion around the connector as was seen in HP-R-211 and
HP-R-213 (Figure 3 through Figure 6); however, this could be
expected when the environment it was exposed to is
considered. The O-Ring seal did a fair job of sealing the
canister (Figqure 7).Swipes taken on the inside of the canister
indicate that ony a small amount of radioative materials had
leaked in to contaminate the printed wiring assembly. A
microscopic examination of the printed wiring assembly showed
it to be free of foreign material except for some solder flux
around most of the solder joints (Figure 8 and Figqure 9),
apparently residual from the manufacturing operation.

ELECTRICAL EXAMINATION

Several electrical parameters were measured in an attempt to
determine the failure mode of the detector. For comparison,
data were also taken on a test detector (Victoreen SN 673),
which is the same model as HP-R-212. Table 1 lists the
unpowered resistance measurements taken at sandia and TMI.
The probable differences in the readings are those due to
differences in the ohmmeters used. These readings are all
normal readings.



TABLE 1. UNPOWERED 212 MEASUREMENTS ‘

OHMETER POLARITY/ RESISTANCE
LINE TO LINE MEAS. (OHMS )
¥ - 212 at M1 212 at SANDIA |TEST DETECTOR
+10V GND 7.70K 6.55K 6.40K
GND +10V 15.2K 12.85K 11.67K
+10v SIG 8.70K 8.54K 7.95K
SIG +10V 7.10K 6.19K 5.59K
GND SIG 9.94K 9.23K 8.44K
SIG GND , 7.40K 7.06K 6.98K
+600V GND OPEN OPEN OPEN
GND | +600V OPEN OPEN OPEN
cs1 cs2 38.0 28.3 24.2
cs2 cs1 40.0 28.3 24.2

For the powered measurements, a standard Victoreen Model No.
856-20 ratemeter was used to supply power and process the
detector signal output. Table 2 shows the DC voltages and meter
reading obtained when HP-R-212 was initially powered. Again,
the TMI and test detector data are included for comparison.

TABLE 2. POWERED 212 MEASUREMENTS (DC)

QUANTLITY MEASURED MEASUREMENT
212 at TMI 212 at SANDIA [TEST DETECTOR
+10v (v) 10.1 10.03 10.06
SIG. (v) 4.3 4.11 0.07/10.0
+600V (v) 469.0 528.8 599, 1
+22v (v) 19.1 20.6 21.1
cs 1 (ma) 1.80 2.44 2.55
MTR (mR/H) 45 110 0.15
REC (mv) --- 5.94 0.35

The voltages measured for the signal and the +600-volt supply
were not as they should have been in a properly operating
detector. The signal voltage should have had a square wave-
shape, with an amplitude of 0 volts to 10 volts. The switch-
ing rate of this voltage should have been very slow (1 Hz). The
signal line was observed to be a 40 kHz triangle waveshape.
These measurements were made with 366 meters (1,200 feet) of
RG58 coaxial cable between the detector and the ratemeter
(simulating the TMI-2 cable length). The +600-volt supply was
measured low, indicating that the GM tube was in continuous
discharge, drawing a higher current than normal, and pulling the
+600-volt supply down.
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These measurements were all made through the detector con-
nector without opening the detector. The detector was even-
tually opened, and node voltages were measured. These DC node
voltages are shown on a schematic of the detector in Figure
10. Since the detector's output was switching, some of the
voltages are the average of the signal at the measured nodes.
These voltages are circled. The GM tube was found to be in
continuous discharge. The faulty GM tube was removed and
replaced with a good GM tube. The DC node voltages were then
recorded with the new GM tube and are shown in Figure 1l. The
detector was then exposed to 60Co at the Sandia.Vertical
Range Facility. The detector output reading versus input

Co source level is shown in Figure 12. The detector oper-
ates properly over its normal 0.1 mR/hr to 10 R/hr range. The
error in radiation measurement is caused by not calibrating
‘this detector (GM tube) with the ratemeter. The anti-jam
circuit was activated at an input level of 32 R/hr.

