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ABSTRACT 

Area radiation detector HP-R-212 was removed from the Three 
Mile Island containment building on November 13. 1981. Thp 
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 
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I • INTROD~C"l'IOH 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 ga~~a 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 HP-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. F~ndings 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 di d not go to a readi ng 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 fa; lure, I l"p.commend that the output dr; ve 
circuit in the detector and the input circuit for the 
ratemeter log pump ci rcuit be redes i gned. 
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2. A new GM tube from our tes't 
HP-R-212 detector circuit. 
ed normally when exposed to 
R/hr. 

detector was placed in the 
The detector then function­
gamma radiation up to 20 

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

I I. DESCRIPTION 

HP-R-2l2 (SN 340) is one of six containment building area 
radiation monitors. It was mounted near the Equipment 
Hatch at the 30S-foot elevation. The detector wa~ connected 
~a i~g ra~gmg~gr rgadau~ QIQ~troni~g modulQ in thQ TMI-2 
control room through about ~dd meter~ ll,iaa leet} ol in~tru­
mentation cable. The wiring diagram for HP-R-2l2 is shown in 
Figure 2. 

III. 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-2l3 (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 (Figure 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 Figure 9), 
apparently residual from the manufacturing operation. 

IV. 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 i:iandia and TMI. 
The probable differences in the readings are those due to 
differences in the ohmmeters used. These readings are all 
normal readings. 

I , 



TABLE 1. UNPOWERED ZIZ MEASUREMENTS 

OHMETER POLARITY I RE~lST~~CE LINE TO LINE MEAS. OHMS 
+ - ZlZ at TMI 212 at SANDIA TEST DETECTOR 

+10Y GND 7.70K 6.55K 6.40K 
GND +10Y 15.2K 12.85K 11.67K 

+10Y SIG 8.70K 8.54K 7.95K 
SIG +lOY 7.10K 6.19K 5.59K 

GND SIG 9.94K 9.23K 8.44K 
SIG GND 7.40K 7.06K 6.98K 

+600Y GND OPEN OPEN OPEN 
GND +600V OPEN OPEN OPEN 

CSI CS2 38.0 28.3 24.2 
CS2 CSI 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 Z. POWERED Z1Z MEASUREMENTS (DC) 

QUANTITY MEASURED MEASUREMENT 

212 at TMI 212 at SANDIA TEST DETECTOR 

+10Y (Y) 10.1 10.03 10.06 

SIG. (Y) 4.3 4.11 0.07/10.0 

+600Y (V) 469.0 528_8 599.1 

+22V (V) 19.1 20.6 21.1 

CS I (rna) 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 wer.e all made through the detector con­
nector without openin9 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. Si~ce 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 11. The 
detector was then exposed to 60Co at the Sandia Vertical 
Range Facility. The detector output reading versus input 
60Co 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 ,5 

V. GM TUBE ANALYSIS 

10 

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 QI (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 s~ecified 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 Flip-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 wql come 
to the end of its life and go into continuous dis~harge. How­
ever, in this application (HP-R-212) the detector output cir­
cuit could n~t drive 366 meters (1200 feet) of RG-58, 50-ohm 
coaxial cable, at a frequency of 4J KHz. The resultant 
waveshape was a degraded signal t~at 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 103coun ts/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 10 10 • The average total counts for a GM 
tube to fail is 5 x 10 10 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 Dne 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 GM 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 oas in the 
tube. 6 ,7,8,9 . 

At the termination of the experiment the GM tube had been 
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exposed to 100 R/~r for 2,040 hours. This was a total dose of 
2.04 x 105 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 th~ 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 failed in HP-R-212 
was a weak or aged tube. 

