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ABSTRACT 

Area rad1at1on detector HP-R-212 was removed from the Three 
M11e Island containment bu11d1ng on November 13, 1981. ThP 
detector apparently started to fa11 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. 
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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 I sland 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 f or Energy, 
Inc. (TEC).3 The detector was delivered to Sandia National 
Laboratories on January 26, 1982 for electrical examinati on. 

B. F�ndings and Rec ommendations 

1. The stripchart rec ording of HP-R-212 indicates that the 
detector was functi onal when it was turned on and work
ed f or five months. At that time the output of the 
detector dr opped from the nearly 1 R/hr reading to 
20 mR/hr (Figure 1).. Examinati on of the detector show
ed the failure to be a GM tube that had apparently used 
up the quench gas and was in continu ous d ischarge. 
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 continu ous 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 "l ong" cable lengths and give 
the proper output readings at the ratemeter for this 
type of failure, I l"ecommend that the output drive 
circuit in the detector and the input circuit for the 
ratemeter 1 og pump circuit be redesigned. 
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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-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 wa� connected 
ta i�g ra�gmg�gr rgadau� QlQ�troni�g modulg in thg TMI-2 
control room through about �dd meter� il,ioo leet} ol ln�tru
mentation cable. The wiring diagram for HP-R-212 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-213 (Figure 3 through Figure 6) ; however, this could be 
expected when the environment it was exposed to is 
considered. The 0-Ring seal did a fair job of sealing the 
canister (Figure ?) . 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 ZlZ MEASUREMENTS 
OHMETER POLARITY I RE�

1
1STANCE 

LINE TO LINE MEAS. OHMS) 
+ - 212 at THI ZlZ at SANDIA TEST DETE(.;IUR 

+lOY GND 7.70K 6.55K 6.40K 
GND +lOY 15.2K 12.85K ll.67K 

+lOY SIG a. 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 

CSl CS2 38.0 28.3 24.2 
CS2 CSl 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 ZlZ MEASUREMENTS (DC) 
QUANTITY MEASURED MEASUREMENT 

212 at THI 212 at SANDIA TEST DETECTOR 

+lOY (Y) 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 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 +60 0 -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 (1,20 0 feet) of 
RG58 coaxial cable between the detector and the ratemeter 
(simulating the TMI-2 cable length). The +6 0 0-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 Ql (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 u pper 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 cau ses the Flip-Flop circuit to 
oscillate at 40 KHz. 

When a G M  tube fails due to ageing , it has u sed 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 40kHz. 

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 cou ld 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 G M  tube that was in HP-R-2 12 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 bef ore 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 f or 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 1 0 3c ounts/second . For the total time of 3,700 hours 
of exposu re, this yields a total num ber 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 f rom 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 one 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 tu be had not shown any 
s i gns of decayi ng at th� termi nation of the experiment. This 
was a total number of cou nts that was 4.5 times higher than 
the expected total li fe counts. The unpowered tu be , as ex
pected , showed no s i gns of degradat i on e i ther. 

W i th thi s  G M  tube working so much longer than the average ,  it 
leads me to bel i eve that the G M  tu be that failed in HP-R-212 
was a weak or aged tu be. 

VI. TOTAL GAMMA DOSE 

12 

All of the transistors were fu nctional when the electronic 
c i rcu i t  was exami ned. The transi stors were removed from the 
c i rcu it and analyzed. The transi stor c urrent gain (HFE or 
BE TA ) degradation of these transistors , as compared to new 
nonrad i ated transi stor sample5 , i s  shown in Table 3, along 
w i th the manufacturer of each transistor removed from the 
pr i nted ci rcu i t  board. 

·TABLE 3. TRANSISTOR BETA'S 
HFE OF SIMILAR 

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 (RADS) 
TRANSISTOR TYH MIN AVE MAX 

2N3565 • • •  o:. FSC (HfE .. 46.1) 
FSC (lG ea) 1.7DE5 14.00E5 60.00E5 
NAT po ea l 5.80E5 ll.OOES 25.DOE5 
AVE r.rm tz.so£5 42.5oE5 

X 1.6 (Annealing Factor) 6.00E5 20.00E5 68.00E5 

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

2N3g04 ••• Q7 FSC ( HFE•37. �) 
FSC (10 ea) 0.70E5 1.30E5 2.40E5 
NAT po ea} 2.gOE5 3.80E5 4.40E5 
AvE T:"2""'E'5" D'"STI 3."4]!'5" 

X 1.6 (Annealing Factor) 1. 92ES 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 {10 ea} 0.46E!i 0.95E5 1. BOE 5 
AvE 1J':bm" 2.53E5 5.28£5 

X 1,6 (Annealing Factor) 1. 07E5 4.05E5 8.45E5 

X 1. 7 (Biasing Factor) 1.81E5 6.88E5 14.37[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 (1 0 ea) 3.70E5 5.60E5 7.40E5 
AvE "2:9iE"5" 5.93£5 9.57£5 

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 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. 