The detector was exposed to radiation levels as high as

600 R/hr. With a short piece of coaxial cable in the signal
line between the detector and the ratemeter the system func-
tioned normally. When the 366 meters (1,200 feet) of cable
was placed in the signal line, the system functioned normally
up to 10 R/hr. At higher levels (up to 600 R/hr) the output
dropped off to read 3 to 4 R/hr. A short was placed across
the GM tube representing a failed GM tube in continuous dis-
charge. The output then dropped to 40 mR/hr. It did not
matter whether the detector was exposed to radiation or not,
the output read 40 mR/hr. This phenomenon was found to be
caused by the inability of the output circuit of the detector
to drive the 366 meters (1,200 feet) of RG58 coaxial cable
with a 40 kHz (anti-jam generated) squarewave. The signal was
a degenerated triangle wave shape no longer going from 0 to 10
volts. This would then give a lower than 10 R/hr reading on
the meter. This phenomenom will be discussed in more detail
in another report. Appendix A shows the sequence of events
performed in troubleshooting the detector. 4

GM TUBE ANALYSIS

The GM tube used in the Victoreen Model 857-2 Detector is an

Amperex GM tube, Model 18509. Appendix B contains a pamphlet
on "General Operating Recommendations Geiger-Mueller Tubes,"

and a data sheet for the Amperex type 18509 GM tube.

The GM tube is used in the Detector as recommended, and is
operated within the specified limitations. When the GM tube
is ionized a pulse appears at the base of Q1 (Figure 11),
which in turn causes the Flip-Flop (Q4 and Q5) to change
state. Each time the tube is ionized the Flip-Flop changes
state. This produces an output frequency at the output (Q6
and Q7) that is one-half that of the GM tube ionization
frequency.



The upper range of this GM tube is specified at 300 R/hr,
while the detector it is used in operates up to 10 R/hr.
When the exposure rate exceeds 10 R/hr the anti-jam circuit
(Q2 and Q3) cuts in and causes the F11p Flop circuit to
oscillate at 40 KHz.

When a GM tube fails due to ageing, it has used up the quench
gas in the tube. The tube then goes into a condition called
continuous discharge. Once the GM tube is ionized, it stays
on and doesn't turn off. When this occurs in the detector, it
activates the anti-jam circuitry, causing the Flip-Flop cir-
cuit to oscillate at 40 kHz.

With a long enough exposure to radiation, a GM tube will come
to the end of its 1life and go into continuous discharge. How-
ever, in this application (HP-R-212) the detector output cir-
cuit could nct drive 366 meters (1200 feet) of RG-58, 50-ohm
coaxial cable, at a frequency of 40 KHz. The resultant
waveshape was a degraded signal that produced a 45 mR/hr
reading at TMI-2,

The GM tube that was in HP-R-212 was in continuous discharge
when received. It was noted, however, that when power was
first applied to the detector, the GM tube would function
normally for about fifteen seconds before going into continu-
ous discharge. This is a normal condition for a GM tube that
has used up its quench gas.

The GM tube was powered on for appoximately 3,700 hours at an
average radiation level of 900 mR/hr. The graph of the typi-
cal count rate as a function of dose rate in Appendix B
indicates that for 900 mR/hr the count rate is approximately
1.7 x 103c0unts/second. For the total time of 3,700 hours

of exposure, this yields a total number of counts on the GM
tube to be 2.26 x 1010, The average total counts for a GM
tube to fail is 5 x 1010 counts. This shows that the GM

tube was approaching the average total counts for a GM tube
when it failed.

We obtained some new GM tubes from Amperex, and set up a GM
tube ageing experiment. Two GM tubes were continuously
exposed to a radiation level of 100 R/hr. One GM tube was
powered up normally and cne GM tube was unpowered for a com-
parison. A biased GM tube in a radiation field loses some of
its quench gas due to chemical reactions inside the tube as
ionizations occur. In an unpowered GM tube these chemical
reactions do not occur as readily. As a Gii tube approaches
the end of its life, the detector output would start reading a
higher level output than is true, since there isn't enough
quench gas left to "quench" the ionization of the gas in the
tube.6,7,8,

At the termination of the experiment the GM tube had been

11
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exposed to 100 R/*r for 2,040 hours. This was a total dose of
2.04 x 10° R and the total counts/second calculates to be
22.5 x 1010 counts. The powered tube had not shown any :
signs of decaying at the termination of the experiment. This
was a total number of counts that was 4.5 times higher than
the expected total life counts. The unpowered tube, as ex-
pected, showed no signs of degradation either.

