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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. 
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I. INTRODUCTION AND SUMMARY FINDINGS 

This report summarizes the results of Qur 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 ~quipment 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 
(Model 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 
G~neral Public Utilities (GPU) and Technology for Energy, 
Inc. (TEe).3 The detector was delivered to Sandia 
National Laboratories on January 26, 1982 for electrical 
examination. 

B. Finding~ 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 rnR/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. 
The~efore, 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 recommend that the output drive 
circuit in the detector and the input circuit for the 
ratemeter log pump circuit be redesigned. 
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2. A new GM tube from our test 
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. 

II. DESCRIPTION 

HP-R-2l2 (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 its ratemeter readout electronics module in the TMI-2. 
control room through about 366 meters (1,200 feet) of instru
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-2l3 (Figure 3 through Figure 6); however, this could be 
expected when the environment it was exposed to is 
considered. The a-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 I 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 1M! 21~ at :,ANDIA TEST DtlECluR 

+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) 

QUANTITY MEASURED MEASUREMENT 

212 at TM I 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 I (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 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 teet) of RG58 coaxial cable 
with a 40 kHz (antt-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 (F~gure 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. 
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The upper range of this GM tube is specified at 300 R/hr, 
while the detector it is used in operates up to 10 RJhr. 
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 will come 
to the end of its life and go into continuous discharge. How
ever, in this application (HP-R-212) the detector output cir
cuit could not 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 10 3counts/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 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 gas in the 
tube. 6 ,7,8,9 

At the termination of the experiment the GM tube had been 
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exposed to lob R/hr for 2,040 hour~. This was a total dose of 
2.04 x 10 5 R and the total counts/second calculates to be 
22.5 x 10 10 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 failed in HP-R-212 
was a weak or aged tube. 

VI. TOTAL GAMMA DOSE 

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 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 Q1 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-2ll. l 
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 
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TABLE 4. TRANSISTOR TOTAL DOSE 

HFE RANGE (RADS) 
TRANSISTOR TYPE MIN AVE MAX 

2N3565 ••• Q3 FSC (HFE=46.1) 
FSC (10 ea) 1. 7 OE 5 14.00E5 60.00E5 
NAT (10 ea) 5.80E5 11. 00E5 25.00E5 
AVE T.1m 12.50E5 42.50E5 

x 1. 6 (Anneal ing Factor) 6.00E5 20.00E5 68.00E5 

-;- 3.0 (Biasing Factor) 2.00E5 6.67E5 22.67E5 

2N3904 ••• Q7 FSC (HFE=37.9) 
FSC (10 ea) 0.70E5 1. 30 E 5 2.40E5 
NAT pO ea) 2.90E5 3.80E5 4.40E5 
AVE T:2OT5 ~ 3.4OE5 

x 1. 6 (Anneal i ng Factor) 1. 92E5 4.08E5 5.44E5 

+ 3.0 (Biasing Factor) 0.64E5 1.36E5 1.8lE5 

2N3906 ••• Q2 MOT(HFE= 82.0). Q6 MOT (HFE=103.1). (HFE AVE=92.5) 
FSC (5 ea) 0.34E5 0.44E5 1.05E5 
NAT (10 ea) 1. 2 DE 5 6.20E5 13.00E5 
TI (10 ea) 0.46E5 0.95E5 1. 80E 5 
AVE lJ.'bir5" 2.53E5 5.28E5 

x 1. 6 (Annealing Factor) 1.07E5 4.05E5 8.45E5 

x 1. 7 (Biasing Factor) 1.8lE5 6.88E5 14.37E5 

2N3903 ••• Ql (Hf'E=12.1). Q4 (HFE=30. 5). Q5 (HFE=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 (10 ea) 3.70E5 5.60E5 7.40E5 
AVE "'2.97"E""5" 5.93E5 9.57E5 

x 1.6 (Anneal i ng Factor) 4.75E5 9.49E5 15.3lE5 

-;- 3.0 (Biasing 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 10 5 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
i n 9 • 

13 



I-' 

+-

HP-R-212 STR I PCHART 
1000 I II 

800 
...--::r: 
"-
! 600 
E-t 
~ 
< ::r: 
CJ 400 
P-c ..... 
~ 
E-t rn 

200 

-.....-
o I , , I , , , , , , " I 

o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 

HOURS SINCE MARCH 28 

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 
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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 DETECTO R, P.C. BOARD COMPONENT SIDE 
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FIGURE 9. HP-212 DETECTOR, P.C. BOARD FOIL SIDE 
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APPENDIX A 

Examination Sequence 

1. Gamma and gamma/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 60 Co 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 discharge 

b) Replaced 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 

23 
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APPENDIX B 

SECTION 1 

GENERAL OPERATIONAL RECOMMENDATIONS 
GEIGER-MUELLER TUBES 

SECTION 2 
GEIGER-MUELLER TUBE 

TYPE 18509 

25 
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GENERAL 
G.M. TUBES 

GENERAL OPERATIONAL RECOMMENDATIONS 
GEIGER-MULLER TUBES 

'Mlere iIPPfOPI" •• te. the termi~ogv used conform5 to the following publiQtlOflS:- IECSO-531. IEC100. 
IEC15125. 