HP-R-212 STR I PCHART 
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FIGURE 1. HP-R-212 STRIPCHART. This record shows that the detector 

was turned on June 28, 1979, 2208 hours af ter the March 28, 
1979 incident. The output level started at 1 R/hr and 
decayed to about 700 mR/hr, 15 4 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 DETECTOR1 SIDE VIEW 

FIGURE 4 .  HP-R-212 DETECTOR1 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 

11011 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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GENERAL 
G.M. TUBES 

GENERAL OPERATIONAL RECOMMENDATIONS 

GEIGER-MULLER TUBES 

Whe<Oopc>rapr�oll, llle tonninology utod c�M�farmoto llle folfowi"' pulllicot-:- IEC!i0-531, IEC100. 
IECISI·25. 

1. GENERAL 

1.1 Goilor·- ndiotian CCIUftl&"- IG.M. -·-in_ to..._ llplla .... ic .... 
blta Pinel•. pmma or X·rr -.ion. 

1.2 A G.M. tubO ilo .. ·fillod dlvico wllir:h ,..,,. to individud ianizing _,_,- _.,. .._ 
10 bD counted. 

1.3 A G.M. tubO Conoilll blsicolly ol Ill oloctrodo M I poailive -tiol ,_,.,,_by I 
melll cyli.- lto._tn.o potontiol (CIIhodol. Tho_,.,.....,. of tho-- ar il 
encJOIId in • tl• mwelope. Ionizing event: •• ini� ... bV' QUIIIU or Pl'tldelenwtng rw IIIII 
tithor throufl tho wi.- ar thraufl tht cothodo ond colliding ,.;th tho .. mal-l& 

1.4 The 111 fillinl cor.•sll of 1 mialure of one or more rwe e- .-d 1 qurnching ...,.L 

1.5 a.nching is thl! proc• of terminating a pul11 ioniJing currant in 1 G.U. tubt. Optimum 
quenching in our tuba is obtained by the QUendtinl...- uiKI in caniunctian wilh lhl 
rcomrnended -"* rwsiltot. 

2. Tho�,_af oG.M. tubOil lhlt .. ,_ -ondco- �"'llwCIPICitive 
eff.:b of fttemll con,.tiom. 

3. OPERATING CHARACTERISTICS 

3.1. S ...... ¥01_ 

This is rhe lowetl woltlglll)plt.:i to 1 G.M. tublat whid'l pu._ of 1 V .-nplilude .....-.,.. 
thetubO. Soo fig. I. 

3.2-

This islhe sctton of the counting rate ver&�l volt.Jgl c:twKt8rillic lwilh COIIUIIII irrad--.t, 
owet" which &he counting raw issubllantially i�l of fll ipplild volc.g�. Unl• oat.· 
wile st.llld, the P'ltftll is mHIUred at 1 counting rale ot approximately 100 countiL 

3.3 -- ... -
This is theiDWtS1 v�tage applied which cormpon.W to lhe 11M of the plalalu forlhe IIIUICI 
•nsitiw•tv of the mtMuring circuiL See fig.1. 

3.4 Pill_....., 

Thio is thor- of applied voltoge _,which tile pill ., ·- Sol fig. 1. 

3.5 - slopo 
This is lha chM11r-! in counting r11te ower the plltou lenglh, IKPf...:l in t. per voiL See rae.1. 

3.6 - .. pply ¥011111 
This ism. SIJpply woluge It which lhe G.M. IUbl """ .. id pnferlbly bl Ulld. This woltlgll is 
narrNI'y c- ta be in tho midcll1 of tho pl.-. Soo lit-1. 

(February 111811 



GENERAL 

G.M. TUBES l Goigor·MUII• ,_ J GENERAL 

G.M. TUBES· 

-----+----
�RATING CHARACTERISTICS lcont•nuocll 

17 -pound 
Th11 il rM countint , ... in 1h11b1MC1 of the r.tiMian which the G.M. tube is inl8nded to 
mtiiUI'I. 