VI. TOTAL GAMMA DOSE 

12 

All of the transistors were functional when the electronic 
circuit was examined. The transistors were removed from the 
circuit and analyzed. The transistor current gain (HFE or 
BETA) degradation of these transistors, as compared to new 
nonradiated transistor sample5, 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 SI"ILAR 
TYPE DEVICES MANUFACTURER AND TYPE HFE PPST-RAD 

PRE-RAD 

80 Ql FAIRCHILD 2N3903 NPN 12.1 

185 Q2 MOTOROLA 2N3906 PNP 82.0 

250 Q3 FAIRCHILD 2N356fi 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. 1 



TABU 4. TitAIiSISTOR TOTAL DOSE 

HFE RANGE (RAOS) 
TRANSISTOR TYH MIN AVE MAX 

2N3565 ••• 0:' FSC (HFE.,46.1) 
FSC (IC ea) 1.70E5 14.00E5 60.00E5 
NAT 110 ea 1 5.80E5 11.00E5 25.00E5 
AVE r.rm 12.50£5 42.50E5 

x 1.6 (Annealtng Factor) 6.00E5 20.00E5 68.00E5 

+ 3.0 (Btastng Factor) 2.00E5 6.67E5 22.67E5 

2N3904 ••• Q7 FSC (HFE-37. ~) 
FSC (10 ea) 0.10E5 1.30E5 2.40E5 
NAT po eal 2.90E5 3.80E5 4.40E5 
AVE T:"2'U'E'5" D'"5TI J."4]!'5" 

x 1.6 (Annealtng Factor) 1. 92E5 4.08E5 5.44E5 

+ 3.0 (Biasing Factor) 0.64E5 1.36E5 1.81E5 

2N3906 ••• Q2 MOT(HFE- 82.0). Q6 MOT (HFE=103.1). (HFE AVE=92.5) 
FSC (5 ea) 0.34E5 0.44E5 1.0~E5 
NAT (10 ea) 1.20E5 6.20E5 13.00E5 
TI pO eal 0.46E5 0.95E5 1. 80E 5 
AVE 'O':bm" 2.53E5 5.28E5 

x 1.6 (Annealing Factor) 1.07E5 4.05E5 8.45E5 

x 1.7 (Biasing Factor) 1.8lE5 6.88E5 14.31£5 

2N3903 ... Q1 (HFE=12.1). Q4 (HFE=30.5). QS ,:IFE=12.8) 
(AVE HFE=18.5). ALL FSC 

FSC (2 ea) 1.50E5 4.70E5 11.50E5 
NAT (10 ea) 3.70E5 7.50E5 9.80E5 
GE pO ee) 3.70E5 5.60E5 7.40E5 
AVE "2:9iE"5" 5.93E5 9.57E5 

x 1.6 (Annealin9 Factor) 4.75E5 9.49E5 15.3IE5 

+ 3.0 (B1Ising Factor) 1.58E5 3.16E5 5.10E5 

OVERAll AVERAGE 
TOTAL DOSE 1.5lE5 4.52E5 10.99E5 

From Table 4 the total dose was calculated to be approximately 
4.5 x 105 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. 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. 
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FIGURE 3. HP-R-212 DETECTOR, SIDE VIEW 

FIGURE 4. HP-R-212 DETECTOR, DIAGONAL VIEW 
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FIGURE 5. HP-R-212 DETECTOR, CONNECTOR VIEW 

FIGURE 6. HP-R-212 DETECTOR, CANISTER OPENED 
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FIGURE 7. HP-R-212 DETECTOR, INSIDE BULKHEAD WITH 
"0" RING 

FIGURE 8. HP-212 DETECTOR, P.C. BOARD COMPONENT SIDE 
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FIGURE 9. HP-212 DETECTOR, P.C. BOARD FOIL SIDE 
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FIGURE 10. CIRCUITRY OF GAMMA DETECTOR 
857-2. HP-R-212, PRE-REPAIR 
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FIGURE 12. REPAIRED HP-R-212 DETECTOR RESPONSE 
WITH A REPLACED GM TUBE 
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SECTION 1 

GENERAL OPERATIONAL RECOMMENDATIONS 
GEIGER-MUELLER TUBES 

SECTION 2 
GEIGER-~UELLER TUBE 

TYPE 18509 
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GENERAL 
GM. TUBES 

GENERAL OPERATIONAL RECOMMENDATIONS 
GEIGER-MULLER TUBES 

_ .. "p,,,a,,""II. ",. lonninology utod c ... farm. 10 ",. .... f ... pulllicot_:- IEC!iO-53I. IECIOD. 
IECISI·25. 