I. GENERAL 

1.1 Geia--Miin. qdilltion coun" tubes (G.M. tu.) ar. intended to detect alpha p.nkles. 
bee. particler... glmma or X·,ad.lion. • 

1.2 A G.M. tube is. gB·'ill .. device which telCts to individual ionizing events. thus enabting them 
to be counted. 

1.3 A G.M. tube consists IJ.IsjQIly of an electrode It • positive potential (~) IUrrounded bv a 
metod cylinder a. a negiitive potenti .. (cathode). The cilthode forms part of the envelope or is 
enclosed in • gla5I envelope. Ionizing events are initiated by quanta or particles entering the lUbe 
either throu!ll the window or throuWt the cathode and colliding with the 911 molecules. 

1.4 The .. filii .. COnsists of a mixture of one or more rare gases and a quenching agent. 

1.5 Ouendaing is the process of terminating a pulse ionizing current in • G.M. tube. Optimum 
quenching in our tubn is obtained by the quenching gun used in conjunction with the 
recommended anode resiStor. 

2. The capKitmce of a G.M. tube is thlt belWHn iIlOde and c.thode. ignoring the capacitive 
effects of ext:ef'M connections. 

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

This is the lowest volt. applied to a G.M. tube at which pulses of 1 V amplitude appNr across 
the tube. See ftg. 1. 

3.2 "'-
This is the section of the counting rate versus voltage characteri$lic (with constant irr.adiiltion). 
over which the counting rIte is substantially independent of the applied voi~. UnI_ other
wise Slated, the platou is measured at a counting rate of approximatelv 100 count/s. 

3.3 __ .01_ 

This is the lowest voJtage applied which corresponds to the start of the plateau for the staled 
sensitivity of the measuring circuiL See fig.1. 

3.4 _'"""'" 
This is the range of applied voiUge over which the plateau extends. Set fiU·1. 

3.5 _,,-

This is the change in counting rate over the plateau length, expr~ in "per voh. See fig. 1. 
3.6 _ .. pp1yvol_ 

This is the supply voltage at which the G.M. tube should prefer~y be used. ThisvollAge is 
normally choleR to be in the middle of the pl.tau. See fig.1. 

( February 1980 
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GENERAL 
G.M. TUBES l -- j GENERAL 

G.M. TUBES, 

OPERATING CHARACTERISTICS (continued) 

3. 7 Background 

This is the counting rate in 1he~. of the radi.tion whK:h the G.M. tube is intended to 
me.sur •. 

3.8 DMdtimt 

This is the tim. interval, aft., the initl.tion of • dischilfgf resulting in iI normal pulse, during 
which the G.M. tube is insensitive to further ionizing wents. See'ig.4. 

" § I pla,aau 
rthroshold vol •• 

L st¥ttng J.-- p6.teilu --L .... '" I vol.. I. th 

I I =-"'::--I ___ ~a~...!!.._ 
I ): 
I recommended 
I .. pply voaage I 
I I 

I 

0.61;1 ... pply volQgit 

FIg. 1 

February 1980 ') 

4 MEASURING CIRCUITS 

4.1 Mlasuring circuit A 

Notes: 

----~f-... +VSUpply 

I stray 
C1 -'- capacitance 

T«1PFI 
I 

+--~---...... output 

C2 

Fig.2 

1. The input resistiloce and cIPKiunce of the measuring equipment alit represented by R2 
and C2 respective/v. 

2. R 1 is specified bv the fNloufacturer .nd should be mounted as near as: possible to the 
anode connector. 

3. When applving a rectangular pulse at 1 with the tube insened but 5hort·circuited. C2 
should be adjusted to give an undistorted pul5e It 3. Under these conditions R 1 )( (Cl 
+ stray ~acitanc.) :E R2 )( C2. 

4. The measuring equipment consists of an emitter foUower with a pulse shaper. a limiting 
amplifier and a scaler. Unless otherwise slated. the tube is measured with the circuit given 
in the data. with a 6Oeo sourc. and at the recommended supply voltage (mid-plateau) . 

4.2 Measuring circuit B 

r--
1 

cabl. I 
capacitance * 

1"'60pF) I 
I 

....... output 

~ • .,~;:!. .. ! 
+I/supply 

Fig.3 

Note: The ... alue of the anode resistor Rl should not be less than that specified under LIMITING 
VALUES in the data. 

1 ( February 1980 3 
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GENERAL 
G.M. TUBES l -- J GENERAL 

G.M. TUBES 

5. NOTES 

5. 1 R ... tion time (ot I counting system' 
This is the minimum time intefV" between two distinct Ionizing evenll which enables boUI to be 

counted. 

5.2 R-V-
This IS the minimum time interval between the inilQl101l of • norm.l size pulse and the initqtion 

of the nekt pul. of normal siz •. See 'ig.4. 

5.3 .... ' ........ i_ 

5.4 

Th. pYl1. emptiIYdI of I G.M, ",bit ~'1 r. aporo •• m.ted by the ,,"'l,an: 

p .. b II IVsuppl y - VswtJOg) 

whefe p. pulse ..-npiilude 

Vsupply • ..ode supplV volt-. 