3.1 Ooldt-

Thll illhl tune 1nYrVII, 1hll' u. �niuation of 1 di.:.harge rft.llting in 1 normal �-. dyring 

wruch 11M G.M. tube is •nllftllitiveiO furlher ioniZing "*'IL See fit-4. 

I piiiUII 
,-..-..,.- ........ l....-.... ,lnQ J.--- �ft.., --o"t....o:;.. I ..,,..,. •• 

I I .:::-.=-_, ___ �!!!"� 
I ) : I '""""'"'..-
1 .. �����. ..... I I I 

FOg. I 

I I 
.. pplywol .... 

4 MEASURING CIRCUITS 
4.1 --. ciRuit A 

�--�---.--.. +·�� 

4.2 

Not•: 

I otrar · 
C1 :j: capacitanco 

1 lclpFI 
__ ... 

1. Tho i!IIIUI rllitionc.lnd ._;,.,... al lito -.. -ip_..t .. ....,_ ... by 112 
and C2 rMplletivel�. 

2. R1 ill!*ifiod by lito ......... _ lnd ...... ld Ill_, ... 11 ,_ 11 -*"10 lhl 
.node connletar. 

1 When IPQiying a r�et...,.a. puiM_,, 1 •ilh lhllubl inwtad but lhart..cifati• C2 
ohould lloldjUitoclto gi"' .. ul'>dillarlld Ptd• 111 � --�- Rl a IC1 
+ IUIV -i-ol • R2 a C2. 

4. The mAIUring �ipnwru Consiltl of an emitllr follo.w witfll ...,._ lifYplr. llimiline 
llftPiifier and aiCaler. U"'- Olherwilt su.-. lhe lUbe is ,...,,ld wt• lhl circuit liwtn 
'" lhl cliO., witlt oiiOco _,.. Mdll U. ...- oupply ..,...,. lmid·pl-1 • 

-·inlcirl:uitl 

r--
1 

cable I 
capacitance * 

l:o:IOpFI 1 
I 

• 

ftz 

+i-y 
FiJ3 

·
,, . ... , 

Note: The walut of the lnOdl r1111tar A 1 lhouki not be I• INn that IPKified undlr LIMITING 
VALUES in the dlt&. 

3 



GENERAL 

G.M. TUBES l�-----------------------r--�-·_.�_·· -�----------------�Jl�--�-�-�-�� 
NOTES 

,._..tiM tiiM lot 1 counti,.systeml 

This 11 lhe minimum tim. iniii'VII betwlllft IWO d111inct t0niJing IWIIIU which ..... baU1 to bl 
counted. 

A_.,_ 

Thtt 11 the muUrnum tunttntlf'WII betwetn the initiatton ot 1 norrrwl sire pul• N lht initil1ion 
of the ntlllt pul• of notnwllilt. Sft rtg.4. 
I'UI . ....... i-
TI\e PYIW emplitwdt Of I G M. IUM' rnrt1 IWIPDtO•tm.�tld by lltl equllllon: 

P • b • IVtupply - Vsurttngl 

*hlft P • puiMifi'Piitudl 
VIUpply •lftOdiiUpply voiiiJIIII 
v11••ino • tun•nv woiUIII 

iS,.,. mea� ring circuit I 

Th� tiP on lht load r.Wtor minimtlft thl influence of 1 cC�Kitive IOid. 

a speed..: p.rcenlaga 
ot tN I'NIItft'Um 

miNI'I'II...m IIQNII dlttCIId 

A-llliiiDt 

by cercull 

-..t ''" hrM , 
I.- dead ''"" ,.. 
�·- rtiGiwtng llmt -
....---- IICOWIIJ' ltll'll-

fiv-4 
-

Normanv thltubl.,ould bl op�ratld with en i •cxk resistor olt� vJiue indicated in lht 

me.surme circuit, or hiQher. Oecrelling tnt vlllue �I thllttOdl' rntstor not �I.Y decrtasn the 

deld 11me but .. ., the placta�ltngth. A dlcreaMtn rnsPnCt bllow thlltmllU11 value miY 
affect tubl hfeand leld to •ts urlv dlltruct:ton. 
The anode relistor should t. conn«tcd dii"'Ct to the� connector of .t� tube to en.,re 

thlt paratte capacitaneft of lelds will not increut too greatly tht capac• t•we load on the tubt. 