With this GM tube working so much longer than the average, it
leads me to believe that the GM tube that Ta11ed in 4P-R-212
was a weak or aged tube.

TOTAL GAMMA DOSE

A1l of the transistors were functional when the electronic
circuit was examined. The trarnsistors were removed from the
circuit and analyzed. The transistor current gain (HFE or
BETA) degradation of these transistors, as compared to new
nonradiated transistor samples, is shown in Table 3, along
with the manufacturer of each transistor removed from the
printed circuit board.

"TABLE 3. TRANSISTOR BETA'S

HFE OF SIMILAR
TYPE DEVICES MANUFACTURER AND TYPE| HFE POST-RAD
PRE -RAD
80 Q! FAIRCHILD 2N3903 NPN 12.1
185 Q2 MOTOROLA 2N3906 PNP 82.0
250 Q3 FAIRCHILD 2N3565 NPN 46.1
80 Q4 FAIRCHILD 2N3903 NPN| -~ 30.5
80 Q5 FAIRCHILD 2N3903 NPN 12.8
185 Q6 MOTOROLA 2N3906 PNP 103.1
140 Q7 FAIRCHILD 2N3904 NPN 37.9

The transistor curves shown in Appendix B are the curves
generated for the same transistor types used in HP-R-211. 1
The HFE values recorded in Table 3 are drawn on the curves
shown in Appendix B. The total dose for each of the trans-
istor types is summarized in Table 4. The annealing and
biasing factors are also accounted for in Table 4.




TABLZ 4. TRANSISTOR TOTAL DOSE

HFE RANGE (RADS)
TRANSISTOR TYZE MIN AVE MAX

2N3565...03 rsc (HFE=46.1)

FSC (1G ea) 1.70E5 14.00E5 60.00ES
NAT (10 ea) e 5.80ES5 11.00E5 25.D0OES
: 3.75E5 TZ.SO0ES 472.50t5
x 1.6 (Annealing Factor) 6.00ES 20.00ES 68.00ES
+ 3.0 (Biasing Factor) 2.00ES 6.67E5 22.67E5
2390407 FSC (WFE=37.9) '
FSC (10 ea) 0.70ES 1.30E5 2.40E5
NAT (10 ea! 2.90E5 3.80E5 4.40ES5
T.20t5 Z.55E5 3.30E5
x 1.6 (Annealing Factor) 1.92E5 = 4.08E5 5.44E5
+ 3.0 (Biasing Factor) 0.64E5 1.36E5 1.81E5
2N3906... 02 MOT(HFE= 82.0), Q6 MOT (HFE=103.1), (HFE AVE=92.5)
FSC (5 ea) 0.34E5 0.44E5 1.0EES
NAT (10 ea) 1.20E5 6.20E5 13.00ES
T1 10 ea 0.46E5 0.95E5 1.80E5
0.57%5 2.53E% 5.28E5
x 1.6 (Annealing Factor) 1.07E5 4.05ES 8.45E5
x 1.7 (Biasing Factor) 1.81E5 6.88ES 14.37E5

2N3903...Q1 (HFE=12.1), Q4 (HFE=30.5), Q5 {iIFE=12.8)
(AVE HFE=18.5), ALL FSC

FSC (2 ea) 1.50E5 4.70E5 11.50E5
NAT (10 ea) 3.70€E5 7.50E5 9.80E5
GE (10 ea) 3.70E5 5.60E5 7.40E5

Z2.97E% 5.93E5 9.57E5
x 1.6 (Annealing Factor) 4,75E5 9.49E5 15.31E5
+ 3.0 (Biasing Factor) 1.58E5 3.16E5 5.10E5

OVERALL AVERAGE
TOTAL DOSE 1.51E5 4.52E5 10.99E5

From Table 4 the total dose was calculated to be approximately
4.5 x 10° Rads. This is the main indicator of the total dose
that the detector received (a period of 961 days from March 28,
1979 to November 13, 1981) while it was in the containment build-
ing.
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FIGURE 1.