V1t¥ting - sUirti,. voIqge 

b' _R_2__ (See me-..ring circuit) 
R, + Ri ' 

The taP on the load resistor minimizes the influence 0' • capKitive ICYd. 

a Spt;ClflC PlfCC"". 
of the mClJumum 

mlNl'nuJn stgnat detected 

--

b, '''CUlt 

--., ........ rase time • 

~dHdtlm. --
1--- ....... ng , ..... -
.....-- - recovery tll"C ~ - -' 

Fig.4 

Normally the tube should be operated with an.-.ode resistor of the vOlIlue indicated in the 
measuring circuit. or htgher. Decreasing the value of the MOde resistor not only decfease5 the 
dead lime but II., the plateau length. A decrease in resisunce below the limiting value trIiIY 

affect tube lifelnd lead to iu .,Iy cIIsIrucIion. 
The anode resistor should be connect .. direct to the anode connector of the tube to ensure 
thlt parUltic caplCitancal of IIMIs will not increase tOO greatly the capacilive load on lhe tube. 
An Incr..., in capKitive load has the tendency to increase Ihe pulse ..-npIl1ude. lhe pulse 
dur.tion. lhe dead time. .00 the plateau slope. In addllion the pla .... lenglh will be shortended 
appreciably. Shunt capacimntes of more tbIIn 20 pF may dIItroy lhe tube. 

4 Fobtu""~9801 

5.5 Maximum counting re. 

Th. rNximum counting r,t. il approxim"etv 1/,. ,,.. ca..d tim.~. For continuouslUbl. 
oper8tion it is recommended 'hit the counting rat. is Mfjustld to I value in the Iinell' pan 
of the counting rltt/dOll rll. curve. 

5.6 ~'i_'_ 
After every pulse. the tube IS t.-nporarily insensittve during. period known lithe dea:t time 'TL 
Consequently, the pulses that occur during this period .... not count.cl. At. counting rate of 
N count/I the tube will be dea:t during 100 x N x "'" of the time. IQ thtt lPPf'OJC.imately 100. N 
x ,." of the counts will be IOSL 
If. in an experiment. th. inICCuracy must be < '''. N should be 1_ thin l/l00r count/I. 
iailnl:M': 11, • ao,. .. an inIDCUtlCY of '" il rnc::htd It a counting II" of lPPfttIIifM'WiY 
600 count/I. 

5.7 _ ..... 1Id 

5.8 

See definition under 3.7. The most important IOUrca ot4:Nlck.ound .... : 

1. Gamm. rldiation from the environment and from coemc ""iation. 

2. Mesons from cosmic r"tation. 

3. Beta particles from contamination .nd impurili. of the nYteriai. from which the detector 
itsetfismadl'. 

4. Spontaneous diKharge or pulses in the detector 8nd the counting circuit that do not origiMtt 
from radietion. 

From published experimentll dati the gamma contribution lCCounu for apprOXimately 70% of 
the background and a further 25" lapproximately) il due to cosmiC mesons. For the majority 0' 
G.M. tube applications. the bKkground rNly be reduced to an acceptAble I'" by shielding the 
tube with Iud or .teeI. Thus most of the prorNI contribution iltliminated. 

Counting rateldose ra cu",. 

These Ire measured with. or corrected for. I 6Oeo source perpendicul.r to the tube u.iI •• t the 
recommended supply volt •• unless oth.rwise star.i. The curves shown are typiul. Oeviltton of 
up 10 approximltelv :. 10" may occur. 

S.i Cuulfltldost ,ate CUfYft 

These.r. mellUred with. Of' corrected for, I 6OCo source perpend.icul..- to the tube ... is, urn .. 
otherwiM n.tC. The CUN .. shown ere typal. OtviUion of up to IPPI'OXimately :t 2Of. lIMY 
occur. 

5.10 00Id,; __ 

These represent the dead time , .. 3.8 Ind 'ig.41 ila function 0' the supply vol ... meaured 
with pulsed X·r~iltion in the recommended circuit, un'_ otherwise stated. The curves shown 
... typicil. Th. maximum vllue illtatld under OPERATING CHARACTERISTIcs. N.,. that 
II higher anode resistor r.sults in • higher dead time. 

5.11 E_,_cu ... 

These represent the energy sensitivity (in count/R) U I function 0' the> radiation energy lin keVI. 
measured in the recommended circuit Ind in the linar part of the counting rate/dolt r.te curve. 
The curvts shown are typal. Deviltion depends on energy and construction. 

( F.brulry 1980 6 
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GENERAL 
GM. TUBES GENERAL 

GM. TUBES l --- J ..... ____ _ 
NOTES (continued) 

5. 12 Po_ IWponM curv .. 

8. 

7. 

These 'epr ... nt the relativ. tll'llitivity II. function of the Ingl. of irrldi.tion l_ defined in th, 
drawing), meelUred in the recoml'nlnded circuit. The CUNes thown .re typical. 
Deviltion depends on energy.nd construction. 

LIMlnNG VALUES 

The limiting v.lu .. of G.M. tuba II. given In the Absolute Maximum Rlting System in lCCord
Inc. with lEe Publication 134. 
Absolute mlxtmum (.ti. are limiting values of operltinQ tnd Iflwironmlntll conditions. 
appl iQbl. to tny lIectronic .ie. of • specif.itd type H defined by iu published diU, which 
ahouid .not be .xCMd.ci under thl worlt pr-abll condjtiOtlJ. 
TheM vllu. ar."choMn by thtI _tel manufactu ..... to provide ecctPtabl, MNicubility of ~ 
devict. tlking no reIpOftIibility for ~uipm.nt vlri,tiOM. -environm.ntlt vlri,tions 1Od.the 
.f.fec:u of -chlnges in operatin.a conditions dut to v.,i.tionl in the charlCtlriltics of 11'1. device 
under comiderltion end of III other electronic dllVic. in th. equipmenL 
Th. equipment manufacturer should dftign 10 that, initl.tly Ind throughout life, no .bsoluu 
maximum value for the intended service is exceeded·with any devici under thl worst probmll 
operlting conditions with respect to supply v04mge nrlltion, equipment control "jUstmlnt, 
load variltion. signal vlliation, environment&! conditions. and variation. in chlfKwi.tia of 
thl device under c:onsidIration Ind of IU other electronic daviea in the equipment. 