I. GENERAL 
1.1 GoiIor·-' ndio'ian CClUn\&" __ IG.M. _1_ in_ 1O ..... I1\1111 .... ic .... 

big PInel •. pmma Of x-" .. ion. 
1.2 A G.M. tu .. iI" .. ·lilloll diva whidl ,_ .. 10 individual ianiring _ ... _ -inI "-

10 bD counted. 

1.3 A G.M. lu,," comi". bIsicoIly 01 III oIoo"odo. I poIil'" _'iJI 1_1 .. ,,_ by I 
melll cyli.- II ,,_,i .. POIIII'iJI (Cllhodol. Tho _I ......... 01 .... __ ar ill 
encJOIId in • II ...... ope. Ionizing event: •• ini~'" ltV' quill" or PIFIIdeI ......... .... 
Ii_ thlOU,. tho wi_ ar ,hI".,. tilt Clthodo ond colliding ,.;th tho ....... _ ... 

1.4 The ... fillial Cor.l'lJ of I mia.ur. o' one or mar. '.,..- n • qurnching ..... L 

1.5 a.nching is the proc_ 0' .erminlling I pulll ioniJing currant in • G .... tubt. Optimum 
quenching in our luba is obtained by the quendtinl ..... u'" in caniunclion willi ... 
rcommended -"* rwsiIlot. 

2. Th.~_af "G.M. lu .. iI IhI''' __ ondco_ ~ .. "'_i'''' 
eft':b of .. temII conftKtiom. 

3. OPERATING CHARACTERISTICS 
3.1. S ...... voI_ 

This is lhe lowesl wolt. appIt.:t 10 I G.M. tube I' whidl putt. of 1 V MtPIilude ...... .,.. 
thelu". Soo 1ig.1. 

3.2 "-

This il.he •• ton of the counting tit. ver&l1 volt. c:twKt8riIIic lwi'" COIIUInI irrad ... t. 
owet' which &he counting , ... illUbllanlillly i~1 of fI ..... tId vol ... UnI."· 
wile Itlled. lhe pi.teal i, mHlUred at • counting r ... ot approximately 100 CountlL 

3.3 __ val_ 

This is thelDWtS1 ..,~t. applied which cormpon._ to !he.WI of the pIaIaIu 'Grlhe IIIUICI 
.nsiliwily of thl ""Muring circuiL See 1i,,1. 

3.4 " .. _ ...... 
Thi. i, tho ,_ of applied vol .. __ which til. pili .. __ Sol fig. I. 

3.5 _sIopo 

Thi. is !he ChM1g!1 in counting r.te over ,he pI.1OU lengIh • .,.....:1 in'" PI" ¥OIL See rlQ.l. 
3.6 _ .. ppIy vol .... 

This is m. SlJpply \loluge .t which Itt. G.". lUbe """ .. id pnferlblv til UIId. Thil vol ..... is 
narmll'y c_ la be in tho _II of .... pI.-. Soo 'iI- I. 

( February 1I11III 
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GENERAL 
G.M. TUBES l ' --- J GENERAL 

G.M. TUBES, 

~"ATING CHARACTERISTICS 'cOII""" ... 1 

17 _ .... nd 

ThiS il 1M coun,ine'''' in ",.1bIMC1 of the rMtiMian which the G.". lUbe il inl8nded to 
mellUl'l. 

