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length of the cable and impinges at the detector end where it _ 

reflected due to the improper termination. The process continues, ~ 

a voltage step at the detector end, the resultant waveform at the rate-

meter shows a series of upward (or downward) steps. The width of each 

step is equal to 2TO, where TO is the time required for the signal to 

propagate the length of the cable. If the detector output squarewave 

reaches a frequency high enough to have a period which is of the order of 

TD, a substantial rolloff of the waveform will result. Figure 23 shows 

oscilloscope pictures of this condition. 

The detector output impedClnce, which fo·r a new detector is 

normally 100 'ohms, increases as transistor gains are degraded by gamma 

radiation. The HP-R-21l transistor gains were degraded to the point 

that the equivalent source impedance was approf=imately 270 ohms. This 

has the effect of causing further impedance mismatches and more 

dramatic reflections. The base drive currents for transistors Q6 and 

Q7 are not adequate to make up for the transistor gain decreases 

observed. 

The second major cause for the operation as described is the 

continued GM tube pulsing of the multivibrator circuit even after the 

antijam circuit has begun to control the multivibrator frequency. 

The antijam circuit does not disable pulse amplifier Ql. This allows 

GM tube output interference. This pulsing increases the detector 

squarewave frequency from the normal antijamfrequency of 40 KHz until 

the reflection time TO becomes a significant factor. Hore "filtering ll 

or rounding of the signal waveform is thus produced. We attempted to 

Ironitor several of the internal circuit nodes in order to understand 

the GU tube interaction mechanism more clearly; however, in each case 

our measurement apparatus interacted with the circuit and changed its 
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characteristics. We did interchange GM tubes between one of the new, 

Victoreen-supplied detectors (SN 1344) and the HP-R-2ll detector. The 

HP-R-2ll GH tube was found to degrade the performance of SN 1344 but not 

too severely. Alternately, the SN 1344 GM tube improved the performance 

somewhat of the HP-R-2ll detector. The degraded transistors and degraded 

GM tube both seem to influence the detector behavior. More information 

regarding these tests can be found in Reference 18. That the tube has 

changed is expected since the manufacturer introduces a quench gas in 

the tube to reliably halt GM discharges. This quench gas can be used up 

by high radiation doses. 

The approach toward recovery shown above 100,000 R/H in Curve 

C of Figure 21 is presumably due to fewer GM tube interactions, and 

thus a lowering of output frequency. The frequency stabilizes at that 

determined by the free-running multivibrator. The cable drive is still 

inadequate and reflections still occur: however, the lowered frequency 

signal is not "filtered" a~ much. 

Corrective Action -- The observed radiation measurement characteristic 
, , 

dip can be corrected by some relatively simple changes in circuit design. 

Specifically, any of the followinq changes would improve the design; by 

making all the changes, the detectol~' ..::ould' be" made to function properly 

u. j; significantly higher radiation dose levels : 

1. reduce R20 andR2l to approximately 50 ohms 

to properly match the 50 ohm coaxial cable: 

2. use more radiation tolerant transistors in 

the 06 and 07 transistor slots: 

3. increase the base drives to 06 and 07 (if the 

drive was increased too much, the drive to 05 

would need to be increased also): and 
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4. use the antijam output to disable the GM tube 

pulse output to the multi vibrator (a new circuit 

design and P.C. board layout would be required). 

Although not necessary to correct this problem, two improvements in 

circuit design could be made in the ratemeter: 

1. terminate the coaxial cable in 50 ohms to 

prevent reflections (this would require gain 

changes in the ratemeter differential 

ampli fier) i and 

2. employ a zero crossing comparator circuit to 
. . " 

reconstruct the detector squarewave and thus 

make the ratemeter input amplitude insensitive 

(a new P.C. board layout would be required). 

Failed State Charac~eristics 

When the effects of the long coaxial cable were discovered 

at GIF, the detecfo~ was ~e£uined to the ~andia Vertical Range for 
. . 

additional tests with a lonq cable attached. Since the failed 

transistor Q6 had been destructively analyzed, it was necessary to 

install an "equivalent" transistor in the Q6 slot. The original failed 

transistor exhibited a 163 ohm resistance from collector to emitter and 

was also degraded from exposure to radiation. "We placed a resistor in 

parallel with an undegradea2N 3906 and varied its value until we 

achieved approximately the same readout versus radiation level curve, 

using short cables, as we had recorded for the failed HP-R-211 detector 

(Curve A, Figure 18). The resistor value required to do this was 250 

ohms. This produced a 3.2 V peak-to-peak output versus a 3.6 V peak-to

peak output for the original, failed detector. Figure 24 shows the data 

obtained using this "equivalent" transistor •. Curve A shows the nominal" 
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FAILED HP-R-211 W/CABLE 
1021-~~~--~~~~~~~~~~~--~~~~~~~ 