MOUNTING 

G.M. tubes must not be c1lmped tightly.in the vicinity of glass-metal Slals. Great Clre must be 
tak.n in handling Ind fixing thin willed gI._ lAd thin metal tubes.. Mica windows are extremely 
fr.gile Ind mUlt never be touched. 
Low capacitance bItwten lnode Ind cathode is flSHntill. i.l. the .onest poaib .. connections 
I::lItween Inodl t.rmina' .nd I~ resistor must be made. 
Soldering -to the anode pin or to the clthode wall will destroy the tube. Most types are provided 
with a clthode llid or Itrlp. This lead should hi used for connection to the cathode. Tubes with 
an Inode pin Irt supplied with an lnode connector (see drawing). Only this connector should be 
UHd fO( connection to IN anode. 

F.bNlry 1980 "\ 

1_16_1 
§§: C)) 
c.a.ll lZ1lln 

Fig.5 

8. STORAGE AND HANDLING 

The tube should not be stored It Imbi.nt temperatur.outside the limits givtn-undef the htlding 
LIMITING VALUES on the data aheets. 
To prevant '"k. between thl Inod. and the cathod., th' tube mould be dry Ind clean. 
Condenution of wltlr vapOlif may CIUse • short·circuit bItwHn anode and Clthode. 

9. OUTSIDE PRESSURE 

In tube! provided with I mica window. the gil pre.url ouuida the tube should neither be lower 
than 35.kPI , .. 26 cm Hg) nor higher thin the ItlnOlPheric pt"tllUra (unJ ... oth..wi ... tlted) and 
changes in pr.auurelhould be gradull. 
eare Ihould ba tlkln not to expose tubes with very thin .rwllopn to prenurt,.,bttantially 
hi~ar than almOlpharic. 

Ul. .ENERGY DEPENDENCE 

The sensitivity of G.M. tub. to glmma radiltion il influMCld consid.rably by the energy of the 
radiation. 
At tntrgililbove about 300 to 400 k.V, th, action.of the tube is due to tmiaion of electronl 
from th. Clthodllnd the hightr the atomic number ohh. cathode mlterial the gr .. ter will be 
the electron emillioa. Radiation with an enefgY of leu thin 300 to 400 keV is absorbed by thl 
011 fill ing, the absorption increasing as the ef.Ier.gy deer ...... This giva rill to the chlfacterilitic 
peak.in sen.itivity which occurs It about 60 keV, below wruch the sensitivity decreases rapidly 
dUI to cut-off by thl thickness or density of the cathode Will. By uling In IXllrnll filter I our 
linear lIOIitivity can be obtained. 

11. LIFE 

11.1 storl1lOla. 
If .torad in a cool dry pllc •• frM from continuous 0( SlVlr, vibration .. therl is hardly any 
dtteriorMion in the tube's characteriltics. A Itor.lifa of van il notunUluai. 

11.2 Oporotionollif. 

Th. op.rational lif, of I G.M. tube is expressed in counts (disch'I'QISJ. Theor.tiCilly the qu~inQ 
gas. ioniZed during a discharge. should be re-combined batwHn dilChirgtl. However, minute quan
tities will be chemically bound, no longer taking PITt in the quenching prot •• This will Iud to a 
gr-aduilihortening of the plateau I.ngth, Ind, for •. given working voltage, to an increased counting 
rltt. Thi. will cumullte in • continuous stat. of discharge of til, tube, rlndlrjng it UHI .... 
Apart from the lCCumulated number of counu registered, tha ambient temperature during optr. 
non il of prime importance to the lif. of the tuba. At tamper.tur .. Ibo'llSO ~ c:MnQII in the 
gas mixture mlY occur, possibly reducing 1M total number of counts anainabl •. Shon periods of 
operation (not .xceeding 1 hJ"Up to approximately 10 o.c should not prove harmful, but life will 
progr_ively decr.ase with incms,ng temperature. 
Thus, dependiDg on appl itation and circumstanc-fl, the qumcbing gas could be exh.,1tad in II 
little IS a few hours or theoretically l.st for many YII". 
For thtII reasons G.M. tubas clnnot be gulfanteed unconditionally for a specified period of tima. 

NEVER 

1. Exceed the LIMITING VALUES 
2. Solder to the tuba 
3. Bend the .node pm 
4. Touch the mica window 

( Fobru.ry 1980 
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Cl 

(MX151) ZP1310 
(18509) 
ZP131°-=Jl 

'---------------------------------
GEIGER-MULLER TUBE 

Halogen quenched .,. and high tnergy If f> 0.5 MeV) r.dYtion counter ~be 

OUICK REFERENCE DATA 

Dose ,at. range 10· J talx 10: 

Plateau threshold '11'011. 500 

PI .... ul*'lglh 180 

Recommended supply voltage 575 

Chrome-iron cathode 80 10 100 

Rih 

V 

V 

V 
mglcml 

OPERATING CHARACTERISTICS (Ambient temperature ~ 25 OC) 

Measured In Circuit ot Fig.2 

Starting lIonage 
Plateau threshold voluge 

Plateau length 

Re~ .. "1lmended supp1v voltage 

PSateiusiope 

Background (shielded with 50 mm Pb WIlt' 

an inner liner of 3 mm AI). lit recommended 
supply vOUage 

Dod time. ~t recomm.~ supply volUigt 

LIMITING VALUES (Absotute max. riltin9Jystem) 

This data must be rod in conjunction with ·Ge ...... oper.don.a rtcommendltians - Geigtr-MUlier tubes" Anode resistor 

MECHANICAL DATA Oimlnsions in mm Anode voiLlge 
Ftg.1 Ambient temperature 

continuous operating --j /--lxO.13 

CQ'h~e2-·I~lo r nmGIIl r 16-, 

~ .. U ~I 
~~ I L-=.ElS .L:: 

T-!smQX 11--=::1 
16 

Use only anode connector supplt.d with tube. 