3.1 00Id'_ 
Thll .rh, til'" ,n...-vll •• hll' thI ",itlltion of • di.:.hllgl ,-..Iling in I normal ~ .... dYring 
.ruch 11M G.". IUbi i. 1...,..;,iVllIO fur1her ioniZing ,,*,tL See ' .... 

~ I I pll' .... 

§ I r--tlt,- ... , .... 

l.....- .... 'I"lJ.--- ~tt.., - ....... ..e;.. 

I 
~1.... _.1, .•. __ __ 

CfII1,J 

I __ IpIo'_~ 
I ---1---1---
I ): I _ornm_ 
I .. PIlI •• .,,'. I 
I I 

FOe-' 

I 
I 

.. ppl ......... 

-=n'~oo 1( 

4 MEASURING CIRCUITS 
4.1 _ .. ciRuit A 

No,.: 

r---~---1'r--"+V~~ 

I It,a, 
CI :j: capacit .... 1 

I lelpFI 
__..J 

t---,------..~t~t 

C2 

,­.", ... ,., 
Fi,2 

I. Tho i_I 'llilionc.and~'''''' at \110_ .. _ .. -, .. .....-... ..., 112 
Ind C2 rMpIICli""~. 

2. RI i'lI*i'iod by \110 ...... , ... _ and ...... Id III _ ... II __ .. -*" 10 .... 
.node connlCtar. 

1 When lPQIying II rll:l ....... pul •. " 1 _jlt! .hllubI inwtad bur 1har1..cifati_ C2 
""ClUld IIIIdJUS' ... ' ........ NIiII ..... pul. 81 ~ __ ~_ '" • ICI 
• suey _i ..... ) . R2. C2. 

4. The mAlUring ~ipn .. 'u cansi .. of In emi''''' toIlo.w ..... put. ...... Ilifnilina 
lIftPIifierand IU .... U",- OIherwilt .... *'. IN lUbe il "...,rld wi .. IhI circuil .... 
'n .... cII .. , willt.11Oco _reo Mel "' .... __ """"Y ........ lmid· ... _I . 

4.2 _, .. _it I 

r--
1 

cabl. I 
capacitanc. * 

1",IOpFI I 
I • H_r 

Fii3 

.­uu .... , 

NOli: The walut of the InOdI rlilitar R 1 Ihouki not be I_INrI that lPKitied undlr LIMITING 
VALUES in the dltl. 
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GENERAL 
G.M. TUBES 

GIiIOr·MiiIIor .- G.M. TUBE$ l Jl-
.. 
.. I 

!U 

u 
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NOTES 
...... tioft .... lot. counti,..lY,teml 
This II me minimum lim. in.ltV. betwlllft "'0 dll1incl laniline twtnu which ..... baD. to be 

counted. 
A~_ 

Thl'" the muurnum IUnllnllf'Wl1 betwelll lhe initiation ot I norrrwl ,ir' pul. N th. inilil1ion 

of thl "'Ill pul. of notfMIlil •. Sft -.... 
I'II1 ........ i_ 
TI\e .... 11II empIitw. 0" G M. lYe. rnrtI ...... nro.llftoIl .. by'" .... llon: 

p. b. IV",pply - V'IMllng) 

_her. p. pulMlfnPliludi 

VlUpply -lftQdIlUpply volt. 

VII.li", • luning woIUIII 

A2 b----AI + A2 
Is,.,. meal,ing circuit I 

Th~ tIP on Ih. load ,.wtor minim.'" lh1 influent. of • c..-cilive 10id. 

a specil..: PI,e."'. 
of , .... mGllrt'Um 

m...,...""" IIQNII dll,ctld 

A __ _ 

by circuli 

..... ...... t.It 111M! , 

I.- diad II"" ... 
~.- '1101"1"11 .. "" -
...---- ,.cow"" 11l1'li-

Fi9-4 

I __ ~" 

" .... 