HP—R—-212 STRIPCHART
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HOURS SINCE MARCH 28

HP-R-212 STRIPCHART. This record shows that the detector
was turned on June 28, 1979, 2208 hours after the March 28,
1979 incident. The output level started at 1 R/hr and
decayed to about 700 mR/hr, 154 days later. At this time the
GM tube failed and the reading dropped to 20 mR/hr.




ST

CONTAINMENT

1729951 1729941 1T18701
255" 432! 477
CHECK SOURCE T 10-1 1
CHECK SOURCE g g 8 10-2 2 '::_: g':'
+10V 2 10-8 8 J S
GND 10 10 G 10-10 10 T81-3  +10v
+600V 12 12 - - TB1-2 - GND.
SIGNAL 3-58 3-58 z . E&==8msi-1 +s00v
3-59 3-59 7 iEE‘E&‘E:;&?—-Taz-lz S1G,
HP-R-212 ;! 1 i
og;;E;on TNNER TOUTER z Z z 182-11 s16.6
PENETRATION Y. ¢
RS07 g4 1
TB1 AC
LINE 25 —1TB2-1
] | NEUT }=—] TB2-2
S GND f<t—f TB2-3
78501
i REMOTE
METER
1 -4 - ) 2 - 4
HI NC :g_g 28 28 :g_; :g_: : 817 W1 N
ALERT NC 29 9 TB2-7 ALERT M
10-11 10-11 =T 10-11 11
ALERT ALARM 30 30 K38
Lo-12 |, 10-12 2 10-12 12 %35
Hi ALARM To-13 P} i IETET 3 10-13 3
SILENCE To-15 B2 2 To-16 5 T 0 TB82-4 SIL.
NEUT. 3 33 T82-2  NEUT.
T83
INNER | OUTER j TB110
EMOTE ALARM REMOTE ALARM/ CONTROL READOUT MODULI
858~1 R506 METER 858-3 PANEL 8§56~
Y Y $12
1T2998C 1T2997¢C 1T2996C
245" 5opt 473"
FIGURE 2, HP-R-212 WIRING DIAGRAM
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FIGURE 3.

FIGURE 4.

HP-R-212 DETECTOR, SIDE VIEW

HP-R-212 DETECTOR,

DIAGONAL

VIEW



FIGURE 5. HP-R-212 DETECTOR, CONNECTOR VIEW

FIGURE 6. HP-R-212 DETECTOR, CANISTER OPENED



FIGURE 7. HP-R-212 DETECTOR, INSIDE BULKHEAD WITH
"o" RING

FIGURE 8. HP-212 DETECTOR, P.C. BOARD COMPONENT SIDE
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READOUT mR/hr

FIGURE 12.

60Co SOURCE mR/hr

REPAIRED HP-R-212 DETECTOR RESPONSE
WITH A REPLACED GM TUBE




APPENDIX B

SECTION 1

GENERAL OPERATIONAL RECOMMENDATIONS
GEIGER-MUELLER TUBES

SECTION 2
GEIGER-MUELLER TUBE
TYPE 18509
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GENERAL
GM. TUBES

GENERAL OPERATIONAL RECOMMENDATIONS

GEIGER-MULLER TUBES
Where aporopriate, the tenm; used 10 the foilowi i 1ECS0-531, 1EC100,
IECIE1-25.
1. GENERAL

13

14
15

an

32

33

34

35

36

Gegm Muller radistion counte tubm (G.M. tuhas) are intendad to detsc) aiphs particles,

beta particles, garmvna or X-rg listion.

A G.M. tube is 8 gm-fillad device which reacts to indivi onizing eventy, thus ing them

10 bo counted. -

A G.M. tube consists basically of an 8 positive ial (orde) ded by &

metal cylinder at a negative patential (cathode). The cathade forms part of the swelape or is
inaglas i2ing event: are ini by Quanta or particies entering the be

sither through the window o through the cathode and colliding with the gas molecules.

The gue filling consists of a mixture of one or mare rare gases end & Quenching sgent.