An 1ncre .. 1n capacitive load hill the tende� to u·.:::rtiM lhe pul ... MnPI•tudt, the puiM 

durat•on. the dtld timl, .-.1 lhe pl•tuu Slope. In �•tton the pllltiU lenQth w•ll t.lhortendld 

IPJJrec1MJty Shunt CJPICtlaniCII of mctfl INn 20 pF I'NV dlltrOy the tube. 

Fobruorv 1980 J 

&.6 ----.-
The """'imum counting rate iiiPPf'Oximalllv 1/r (r • dlld timeJ. For conlin.an lllbll 
-•·on It il rwcorn- lhlt t11o caunti,. 1"111 illlljudld to 1 ....,.In .. I_ port 
of 11'11 "wnting rill/-. raw CUftJII. 

s.e DIIII--
At•• ...,., puiM. thl tubo 11 -•ily in-tiw ,.,ri,. 1 .,.iod k- • lilt- tirnt lrL 
�ontly, tho pul•lhll aa:ur duri,.lltil poriod n nat .....,1111. Al l cauntirlll"ltl of 
N c..,nt/1 lllttubo will bo _,.,,i,.IOO aN a _..of lilt limo.., --lmllaly IIIII aN 
• r!lo of lilt cauntr w�l bo .,.L 
II, in., IXIIOri"*"• lilt i-rocy mu11 bo < l!lo. N .. auld bo ._thin 1/lllllr caunt/1. 
laiiiiOit: If r • :10 ,. .. Ill �lilY oll!lo II-�� I-�������-ef -lnllllly 
liiiii_,IIL 

&.7 _......,. 
Soo dofinition ·- 3.7. Till- "'-tint-of.-.- n: 
1 .  Gomm1 radiation from tho-- and,...;, -lldiolion. 
2. -I from COIIIIIC lldiotion. 

3. Boll poniciM from con,..,;Miion and impurili• of tho 111111rill1 from oollicll lilt
itlllfismadl. 

•· ��dill:"-01 pul• in lilt oltiiCtOI and lilt cauntint cimrit lhlt do not..,._ 
lramrldiltion. 

From publithld upori.,..lll data lilt gomrna cmtribulion -��tar -imotlly "IIIIo of 
lilt background and 1 lunhor 25!1o t-oximelllyl i1 duo to c01111ic -. For lilt majority of 
G.M. tubo wicotiono. lilt blcll.,-moy bo rlducod to., ---by lhioldi .. lhl tubo with -or 11H1. Thu1 ,_of lilt gemma -ibution illlimjnolld. 

&.I Clluntintrlllal_r __ 
Th- .. ,...,,111 wilh . ... comctld tar. 1 IDeo ooura porpondiculor 10 lilt IUbo .... 11 .. 
rocornrnondld .. pply 110111111 • ...._othlrwiuiiUIId. Tho--ntypicll. �of 
up to approaimltlly : 1m. rney acwr. 

5.1 CUrrlnti-·--
ThiM .. ,..,rod will!, or corroctld tar, 1 IDeo IOUitl porpondiculor 10 1h1tubo •II. -
othorwllt-.a. Tho CUMI- .. typical. Dowiltlon of up to _.... .. W * - 
occur. 

S.ID Dollltiml-
lh• --t tho- timol• 3.1 and fi•41• 1 function of tho oupply walt.IQI. -
with pullld X·rldiltion in 1M ncommandld circuit, unl• ottwrw• stalld. 'I'M CUI'VII.._,. 
.. 1Ypic1l. lh1 maximum wolue iletotld u.- OPERATING CHARACTERISTICS. -
I highor- lftiltor IIIUIII in I highor- time. 

5.11 e....,--
Ttte.. ... repr��tnttht anergy unaitivity fin count/A I u 1 funclian of lhl rldill:ion IIWIV' fin kiVt. 
mtiiUrwd in the I'Kommlndld circuitlnd in thcllirNII' pan of ti1l c:ounti,. ...Wdc. , Jll curve. lh1 curvot .,own 111 typical. Doviotion dopondo an- and .-ruction. 

( flbrulry 11180 I 
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• 

GENERAL 
G.M. TUBES l Cloieor·Mii ... - J I ... '!�N� 

-----,._ ___ � 
IIIOTII lcontonutdl 

1.12---

.. 

•. 