-

,./ 

Norman.,. thltubl.,ould be opIfalid with In i .cxk resistor QI ..... 'fJlu. indicated in Ih. 
meMUrI"1jI circuit. or hiQher. Oecrelling tn. viii". of thllttOdl' rnislor not only deer.aIIS the 
deld llml but II., Ih' pIICI&II.ngth. A dlere .. in NS&IQnCI billow thl limiting value mIY 

• ffect tubl hf.and 1.1d to Its "rlv dIItruct:ton. 
The anode relillor should t. conn«tcd dll"lCt 10 the ~ conneclor of the tubl to en .. r. 
Ihlt paratM: CllPlCitanCft of IMdt will not incr ... too gteatly the ClPlCi tiwe load on lhe lubl. 
An Incr,"I" clPlCilive 10id hIlS the tende~ to u'M:rtlM m. pul ... .wnpilludt. the pulM 
duration. the dead lime. n ml pl ....... Slope, In ~Itton the plalelU lenQth Will bllhorllndld 
apprc,cty Shunt clPICttancli of mcN'1 INn 20 pF !'Ny dIItrOy the tube. 

Fobruory 1980 1 

&.6 __ --. ... 

Th. """.(imum counting rl'. illPP"oximllllV 1/r (, • dIId timeJ. For conlin.an 1IIbI • 
_1I·on It ilrwc __ 1hIt till caunti,. .... illlljudId to I""" In .. 1_ port 

0' 11'1." 1Unling rlla!" rill CUftIIII. ... DIIII __ 

AI .. , ...,., pul •• "'" IUbi I. __ ily in_I ...... ri,. I ... iod k_ • lilt _ timo IrL 
~ontly. lho pul. "'II ..... , "'ri,."'iI poriod .. nat _lid. Atl coun,""FIII 01 
Nc ... ntI.llltlUbiwillbl_ ... ri .. ,OO.N .... oIllltlirno,. __ ....... y,OO.N 
• ,110 01 lilt countr w~1 bI"'L 
II. in .... pori_. lilt i_rlCY ..... 1 bI < 1!1o. N .. auld bI _1hIn lll00r caumII. 
........ " If,· :10,. .. III ~IIIY 01 1110 ii_III _liliiii _"_1nIIIIIy 
1iOO .... IIL 

.. 7 _ ........ 

Soo dofinition u_ 3.7. Till _ ",-,""1_01._'- ft: 
I. G ...... rllliotion from lilt __ and"";'_ rlllillion. 

2. _.from COllllIC rllliolion. 

3. Boll pancl.'rom con_nMion and impurili. 01 lilt ",,"';11. from wIIiclllIIt_ 
i ... 'i.made. 

•. ~. dilc"- 01 puI. in lilt oItllCtOl and lilt COUnl", cimrit _ do not"'-
lramr_ion. 

From publilhlll .. p.i .... 1II dill lilt _rna .... tribution _a far _imouty 7II!Io0l 
lilt .... kground and • lunhor 25110 t_oxim.lllyl i. duo to c .... ic __ For lilt majority 01 
G.M. tubl -'c .. i ...... 1IIt _.-1lIIY bI NII_ to .. _ ...... _by lhioldi,.1IIt 
IUbi willi _ or ...... Thor • .-01 lilt _ma _ibulion illlimjnolld. 

&.1 c:..unt ... rllal_ r .. _ 

Th_ .. ",,_rid wi.h. 01 comctlllfar •• lOeo IOU ... porJIII1diculor 10 lilt _ .. it. It" 
rlCornrnondld .. pply Il0l ...... _01_._ Tho __ ntypicll. ~01 
up to approaim .... v : 1m. may acwr. 

5.1 CUnIntI_r __ 

T_ .. _NIl willi. 01 corrwctlllfar, • IDeo IOU .. , porJIII1diculor 10 "'.lUbI .. iI,_ 
_110_. Tho CUMl_ ft'YPicaI. Dowiltlon 01 ... to ~"Y. __ 
.....r. 