Ousnching is the process of terminating a pulse ionizing curment in a G.M. twbe. Optimum

quenching in our tubes is obtained by the quenching gases used in cONNCKoN with the

recommended anode resistor.

The capacitance of 8 G.M. tube is that be snode end cathode, ignoring the
effects of external connections. .

OPERATING CHARACTERISTICS

Starting voltage

This is the lowest voitage applisd 10 a G.M. tube at which pulsss of 1 V amplitude [peasr acras
the tube. See fig.1.

[ ")

This is the saction of the counting rate veraus voitage ch 0 (with irradiatian),
over which the counting raie is substantially indspendmnt of the sppiied voltags. Uniess other:
wish stated, the piateau is ata ing raw of i dy 100 count/s.

Mam Nrahold voltage

This is the lowest voitage applied which correipans 1o the start of the plataau for the statsd
sensitivity of the measuring circuit. See fig.1.

Platesu length

This is the rangs of applied voltage over which the pist su extsnds. See fig.1.

Puram slope

This is the changn in counting rate over the platsau length, expremad in % per voiL. See fig. 1.
Recomewsrciud supply voltage

This is the supply voltage at which the G.M. tube sho.id praferably be used. This voltage is

normally chasen to be in the middie of the pistemu. See fig.1.
\ | February 1080
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GENERAL
GENERAL Geoger-Miller tubse GM. TUBES !
GM. TUBES :
+
5
QPERATING CHARACTERISTICS {continued) : ) HE“U_.:':‘::::CU"‘
17  Backwound i 1 V0l
This is the Counting rata in tha sbeencs of the radistion which the G.M. wbe is intsrded 10 _L stray
. " Lt] (1] T capacitance L
meeture. t<1pF) ’
. ]
389  Oeaditime ! i ——a
This is the time intarval. after 1he initiation of X ” gine normal Mise, duting : .
which tha G.M. tube is inasnditive 10 further ionizing events. See fig.4.
sutput
R2
5 paten -
3 | > ool voitege i Fig2
| :;1-1\0 ' plattau — Notes:
1age . .
| seu siope 1. Thainput resi and capacitence of the ing e by A2
| -= and C2 respactivety.
| l 2. R1isspecified by the manufecturm and should be maunted 8s nesr & Panibide 1o the
I | | anade connector.
| I 3. When applying a rectanguler puise st 1 with the tubs inesied but short-Gireuited, C2
| hould be acus1ed 10 give an undittortad pulss 8t 3. Under thes: candstiors R1 x (C1
| | | + suray capacitance) = R2 x C2.
| | 4. The mssauring equipment consists of sn emitier foliower with 8 Pulse shaper, a limiting
| amplifier and a scaler. Uniess otherwise stated, the tube is Meamured with the circuit Jven
| 1 in the data, with a 80Co source and at the reaTvrerai wpply voltages (mid-plsteau).
onen wpply volume

Figl

4.2 Massuring cinuit B

\ R

-
:
cabie
capacitance # r2
1= 60pF)
i

* v
T
+Vaupply
Figd
Note: The vatue of the anode resistor Ry thould Nat be | than that mecified under LIMITING

4
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GENERAL
GENERAL _—
GM. TUBES JL Ol b JL GM. Tuees
G5  Msximum counting e
-8 NOTES . . . . .
5.1  Ramiution tms (of a counting system) ) 2:..:'” itis Srded ;n the i ‘r,:u"h- u ”’:’.m he Iu:da:n
This 18 the minimum time interval betwsen tw0 distinct I0NiZing events which enabies both (0 be of the . unting rate/doss rate Curve.
counted. 56  Oead tim lomes

52

L %)

5.4

Recwwy time o
This 13 the minimum L:Me interval DEwesn the initiation of  normal size puise ond the initistion

of the next pulse of normal size. S0 fig.4.