CATHODE 

Thickness 

Sensitive length 

Materiil 

FILLING 

CAPACITANCE 

Anode 10 cathode 

8010 100 

18 

chrome-iron 

neon, helium. halogen 

D707) 

mg/cm1 

mm 

1.2 pF 

"I r Apr;11980 

S10(~ 

LIFE EXPECTANCY 

life expectancy It :t: 25 °C 

MEASURING CIRCUIT 

RI"2.2Mil 

R2' 47kil 

C," I pF 

Aoril-,980 ) 

"+Y~r 

CI 

6--.... - ... output 

C2 

RICI=R2 C2 

Fig.2 

,.,. .. 380 V 

,.,. .. 500 V 

150 V 

575 V 

0.15 " •. V 

max. l count/min 

mox. 15 ps 

min. 2.2 Mil ..... 6!iO V 

+70 OC 
min. -40 ·C 

milk. +75 OC 

5x 10 lQ count 
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70., 
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V-' 1(}-' -rr' :1 .V 10' X)' V· rJ'Rlh rJ' 

TVp.icll·COUQtnteu&-funclion-of~te-t6Oco1 

1°1 R£: 
(pA) • . "'~-'" ·c··w

• 
R:2.2Nll. 

7001 

501 

--

fu 

v r:;::::.!:l:l 
supply _65OV 

51SV: 

'-SOOY 

o () ;jQ 50 700 1.00 Rlh SOO 1000 
j Typical current ~s a function of dose rate ,60CoI 

r 1 ( Ap,il 1980 

5! 

:m FIOO '500 (XJQ 700 800 9(.0 

Typal dud time _ a function of IUPPty lIoltlgt ~ .. uppt,(V1 

.. 
! 

Typical energy retpOnSe curve tli<W response) 
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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 devices 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 F SC 

8. Graph, 10 each 2N39Q6 NSC 

9. Graph, 5 each 2N3906 FSC 

10. Graph, 10 each 2N3906 TI 

33 



34 

I. 10 EA 2N3565 NSC 
lOOp 

• 
, -+--' I+-----
• ,,:=:: , . 

• ==~- : 
-=-.=- . 

3 t=; .. ~~~ :=~~ ~""'" 
. . . _. 

.. . 

luI.. 
• ',-.,---C'"- : -_. , 1'-" -_ .. •. . -

.i-__ . _-"- . 

2 

'-=:::# W =0. 
I· ··· ._. 

u. 
J: 

-_~:::IT: · · · · : ·· 
··, ······Hc:. 

ty . . . 

• '-'C: - 1-- 1-' 
_._. :".-'- . , . ........ +"" 

• k~~ , 0,: C:.:.: , 
I ::=::~,,, . 

, f-F e:-
,l:=' 
~:: 

2 
-
=:-: 

I -- . ..:. 
INITIAL • • 7 

104 

co 

• , 10 

105 

GAMMA 

. . -

" I 

'I ~ 

,. 
I ' I I 

' . 
I I 7 • 110 

106 

DOSE CRAD~ 

. _ .. - ·1 .. t- ·' ·-

'._. 

--'1 t·· 
. " " " '1-' 

i=:: 

I:c f·::-
I':'C 

::: . 

. =-1' -1 '+-I-l -" --
-

-1····1-

1-,,1-

;._ .. ,-
- .. 1-' ; ~ 

-.- _.c .. . 

--
.... _. 

",0 ' ! '; :i~ 

" 
I:' 

.,. 1;+: 

~;.: I; ::' :.: . :'i; 

I : ~ ' I ': ~I = 

1- ::1:;: 
1._.- ::: . .--

.. . -. _. .... .. 

• • 7 8 0 10 

107 

, . 



2. 10 EA 2N3565 
--+ -- - -- . . 

-.- ---lO-O~A 
~C. -~ -_ . . ___ . - :\ : 

: ~~:. -~iS - -
~ - .~ ::~r:-=~E " 

~~: -- -
'--- -

i -+, 
10~.-

--c- · 
1 -+ 

- --_.j, 

- - -j 

' 1 ' -:C: 

fj ~-. --- . -

s ~:-~:Z~~-

'~. ' 

COL , ' 

-'-- 1-

: ~=':.:'-1 ~:~;~1~ ,:~~~- · 
• -- -"~~~.,: =':--:r.:= :I::=S:: ==:;: 

I==:-~ §~ H---
3r~r"'- . . 
~,:, .=,---." .-- . 