.. ID DoIIItimo_ 
Th ___ .1IIt _ limo 1_ 3.1 and fi.4, •• funclion 01 Iho oupply .alt.IgI. _ 

with puilid X·rlCliation in ... ncommendld circuit. ultl. otlwrw •• talld. 'I'M CUI'Vll ...... 
nlYpic.1. Th. ma.imum ...... iI."tIII u_ OPERATING CHAAACTERISTICS. __ 
• highor"'" _or ..... 111 in. highor _ time. 

5. I I E....., __ 

Ttte.. ... rlPf'lII'ntlh. anergy unaitivity fin count/RI u. lunclian 0' IhI rldill:ion "*IV' fin bV» • 
mtIIUl'8d in the l'8Commlndld circuitind in thcIli,... pan: 0' ti1I c:ounti,. rataldc. .; JII curve. 
Th. CUN ... own II. typical. Doviotion dopondo an -.. and.-ruction. 

( FIbruIry 11180 1 



N 
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• 

GENERAL 
G.M. TUBES l jI-~ CIoieor·Mii...... ~ 

IIIOTII Icon,,"*1 ~12 __ _ 

.. 

" 

Thile rIP'",", the Nltiw "'iwity •• function ot the 1ngI. of ifr.iI.ion taI.fined itt III 
drMme., ~'ed in .. f'lCorMWndId circuit. TN curwalhown WI IW'Picei. 
Dlwio.ion ........ on _encl'-lion. 

LIMITING VALUEI 
Tho limili,.._ 01 G.M. III ............ \III ......... _i ... m R.li,. SylIIIft in _. 
II'ICI with lEe Publication 134-
AbIoIuw fftMimulft retl,. .. Iilftit ... .,IIUII of ... tl"l Iftd _~ conditions. _iaIII. 10.., .... _ .... ict 01. _ililll ..,.,. ..... inld by ill ""bi_ diU. .... iell 
thouId not be .. ~ unciii' 1M'" Pf'obIbIe tondittont. ThIII ... _ .. c_, by \III .... i:. _ ......... 10 prow ____ i:_lity 01 \III 

cllwice. laking no IIIIPO(IIibilily for ..... "'mIII. vlriatioN. ..-ironmtnlll VIIiltions Md lhI 
.... II ot c ....... in OI*'lti"l corditlOM due to v.iltiOM in Ih. chlrlc1ariltia of 1M_ic8 
unc:tcr contidlrllia.. Ind of aI. 0'IhIr lIaronk: dIW_ in IMlllUipnWlt. 
The equipment rftInUflctur.lhould ..... ID INt. inil&llly and thrOUgftOullit., no .. blDlul. 
muimum v ..... tor ttw intendMt tlNc. II .. CIIded with MY dlwice undlr IhI wont PrObIbIe 
.,.,....ting conditions with ,... to ... y _up " .. i8tiDl"l ...... ipment convolldjulflMftf" 
10Id v.,i.lion ....... ".iation. _itoM*'lIl ~onditiom .... vvillionl in ctwKWidicl of 
\III dlvict. __ encI 01 .. 1 __ ronic .... i<8 in \III_iII_. 

MOUNTING 
G.M. IUbI'I mull ~ be cllmPld lignlly in the wicini" 0' gI __ lftItII .. IL G,.., c •• nut be 
...... ;n "_i,.enclli.ing IIIilI ... 1I1II ii_a \II;n!MIII""" Mict wi_ are .. ,,-v 
trllill and mutt never be tauctt.d. 
Low capacilMU ~ MOdI and c.thodl iI...,ti"l. i.l. th.lhorWt ...... con.-tion. 
~ lftOdI",miMl and IOM:I rKistor mutt be made. 
Soldlting to thl MOdI pin or to 1h1 r.lthode will will .... 01 tn. tubl. Man: tYpn .... provided 
wi'" • CI\IIodillId or "'ap. ThillOld ...... id III "lid tor _"""ion 10 Iho CI\l>odo. Tublll wi\ll 
11'1 anodI pin .. .uppli .. with en modi COf'IIIICtor I .. drawing'. Oniv thi. connectDf "auld til 
_ Iorc_ionto\lll_ 