Nulm enplinxds
The putse emplitude of 8 G M. tube Mav he snnrosimated by the SquUetion:

P (Veyppiy = Vetarung i

where P = pulse smplitude
Viupply ® 8nods supply voitage

Vitarting = $1arting voltage
R2 . .
be (Sne mamuring circuit)
Ay + A2
The 139 on the 108d restor mini the infi ofa itive laad.

a specitc psrcentags
of the manimum
muwmum signal detected
by circut

amplitude

\ [ SO
] I
] I 1
) { i
: - i -':""'
! I tims
- nsetime
le—odead uime =
l—-— resolving ime — &
-——— recovary ime - =T " Ol
Fig.4

Anode resistor

Normaliy the tube should be operated with an ¢ 0de resistor of the vaiue indicated in the
measuring circuit, or higher. Decreating the vaiue af the anode resistor not onlv decreases the
dead ume but also the plateau length. A decrease in resistance below the timiting value may
aftect tube life and ead 10 13 early destruction.

The anode resistor should be connacted direct to the anode connector of _:r)c tube to ensure
that parasitic capacitances of lasds will not inCrease 100 greatly the capacitive [0ad on the tube.
An nCreass in itive 1oad has the 10 increase the pulve amplitude, the pulse
duration, the dead time, and the plateau siope. In addition the plateau length will be shortended
appreciably Shunt capacitances of more than 20 pF may destroy the tube.

57

58

510

Aftes every puise, the tbe is temporarily insensitive during a period known as the dead time (r)

Commguently, the pulsss that occur during this period are nat countad. At ¢ counting rate of

N count/s the tube will be desd during 100 x N x ¢% of the time, 50 that spprasimasly 100 x N

2 7% of the countr will be lost.

1, in an experiment, the inaccurecy must be < 1%, N should be lem then 1/100r acunt/s.

:&MI:J"' 20 4, 60 Inasourscy of 1% is reachad at ¢ countng rate of @ereaimmaty
counts.

Sackground

See definition under 3.7. The mast i aate of backy ore:

1. Gamme radiation from the snd from cawmc radiation.

2. Mesons from cosmic radistion.

3. Bste particies fiom ination and impuritias of the from which tha detector
itself is made.

4. Spomsnanss discharge or pulses in the detector end the counting circuit thet do not ariginete
from radistion.

From publishad sxperimental data ths gsmma ibuti for 70% of

the background and a furthar 25% (spproximately} is due to coamic mesore. For the majority of
G.M. tbe applications, the background may be reduced to an sccuptabie level by shisiding the
tube with leed or steel. Thus mos: Of the gamma contribution is eliminsuxl.

Counting rate/doss rets curves

These are messured with, or carrected for, a 53Ca sourcs parpendicular to the tube atis. sc the
recommended supply voitage, uniess otherwise statsd. The Curvas shown are typical. Davistion of
up ta spproximetely = 10% may acaur.

Caurant/doss rete curves

These are maasured with, or sorrectad for, 8 80Ca source pependicular 10 the be axis, unies

otherwiee riatad. The curves shown are typical. Deviastian of up 10 2 20% mey
octur.

Dead time cwrves

These reprmsent the dead time (sse 3.8 and fig 4) as 8 function of the supply voitage, meamured
with pulsed X-radiation in the circuit, uniess otherwise stated. The curves shown
org typical. The maximum value is steted under OPE RATING CHARACTERISTICS. Now that
& higher ancde resistor rewlts in 8 higher dead time.

Ener~y respones curves

Tha.. repretent the enargy sensitivity (in count/R) as 8 function of the radiation snergy {in keVv),
meesured in tha recommendsd circuit and in tho linaar part of Y18 counting rate/dc.a . ate curve.
The curves shown sre typical. Deviation c on energy and '

February IQNW '
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GENERAL
GM. TUBES

)|

GENERAL
G.M. TUBES-

NOTES (continued)
§12 Pois repors cuves

Yh- reDresent the relstive sensitivity 8 8 function of the engle of irradistion (e defined in the
inthe circuit. The curves shown are typical.

Dmnmn dupenda on enargy end consWuclion.

LIMITING VALUES

The limiting velues of G.M. Wb 876 gven in the Abwolute Mazimum Rating Syttem in sxorg-
ance with IEC Publication 134.

Abeolum masimum ratings ere limiting velues of 9 and

epplicable to 7y electranic device of ¢ Peified type s defined by its published dets, which
shouid not be excesder] under tha wors orobsdle conditions.