- . - . _- ...,. -

I 
INITIAL & 67. '10 

10
4 

105 

" , 

G"AMMA DOSE CRAD~ 

FSC 

! , 7 8 51 )0 

- '-i 
. -. 1 !'-i ·· 1 

. :NtH~~,~fl~ 
,~ :j>r -~ ~~ 

·;~~1:-: :-:--: _. 
~~¥:,:.C : _._ 

=
- f-- - I:;: 

-_ . . -

-_. :.~ ',A:l=!'--' 
__ :' -: Q3 

--. ' =~* - W-
'~4r- :" : 

1 _, r"':":':' ~::: _ 
-- ' ~- f :':' 

-c--:-- --
-~ - . ~ . 

. · ·i-

.. -+ . 

... 1- -

._ . 
_: - ~::"i-:-

::=,-:,: ::~ . :- .. 
.- .. . _-

. . _ .. __ .. 

! 6 7 S S 10 

35 



36 

IUU~ 

.~-, 

3. 10 EA 2N3903 NSC 
~ 

: -_.j- . r;o'c-_ 
• __ ~c.;: 

, I---

IUY' 
, 

• , , , .-
• , 
• ,---c-=c 

1-' 

.. :~ . . . .~ .. . .~= .. -.-.:.: 

.:='::~'j: ' :" co 

= ::.:-:-0-::' . =~. ! . ::: 
2 :-:: : :: ~ . , ~ : ." =."=: 

::c.. . , .:.. .=':::: .:::.;:.:..~: 

W 
U. .-.:..~ 

· --_ .. - .. . 

I~ 
INITIAL 

104 
. 1 .1'7 •• 10 

105 
' 1 

GAMMA DOSE (RADS) 

• •• 7 • • 10 

- . 

1-

Q5 ====: 
Ql .. . ... 

= :: 

, ~ 6 7 • t 10 



4. 2 EA 2N3Q03 

1 1----. 

• E-'O' . • E _. '. 

. . _f-. 
1 _ _ ~,-",; 

: . -- " ; · cL'~ : '~-~~ :0 . .. 
. ~·::'~~T"_""': -

. "" ":"::':' ~ '"" - _.-'. . _. . --
t==-: ;::=._" : ~~ -.:, ...:_""~ . 
E~ :i:~:-:-:-:-::; 

2 ,,~: _ _ , 

----:-; . 
W ' . , 
u. ~~-r-'- "-

~9 ": . :-h -~ ! " . ~, - ' "" "'-~-
'~. ~~_", , 

: E:-::-':~'~ -:-.: -:.:::: _ _ ---

=:-":;:;:;::::::~"-~ 

--1';0 

, r . :' 
t , ' ' . I' q , ': 

FSC 

65'1'10 1178110 

105 106 

GAMMA DOSE (RADS) 

" 

=p 
I - I-

I-

.-

.... I-

,·1 - 1-
"" 1-= 

. j.+ 

+ . Fr
: LJ _: .0 =17 

-~ ';" "j-: :' I i~ 

- :c~\~ lE 
~~ :: : ::. ~- I",, =.r 

_ . ..:.: _' " l ' 

- - I-
. "~ I= -

~ 6 7 e 9 I" 

37 



38 

5. 10 EA 2N3903 GE 
.- _ ... -.. .-... -• .. __ . . , .... , _. ! .. . ~ 

'OL ~I • :.-:c- : " .: , 
, --::-:: .: 

4:=,,,, '. ~-'- .. . _; . -- = 
1=::-::::--: . .. - :._+-

3 ~: . ;: ~:.' : :; ::. ,= 
, :---' '.: ,1' 

t::·=::..;,, ·: :::L 
I ----'~-- I :-~ 

E:r:: I:':::::;:::" I-

I~": 
1.::-1-- , . 

,~ 

, , -100.. 1-
~ . _._C , 

< 
.. - ';" . ~ r-

, . ".~. , i, oc- ; ': .:OJ>; I '~ ~ C~E~ 
~2= '=i-':-::: 1;:3 : 1= 

I': 
~ , . 

"""'- :-c, c= 
::::'~ 

!- -

. . --T--:- s.;. ... 

~~!: 
.. _ .. _- 1- · • ~ '-'-'-'-' .. : . :::; .. ,.:: '.~ 

. ,:=::: . ,'~" 
'C -- ,'::-~. = •. ' = , 

'.- .::-::: --. ---.:. --
W =.~::. -=:=.: -
IL. --:;:.= .-- . - . 
:I: -- -: . -_ .. .- -...,~ 

. . 

• 1- .... _~ .. _ . . _ .. 
, ---
• ~; :: jc::~ : 
5 . 

:::-· :::=,, ' · ·:-:-:;c. 
4' __ ' 1 __ ": .•. 

a 
1 "" .. . 

2 r-'-p-,=:-,.;. 

., 
11",-;'; , 

INITIAL 

10
4 

• 1'7"1~ • 1.7.'10 

105 

GAMMA DOSE CR.A DS) 

.. .. -I-'-' ._-

. .. F-: 
... 

f-
. ~. ~ 

, 
" I-

1- ' f.- f. .. 

1·-1-

1= 
:::-=; 

-- ::: ::: 
Q4 -

AVE- ·-1-

Q5 

~ ;;.;;: Ql -- ... 