FOIINI", 11N1O ") 
I 

,-'I-I 
g§: c::» 
DI'" 'n,"l 

F;g.1i 

.. STORAGE AM) HANDLIMI 

Tho IUbo_ld no! bo lIorlll .. _ .. I_ou_\IIIIImi ...... ..-... .-. 
LIMITING YALUES on \118 __ 
Top_I ....... _\lle ....... encI'h._.\IIe __ dbollly ... _ 
Candlnlalion 01_ v_r ......... ""'"-ciIcuit __ ... CIIIIodo. 

.. OUTlIDI .... EUU .. E 

In ...... -'dldwi\ll.in ... wi_. \III .. "....,.ou_\III_ .......... bo_ 
_3likP.I"2licmH"nor" ... _ ... ~_.-___ ~ ... 
........ in...-.. _Idbo ....... . c.. ..... lclbo·"' .. no.IO .. ___ ;\I>WIfY_-.... • ..-.. ............ 
" ... _ ............. 10. 

10. I~~I QY DlKIIIOENCI 
Tho _ilY 01 G.M • .-IO ........ rldillion II in"'--dClllllidorlllly ..... _ .... 
rldiltion. 
AI_ •• _ ....... 3DD 10 40D keY.lIIIlClion 01 ... _ .. ciullO ........ ot .... _ 
1, .... IhI_encIlhlh .. llllllomic .. _01\111_--. ........ . 
\III .... "on _illion. Rlllialionw;\II .. -.... 01 i .. _ 3DDIOG UN .. _ by" 
.. fiUing.1ho -.,Iion i_,.. \II. -III' d~'_ TIIiI .... rilllO\IIe....-_ 
PIlI< in_livily .... icll occuro .. _.lIOkeY. ""' .. , .... icII\III--,·_ ....... V 
.... to CUI",," by Iho \IIi:k ... or dlnlity ollho __ • Iv .............. ft_._ 
" __ livity can bo-.-. 

II. LIFE 

11.1 ........ 111. 
11,-in • caaI Illy ,,1_. ".'rom conli .. ousor -1IiIImioI\ ..... 11_, lIlY dollJiorllion in \III \Ubo', ___ A -,Ii .. ot _II not_ 

11.2 OIl_Ii,.IN .. 

,. ... _"ionIIliI, 01. G.M. _ i' ........... in .... nllidiclllrllll. ~Iy \IIe",-", 
... _duri,..diocll_._ldbo, .. combinld_-", _ ...... _ 
lili. willbl-..icIIlV _ .... no Ic_ .... ing .... in \III ~ .... _ Tllilwill_ •• 
"' ...... -.......01\111 pI_llftiIh.encI.tor ..... _ ........... 10 .. __ --. 
r .... TlliI_il_l ... in' __ ... 11 01 di ........ 01 .. -.-.. It_ 
ApanIrom\lll ........ I_ ... _oIcounIlJllli-. .. ___ ...... _ 
lion i. 01 prima i_to ... Iil.ollho \Ubi. A. _____ iliac;. ....... in .. 
.... m ....... may occur. p_y ,lduci,.\111 10111_01_11"-" __ ....... .. 
_lIiorIlnot...,. -ding I hi up ID _OJIimllII, 70 DC ........ Il0l_ IIamIfuI. "'1 ~to will 
"' .... _' __ wi\lli~,._ ... 
TIIuo.dapandinlon _iCIIlion ..... _ ... \III ................ d ........... in. 
lint ....... noun or \II_Iv I .. tor ____ 
For_r_G.M ....... _.bo ___ tioftIIIytar ..... IIId,.... .. _ 

NEVE .. 