Thess values are chosen: by the device e 10 prowide icesbility of dwe
Gevica. wking no bility for aqui iations, veriations and the
effects of changms in i di due 10 veristiom in the stics of the devics

under considerstion and of all ot sisctronic devices in the squipment.
The squipment manufacturer should desion 30 that, initislly and throughout life, no sbmolute

velue for the i service 1§ with anty devics under the worst
operating conditions -uh rloci w upply voltage vmmon, cqu-omoﬂl control edjucomnent,
losd variation, sgnal and in istics of
the device undar consicerguam and of 8l other electronic device in the equipment.
MOUNTING

G.M. Tubes must not be clampad tightiy in tha vicinity of glass-retel sesls. Grest care must be
aken in hendling and fixing thin walled giess cnd thin mewal tubes. Mica windown ere extremely
fragile and must never be touchyd.

Low capacitancey betwesn anode and cathocs is essentisl, i.e. the dhorumt gmibde connections
betwwsn enode terminal and 108d resistor must be made.

Soldering 10 the anode Pin or 10 the cathode wall will destroy the tubs. Most tvpes are Provided
with a cathode Isad or strap. This les should be used for coqinection to the cathode. Tubes with
80 8nod Din ere supplied with an onode {see drawing). Only this should be
used for cannetion to the anods.

o8se? 1
Figb

1.
ns

1.2

STORAGE AND HANDLING

The tube should not be stored at embient tEMEETF/ED Outiide the limits given undmv the hauding
LIMITING VALUES on the dats aets

To prevent |askags between the $70de 8nd the eathods, the tube should be dry end cean.
Conderastion of wate vEpOUr mly casse & short-cirtuit betwamn anods and cahods.

OUTSIDE PRESSURE

In tubes provided with 8 mics window, the §as prumure Outsids the twbe should neither be leser
than 38 kPg (= 26 cm Hg) nor hightr than the smapierie pramw e (unias cdevie Coa) end
changms in preature should be gradual.

Care should be *e.en not to expord tubes with very thin Qp 3 10 pr
higher then stnomheric.

ENSi GV DEPENDENCE

The wensitivity of G.M. WO@ 10 AMmma radi i infumxad by the enasgy of ¥
redistion.

At energies sbove sbout 300 10 400 keV, the action of the tube is dus t0 ETimkm of slectrens

i um the cathada and the highar the si0mic number of the catharis Mewrid the grasar will be

the alectron emimion. Redistion with en enargy of e than 300 to 400 kaV is abmted by e
o filling, the sbeorption incraming es the energy ¢~=resam. This givas rigs to the charctarigitle
peak in sensitivity which occurs at about B0 keV, ovio-v which the Eaitivity decremss rapidly

due to cut-off by the thicknems or density of the Cathade well. By using an exwernal fileer 2 near
linear senaitivity can be obisined.

LIFE

Seorage life

1t stored in 3 cool dry place, ree from continuous or esvere vidvetion, there is herdly any
detarioration in the Wwbe's charactsristics. A norage life of yeers is notunmad.

Opwrwdiarud life

The aperstional IlhthM.uuuuMmewnn(w T'-nndwlbm
998, iomzwd during a dit should be i quen

tities will be chemically bound, mlcmmmnmmnmmﬁlunl
orecusl Sharuning of the platsmu length, and, for 3 pvan working valtaga, (0 an Cremed casting
rate. Thiswill ina i state of di 8 Of the tbs, rendaring it \ekan.

Apan from the accumulated number of counts registersd, the embignt Imgn saure during apery
nonnolp«hulwmmhlulmwu.Atmmlﬂ'&”hn

988 mix may occur, pomibly the totsl mumber of counts @inga  Short periad of

Uouwn lnol-u ih\.\h)uﬂlowumwvn%mdmmm but life will
mlh )

Thus, depending and ci the Quexching gas could be & ammd in

Inmnulhnwuummlvlmlumm
For these remons G.M. tubes cannot be guarantesd uncanditionaily for 8 Scified pariod of tima.