Thlle rtpre��nt the rwlltiw _.tiwitv • 1 function at the Ingle of irr .. illion (aldlfined itt Ill 
drMtng), ,._,,eel in .- f'IComnwndld circuit. TN curwalhown •• typicel. 
Dlwiotion ....,...on -IIICI.-uc:lion. 

LIMITING VALUEI 
Tho limili,. ·- ol G.M. 1111111 ...... In lilt......, .. _i..,m Alii,. Sytlllft in -• 
II'ICI with IEC Publication 134. 
Abloluw fftMimurn r1t1,. .. lilftiliftl viiUII of CIOII'III"' lftd -�conditions. 
-iallll IO.., ol .. lronlc dowict all -iliad typo M cllfinld by ill ... bi- diU. whicll thould not bl -� undlr 1M_. Pfoblble tondittont. 
Tholl vii- .. c-· by llltdowi:l ,_.....,,., 10 prowidl---i:-lity ollllt 
cllwice. laking no IIIIPO(IIibilily for lqUtpmtnt vlriationl. ..-ironmtnlll vtriltionl Md lhl 
effc:tl ot cl\aftgll in Ol*'lting cardit•ona dut to v•ietiOM in lht chlrlctariltia of 1M dllfic8 
under conlidlrltian lnd of all O'lhlr llaronk: dllfic:ll in dtiiQUipnw'lt. 
The eqvil)fNnt rftlf'IUfiCtur•lhould .._.. ID lhlt. init&llly and throughOut lift, no .. blolutt 
muimum velue tor ttw intendMt tii"Vict •••CIIded with MY dlwicl undlr lhl wont PrOblble 
OIMf'lting conditions with,.._, to •pply vPtup v•iMiDI"', equipment convolldjulfiMftf, 
IOICI v•i•tion . ...,... v•iation, .witDM*'III �onditiom, n vvillionl in ctwKWidicl of 
lilt dlvict ·--end ollll- IIKtronic dlwi<ol in lllt-iolftlnl. 

MOUNTING 

G.M. tubl'l must� bl cllft\PCII tigfttly in the wicinity of g�_.,.tii .. IL Grwt c•• nut bl 
liken ;n llandli .. llldlixing mitlwallld il•ond l!l;n !Mill lllbll. Mict wi- are air-Y 
tr�gile and must never bl tauctt.d. 
Low capaci�MU �MOdi and cathodl il...,til!l. i.e. thllhorW't pallible con.-tions 
� lftOdltll'minll and IOM:I rllil1or mutt bl madl. 
Soldlting to thl MOdi pin or to thl r.lthode will will dldroy tn1 tubl. Man tYPft .,., provided 
witll 1 Cllllodlllld or map. Tllilload lllouid 1111 ulld lor _,..,.ion 10 lilt camodo. Tublll willl 
11'1 anodl pin .. supplild wilh en mode COf'IIIICtor 1 .. drawing,. Only this connectDr lhould bl 
-lorc-iontolllt-

fiiiNI'V 111110' I 

,-··-1 
g§: c::>) 
DIUJ JZltiiJ 

F;g.& 

I. STORAGE AND HANDLIMI 

Tho blbllohould no1 blllla<ld •-.,�-ou-llltllmiD....,...-.,.._. 
LIMITING VALUES on llle-
Top-llllclgl-llleiiiOdlllldrlla-.llle--dblldly ... _ 
Candlnlalion of- v-r llllf calli 1 ""'"-cilcuit--.., Cllllodo. 

I. DUTIIDE I'IIESIUIIE 

lntublll-'dldwilllainicawi-. lllt .. P....,.oullidllllt_lllauld,._bll_ 
-311 ld'al• 21icm HI) nor,.,_- ... .,_.,..,_.___._,..,. 
....... ;.,_,._,dill ...... 
c..••lcl 1111•��<., notiO•--w;m WlfY _ _,....,_............., 
..... - ............. ic. 

ID. 1111�1 QY DIKIIIOENCI :::i'IY of G.M. ,_ 10 ........ rldillion i1 in..._.,.CIIIIIidorlllly llriM-ot .. 

Al-giM- llbout 3DD 10 4011 kaY, IIIIICiion ollha-llduiiO ........ otMc
l&..wnllll-llldllllllpllllllomicnumbllrollllt--'ll .. .,_willll 
lilt .... uon -illion. Rldialionwilll., -.w of 1 .. - 3DDI040D UN��- by 111 
.. filing. .... -..lion i-... 111. -11\1 d�·- Tllil .... rilltollle....__ 
peak in-livilywhicll oa:uroii-IIIOkiV. ,.. .. , .... iclllllt--,·-nplllly 
dueiO CUI-DH by lhol!li:k,_ or dlnlity ollho--. ly ....... ....... fiiW 1-
li-llllliliviiY can 1111-.ad. 