I. Ex_ \III LIMITING YALUES 
2. ScldIr '0 \hi tubo 
3._IhI_pin 
4.T_\III_wi_ 
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(MXISI) ZP1310 
(18S09) 

ZP1310 -=-Jl 
'-----------------------------

GEIGER-MULLER TUBE 

HoI ..... _hod lllld h.., __ , I> o.S AIIVI_lian _n ..... 1It 

QUICK IIEFERENCE DATA 

1lDoo' ....... .. 
PI, .... (hrMhald VeM'", 

PI ....... .... 

1Ioc_ supply .011 ... 

Chrome-iran cathodl 

10" 103.10' 
IiOD 

110 
575 

10 ID 1111 

Rih 
V 

V 

V 

mg/cm' 

This dill ...... be 'ul in conjunct_ wi'" .~ _.ilonoI ... _ -Geigor·MilIIor ....... 
MECltANICALDATA DimInIi ... inmm 
Fig. I 

--11--100.13 

CQlh~e;"~l r IImcu] r II' --, 
L-_~ __ I 

:!--d~ L_ 
Ute only .nodI c:onnctor ..,ppI_ wi" IUb<t. 

CATHODE 
Thw;k.­

Sensiliwo longth 

"'t ... ial 

,/ 
AIIade - clip 

ID ID 1111 
II 

c:hn:llllt-wan 

mon 

mg/cm' 
mill 

FILLING neon, helium, halC9IR 

CAPACITANCE 
Anoc» 10 c.lhada 1.2 pF 

j( Ap,ij li80 

OPERATING CHARACTERISTICS IAmb .. nl _., ...... 25 OCI 

MI ... r~ In Circuit of Fig.2 

SI."i ... vol .... 

" ...... """,,,old .01 .... 
" •• _ length 
R ... :n __ IV·oI .... 

" ....... -
Bockground IIIli ....... whh 110 mm Pb wi ... 

on in.., linor of 3 mm All. 11 __ 
_IV ........ 

DIIcIliftMl •• 1 rlComrnondld IUpply ,,01_ 

LIMITING VALUES .-tI _. ,.,j ... _, 
Anode resiltor 

Anodlvol .... 
Ambient tempet8tl.l re 

conl.nuOUI aperlling 

• tor ... 

LIFE EXPECTANCY 
Lit. __ a.ncy II .. 25 OC 

MEASURING CIRCUIT 

RI" 2.2 Mil 

R2" 47 k!l 

CI" I III' 

'-
~-__ I oulpul 

R'ChRZCZ 

Fig.2 

Anril1980 1 

RIP. ..... 
..... 
RIP. -. 
min. 

mil. 

..... 
min. 
moo . 

"V 
sOoV 
1110 V 
575 V 

0.15 '!o!V 

2 CUlllmin 

II III 

2.2 MIl 

IIiO V 

+70 OC 
-40 OC 
-75 OC 

S.IO'" caun. 
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APPENDIX A 

Examination Sequence 

1. Gamma and l~mma/beta survey 

2. Swipes on outside of detector 

3. Unpowered resistance measurements 

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

5. Checked detector at 60Co source up to 600 R/hr with 
no response (40 KHz output always) 

6. Removed Printed Circuit Board from Canister 

a) Took swi pes 

I)-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 

7. Performed troubleshooting of detector circuit 

a) Found GM tube in continuous d!scharge 

b) Keplaced GM tube with new tube 

8. Checked detector at 60Co source up to 600 R/hr 

9. Removed the transistors for analysis 

a) Measured the HFE of the transistors 

b) Made total dose estimate 

10. Made GM tube analysis 



APPENDIX C 

Transistor Ch~racteristlcs 

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 th~ minimum device, the maximum device and 
the ~verage 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 

4. Graph, 2 each 2N3903 FSC 

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 F SC 

10. Graph, 10 each 2N3906 TI 
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