-.,: . .... -" .....,... ._. -
.-.. ... _ .. 
~ ~:: 

~ 

: - I- f":" I ' ~ . 
• & 6 7 • , 10 



100" 
9 

B_--, !-~ 

-"--- - . 
~ 

== 

~- ::c.-

,,...,.., ' 
Iv~ . 
~--= 

B 

7 "~~ 
6 

2 t:==--. 
~I~ 

~ 
I 

INIT IAL 

10
4 

6D IOEA 2N3904 NSC 
1=1:"- ~ c: : 

J Ii 
.. ~-

" 

~ 
Q7 

.-
c.-:-:;= 

.. - ~·i--

.-

::.c. 

fill.alD I , 1 • • 10 6 6 7 8 So 10 

105 

GAMMA DO SE (RADS) 

39 



40 

7. 10 EA 2N3904 
lOOp 

• r=-. . r== FF 1-
, 1·_·-· , .. - 1"-
: 8 i r~· I : -::i E:! i!iJ 

1-'.:.; , . 
• 1·':'- . 

1·- . . . - 1----'.-

3 I.: :'·: :-- i :::=~. 
: ;-::::" 

2 I ~ ":":': ~ ;..:.: . 
~·-E:~. 

~~~ 

FSC 

Q7 

INIT IAL 

104 
• "'"" 10 • I • 1 • • 10 

105 

GAMMA · DOSE (RAD~ 

1_ " 
. t-· ··R -r:-;:-I 
., .::. :>: i·_.- i~1 

i .i'- 11 
I -'- r. ;~. ~Cl~ 

:> . ::i: F 
.i 

1--- :-_j ..:..i-

i .~ · i : _ 

--1- - 1··-= 
!

j --~-

1 : ~: ; ; .: I::' 

1= 

1-- I :....:-1·_· I ~_ 

1:::-1::..::1": 
1···- I ·· 

'-. .... . ... 
,.-. 1- I-

i 
: ., ~. ,. ,. 
: I: :: .! 

c::' ::., : 
l';'; ~"; .:;; I : - ~ 

:;;;-; .: , I·;: i"-

1,-, .. , 
i -- j-o- ' 

1--· . 1-·· 
IT'·;-+'" t :=· I:::.:· ~: I_ 

i - i ·- I··· 

~ £ , 8 S 10 



100~ 
8.10 EA 

~- .. -
I" " '-j .•. 

. . - - .. .. . . -. ,_::::.1::=:,: . 

10
5 

2N3906 NSC 

_ .. i'.. . -- -
.... ,~ ,.~ ..... 

-~b, ICC-:'+=~ ': 
. -,,' i'..~1=== ... . .. "f 

, . 
! ;' 

.. &67"10 

, , 

GAMMA DOSE eRA os) 

::...--±:" 
--' 'r ' " , I · 

'~I-- .- . .. . I _. j 

-- I· .! . I "1 -1 

. - ' I~ '>l! :II-ij 
. _.... : ,';.: .:: .i ·iTI 
~ ~~:··· i Ffn 

.. ~~ .,= I·:· : :J :' 4:j 
. .;~+j-:!~ 
. ~~ -' ~: I =t +, 

-- _. 

- . ·l~ : . ~ .. : 
Q6 -';" -

AVE ._- ..... , . 

Q2 '+-1- " 

.. ~: :~l. :- . I =:'= ::' .=: __ 

- .:. -+-.:..... ':;i"H~i:r 
~~-~~:t~{J 1'1-
~'=: ,;~ .ijf·~ 

. : '-:=~~j~.j · l : 
_ ... L--·i ·1· · . ',:",:' .. ~':j :l -.:. 

.. b 6 7 II 9 10 

41 



42 

. 9.. 5EA 2N3906 FSC 
IOu1--i _ _ :_..:.: __ 

6 = .:.' - .. -. _.. . jo-' L~, 
' - ---! - . --. IVI )..... ... 

• .~ . .', : .. ' .. i\J ' . 
t =~"-l 

, ~::.~~-::: I--+ 
t=:::~- .-.::: . 

3 E. .c': i.: .. ~ 1._': ,:'::I'~ 
.. ~ : ::j ' -::"'· I :;· . 
< ~~-:~ 
~~. 

~~-=-~~t:--K~ .... 
~-- ..... "'-.--1--. ..,.. 

UU 
, 1---, 
6 E :=::...: , . 

-_. 

" f-" -- j . _ .' , 

~..:-=-~r'~I::-I-
; E':':· , :'. ··;-=r"-=:;· 

f=--::::::'~:::=':I:-:,-, 

z r.~:-= . r:.::-...:: ":::1'_' 
~-::-=r:~: 

W 
u.. r:-:- '+"":' 

i-'-'-'.""'~ 

:rIO: - ; : .. ! .. :~.---. 

. ~. -- -..... 
6 _ . . _ . .. j 

, - ... ; _._--' 
~ ::: .: , 
- :::.: . " .! .:.' :.~', , ... 

3 1 -::-~::~: : 7.'~ 1---
:: ,.":1::; .. ... 

~ _':: 7l",-::: . 
2 ,_ . ' ::r= 
.~ 

t:;-' .: 
IPi.· f .-

INITIAL .1.,1110 

i-~ 

~5:::. ' ..:'>.;;; 

.. _:~t-" "'~ 

:~ 

• • I , I • 10 

10
4 

105 106 

GAMMA DOSE (R.ADS) 

'--
--- - 1 .. ·1- 1 -I 

- -_., -I-Ii 
. ::.,-.1 .' j" .: i-I 

:-1=:'- ." 
,:: . i··-
I : ~ . 

" F ' :' . 
I:,"' · ::: 

' 1::"1- : r= 
t-- .. I--

i~~I~ 
::-::=Elo.:: 

=-.c' ~:::-= 

.-1= 
!-

- -I .. 1·-

. .. I .. 
,--

- :-
:.',:".' 

.. '~' =F:"": . 

=-~ 1:.c:1-= 
:C: . 