II. LIFE 

11.1 ...... . it. 
Its- in • caal dly pl-.lraalrom continuous or -llillmiol\,.. il-y any 
dollriorllion in llltiUbll"schlr-illia. A -.ai,.ot _..not-. 

11.2 DparalirnU,. 
'Tile -llionlllilo ol e G.M. tu1111 i, .. ,.,...... in .... nuldiclllrllll. �ly 111e ..,_... � ionibdduri,.adiocll-.-ldbll• .. combinld--...-.lllinnl-
llb• wdlbl -.,i:llly bOund. no lc-llking pan in lilt_.... .... _ Tllilwill-• 1 
ll'ldull-.......ollllt pl-llftilh,IIICI.Ior . ..... -............ ., ...,__.. 
,.,., Tllilwilcumul.,. inaconti-.llllloldi ....... ot•-.-..lt-
ApanlromllltiDCU..,I_ru_olcounuragi-. .. ___ ..... _ 
lion io olprima illlfiCIJIIIIC8to UlllilaollhoiUIIL At ...__._IIIIOC:. ....... inn 
l!llmixturamay occur. p-yrlduci,.llltiOIII-ol_,u.,-.. .._,....... .. 
-llliorllnot...,. -ding I Ill up ID -OJ&imllllly 70 0C ........ IIOI_IIamlful, lall �to will 
...... -,....._.illl �� .. -... 
Tlluo.dlpandinlon -'icllion andcimMnlllncll. ................... dba......,.ln• 
linta • 1 taw noun or 111-ly IMIIor- _.. 
For-r-G.M.tullll-tbll..,... __ tloftlllytara_.llld,....ot-

NEVE II 

I. Ex- 1111 LIMITING VALUES 
2. Scldlr to lhltubll 
3.-lho-pin 
4.T-IIItmi:lwi-

7 



(MXISI) ZP1310 
ZP13IO -=-Jl 
(18509) --------- '-------------------------------

GEIGER-MULLER TUBE 

QUICK IIEFERENCE DATA 

DDoo ......... IO'' to3aiO' R/h 

Pial.., thrMhald vcMl• liOO v 
PloiiiUio..., 110 v 

Rocommondldoupply ... , ... 575 v 
Chrome-iran cathodl IOID 100 mglcm' 
This doll..,.., bl rul in conjunctiCXt widl ·� -·- ... -- Geigor-Milllor tubol" 

MECHANICALDATA Dimlnli,..inmm 
Fig. I --11--'•0-13 Cath�•;"�1 r llma:z] r 11' 

I L__ 4.8 min _, 

UM only anodl c:onnctor suppl• wi .. IUb<t. 
CATHODE 

Thw:k.
Sensitiwo longth 

Mltll'ial 

FILLING 

/ Allade-clip 

neon, helium, haiC91R 

1.2 

D707J 

..., ..... 
mm 

pF 

OPERATING CHARACTERISTICS IAmboenl -o,turo" 25 "CJ 
Me�a�r� '"Circuit of Fig.2 

Stoningvalllll 

Plot"" throthald valllgl 

Pill- length 

Ro..:n.....--lyvalllll 

PloiiiUti-
Bockground ltniotdOCI whh 110 mm l'b will' 

on innor linor of 3 mm All, 11-
-lyvalllgl 

DllcllinMI, 11 riComrnondld IUpply woluge 

LIMITING VALUES CAIIIOiull -· roring -1 
Anode resistor 

Anodlvalllgl 

Ambienl temperature 
�ont1nuOU1 aperating 

LIFE EXPECTANCY 

Left bPICa.ftCY II .. 25 0C 

MEASURING CIRCUIT 

R1• 2.2 Mil 
R2. 47 k!l 
Ct• I pF 

Anril1980 l 

Fig.2 

--
..... 

--

--
--

min. 

--
--
min. 
mo•. 

., v 
silo v 
1110 v 
575 v 

0.15 !o/V 

2 cunlmin 

II ,.. 

2.2 Mil 

11110 v 

+70 oc 
-40 oc 
•75 oc 

Sal011 caunl 
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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 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 

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 

? 



APPEND IX C 

Transistor Ch�racteristics 

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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