NEVER

1. Exceed the LIMITING VALUES
2. Solder to the tube

3. Band the anode pin

4. Touch the mics window

=

==
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(Mx15)  2P1310
(8509)

OPERATING CHARACTERISTICS (Ambient temperawre = 25 9C)
Measured in Circuit of Fig.2

GEIGER-MULLER TUBE
Starting voltage max. 30 v
Piateau threshold voltage max, 500 v
Halogen quenched y and high energy # (> 0.5 MeV) radistion counter tube Platesu ength G 150 V.
QUICK AEFERENCE DATA Re.. nmended mpply voltage 5% v
J
Dose rate range 10 to3x 10 RM :;l:llﬂ:l‘ oo with 60 i . max. 0.15 %V
ground {shi wi mm Pb wi
Platesu threshald voltage @ v on inner liner of 3 mm Al), st EDFVTRNaed "
Pateau langin w v wpoly voltage max 2 count/min
Recamvrevdsd swpply voltag 815 v Dead time, at recommandad supply voltage men. L B
Chrome-iron cathode 80 t0 100 mg/em? ‘
LIMITING VALUES (Atsolute max. rating sysam)
This data must be read in coni with ‘Genaral i i Geiges-Miller tubes’  Anode resistor e min. 22 M
MECHANICAL DATA Dimersionsin mm  Anods voitge : : max. €0 Vv
Fig1 Ambient temperatu e 70 o
| —120.13 conuinuous Cperating o "":': @ o
Cathode - strap ’ " * storage an. +75 oC ;
5.2 U 2 i
| .8 M LIFE EXPECTANCY
b Life expectancy at ~ 26 OC ' : 6x10'* count
max - MEASURING CIRCUIT
” R =22M0
— 3 Ry = 47kQ2 : *Vasay
6 max je— max -
1‘2 Cim VeF ] a
07073
Uss only anode cannector supplied with tubs. \
CATHODE
Thicknes 0 0 100 my/cm?
Sensitive length 16 mm . output
Material chromeiron
L} [+
FILLING nean, helium, halogen '
CAPACITANCE . R1CY1aR2C2
Anode to cathode 1.2 of ' . : et
Fig.2 ’
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10.

APPENDIX A
Examination Sequence
Gamma and 7imma/beta survey
Swipes on outside of detector
Unpowered resistance measurements

Powered DC measurements
Found output to be running continuously at 40 KHz

Checked detector at 90Co source up to 600 R/hr with
no response (40 KHz output always)

Removed Printed Circuit Board from Canister
a) Took swipes

1) -inside canister

2) on P.C. Board

b) Visual inspection of P.C. Board
Flux on foil side of P.C. Board

c) Decontaminated P.C. Board

d) Took swipe of P.C. Board again

Performed troubleshooting of detector circuit
a) Found GM tube in continuous discharge

b) Replaced GM tube with new tube

Checked detector at 60Co source up to 600 R/hr
Removed the transistors for analysis

a) Measured the HFE of the transistors

b) Made total dose estimate

Made GM tube analysis



APPENDIX C
Transistor Characteristics

Transistor current gain, HFE, degradation is plotted in the
curves given here versus cumulative gamma radiation dose.
Eighty-seven devices from four manufacturers were passively
exposed to a 60co source in progressive steps, and the
characteristics were measured after each step. Transistor
HFE's are plotted for collector currents of 100 microamperes.
The three curves shown for each device type represent HFE
characteristics from the minimum device, the maximum device and
the average of all the aevices of that manufacturer. Also
shown are the intersections of these curves with the HFE values
measured for the devices removed from HP-R-212. The number of
devices of each type as well as the manufacturer is listed on
each graph.

Contents

1. Graph, 10 each 2N3565 NSC
2. Graph, 10 each 2N3565 FSC
3. Graph, 10 each 2N3903 NSC
each 2N3903 FSC

[a®]

4, Graph,
5. Graph, 10 each 2N3903 GE
6. Graph, 10 each 2N3904 NSC
7. Graph, 10 each 2N3904 FSC
8. Graph, 10 each 2N3906 NSC
9. Graph, 5 each 2N3906 FSC
10. Graph, 10 each 2N3906 TI
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