. 1::: 

--1··1 .. -
.. & 6 7 e , 10 

I ~ 



10 .. IOEA 
lOOp 

. +---'-' i--r-' H-'-f---.,.,-I-' 'r . 
, 1-:-. . c !+U' JI"f" ," .en:'; 
: §=: . . ;,\;' 

be ' .:. === C'" ~. 

:= ":;:--
co"':' ' o'i "-~ : lL" 

; ... , ..... ,0;;; 

~:cg~~~r-~ -
~-;~=a=.~~ 

109 . 
6_. , 

:;- -

• Fc-'-"'>":._: I ~ ::-'-'§' 
1:=:'::' . ::::::::'1"=: '" -

:~~~.+= .. 

w .~~.:~t~~:c .:: ..c.:.....;. . . 

~ =;..k" ":l ;'~ 
tp .. ... ," . = :=I=L= 

... /- .. " ... -.~ 1-+ 
' -1' . --+ !~ .... 

. _ ... t-: -!.. ' 1--- -. 

·L:'·:L'i;·I~§.~ 

--:-:~~: ":_ :::::l-:;, .. _ _ ~ . . _. 
• .. _- - -: - - --r-. - ' 

~:::4 := '~f::;:C:::':--r " . 
3 ·:·::-:L .·::::-V::;: . 

2 r~n~~~~ ~~~.:: == : 
=::..: ] , ... :.:....h· ' 
-: ,.~--:' ~ ' 

. ',;:- "- ' ""-if~" 
I ----:::t i::... :~ ,,,.+_t . . 

INITI AL 2 , 6 • 7 •• ,0 

10
4 

105 

2N3906 

'., Q6 " ., 
AVE 
Q2 

~~'. 

--=~:' 

TI 

5' 7 • • 10 

GAMMA DOSE CRAD~ 

' " " 

- I . . . J._ . _ \ 

. -+ ... . _- +. j! 
. .. . - . ,4; 

--1-. -j·ll· , 
·::=1 ·+:'Ljl 

.. :c' c." ::;.. ~', 
.- -

. c· .. :. =.' t 

.:-
_. - . 

---j 

._.+ . 1-

-I ' -I-

. ~'"'°L~ 
:==:f'~ ' c . 

=1: ...... : 
r1=:· . 

,::g: ::;:.~ l ;~ ... 
-- :"- ' E~ 

"2:::: ~:~ 2t~ .. -
~~ ~_ ., ;=-t~_ + 

.- ' ~r-' 

....;_ ........ --, _ . 

, ,I ' 

' ._- ---j ----
. ..., 

._+--. -t-

+. "f' 
.. :":i:. '. C __ ... ,; , J: 

· .C .. .. :'::: ' :~~ .: . 

~·~r~I.-=- .. . 
- ':.:. j. : : . , .; . c' . 
.. ::H : :~ ~ : :~ 

_..:1:". 1"::" :: . 

- 1·

:- 1- -

f, 6 7 6 9 10 

43 



INTIONALLY LEFT BLANK 

44 



REFERENCES 

1. Examination Results of the Three Mile Island Radiation Detector 
HP-R-211, M. B. Murphy, G. M. Mueller, F. V. Thome, SAND 81-0725, 
September 1981. 

2. Examination Results of the Three Mile Island Radiation Detector 
HP-R-213, G. f1. Mueller, SAND 82-1173, August 1982. 

3. Field Measurements and Interpretation of TMI-2 Instrumentation: 
H P - R - 2l2, J. E. Jon e s, J. T. Sm it h, M. V. Mat his, G END - I F - 017 , 
Volume VIII, January 1982. 

4. Sandia Laboratory Notebook, ENG-F-777, Geoffrey M. Mueller, 1981. 

5. Sandia Laboratory Notebook, ENG-F-837, Geoffrey M. Mueller, 1981. 

6. William J. Price, Nuclear Radiation Detection, 2nd ed., New York, 
McGraw-Hill, 1964. 

7. W. H. Tait, Radiation Detection, London, Butterworths, 1980. 

8. P. J. Ouseph, Introduction to Nuclear Radiation Detectors, New 
York, Plenum Press, 1975. 

9. Jack Sharpe, Nuclear Radiation Detectors, 2nd ed., New York, John 
Wi 1 ey & Son s, Inc., 1964. 

45 



INTIONALLY LEFT BLANK 

46 



DISTRIBUTION 

2123 A. E. Asselmeier 
2155 O. M. Stuetzer 
2300 J. L. Wirth 
2340 J. G. Webb 
2341 C. R. AIls 
2341 M. B. Murphy ( 5 ) 
2341 G. M. Mueller (10) 
3141 L. J. Erickson ( 5 ) 
3151 VV. L. Garner (3 ) 
3154-3 C. H. Dalin (25) for DOE/TIC 
8424 M. A. Pound 
9400 A. W. Snyder 
9440 D. A. Dahlgren 
9445 B. E. Bader 
9446 D. A. Dahlgren (Actg. ) 
9446 L. L. Bonzon 
9446 F. V. Thome 

Dr. Willis W. Bixby, Manager 
DOE/TMI Site Office 
P.O. Box 88 
Middletown, Pennsylvania 10757 

(Unlimited Distribution) 

47 