FIGURE 24. Failed HP-R-2ll characteristics with 152 m of Coaxial Cable. 
A new 2N 3906 transistor with a parallel 250 ohm resistor 
was substituted in place of the failed transistor Q6. RG 58 
Cable was used to connect the signal output line from the 
detector to the ratemeter. Curve A is the nominal-voltage 
characteristic with a short (3 m) coaxial cable. Cu~ve B is 
the nominal-voltage characteristic using a long (152 m) 
coaxial cable. Curve C is the low-voltage, ratemeter corrected, 
characteristic, using a long cable. 
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voltage characteristic when a short interconnect cable is used. This 

compares very closely with Curve A of Figure 18, indicating a good tran

sistor equivalent. Curve B is the nominal voltage characteristic when 

152 m (500 ft) of cable are used. Curve C is the low voltage condition, 

corrected using the 1.05 ratemeter scale-factor. At the lower radiation 

rates cable effects are negligiblel however, as the frequency of GM tube 

discharge increases at higher levels, the cable effects become apparent. 

The much lower "saturated" level of 4.7 mR/H makes the understanding of 

the HP-R-2ll stripchart more difficult as will be discussed later. The 

validity of our "equivalent" transistor is subject to question. However, 

since this is the best simulation we have been able to devise, any 

stripchart reconstructions should use the data in Curve C of Figure 24. 
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D. stripchart Recording 

The HP-R-211 stripchart, as recorded on Channel 9 of multi-

point recorder HP-UR-1901 and reconstructed from operator logs, is 

shown in Figures 25a and 25b. This record dates from March 28, 1979 

through August 15, 1980. 

The detector registered 0.3 mR/H, at 97% of full power, until 

0400 on March 28. There, at reactor trip, it showed a slight dip, then 

at 0635 it shows a dramatic rise which peaks at 170 mR/H. The level 

decreases until at 1350, it rises for 1 minute to 52 mR/H then abruptly 

decreases to minimum scale. This is the approximate time of the hydrogen 

burn and subsequent building spray. It has not been possible for us to 

determine precisely which event this decrease corresponds to. Using 

the point of reactor trip as an accurate fiducial mark, we find that the 

dropout is slightly after 1350. Approximately 5 minutes after the tran-

sient began, the output recovers to 25 mR/H. Only a few data points 

exist before the stripchart ceased turning. Only a short burst of data 

was recorded over the next 14 hours. During the intermediate time the 

recorder printed in place. The changeover from stripchart to manual 

data taking is apparent on June 5, 1980 (1;0 4 hours) • The obvious differ

ence in readings is minor and, henceforth, the recorder level will be 

assumed to be the more precise indication •.. As described below, all the 

evidence we have .found indicates that the HP-R-211 channel was operating 

properly prior to the accident and that .the stripchart recorder produced 

accurate recordings both during the accident and up to the time it was 

taken out of service. 
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HP-R - 211 STRIPCHART 
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FIGURE 25a. HP-R-211 Composite Stripchart. Al1506 days of stripchart and 
operator logs are shown. The detector output peaks at 170 rnR/H 
at abl...lt 0800 on March 28, 1979. When removed on August IS, 1980, 
the detector registered only 1.5 mR/H. 



HP-R 211 STR I PCHART 
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PIGURR 25h. HP~R-21l Short Term Stripchart. Only the first two days of the 
accident are shown on a linear scale. The ESF actuation occurred 
some 9 hours and 50 minutes into the accident (1350 hr). Several 
data points were taken just after this before the recorder printed 
in place. A few more points were taken at about 2400 hr. 
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Stripchart Notes 

1. Channel 9 was occasionally labeled incorrectly on the 

stripchart. The recorder normally samples the signal 

and prints out a data point which is labeled with the 

channel number. In the case of HP-R-2ll, points 

obviously from the same channel are randomly labeled 

with 8s and 95. This labeling has led to considerable 

confusion by investigators since the paper record is 

quite difficult to read and the presence of darker 8s 

has led some to the conclusion that HP-R-2ll, Channel 

9, is not present on the stripchart, We have conclu-

sively found that the channel labeled 8 and 9 is 

HP-R-2ll by examining the stripchart three days before 

the accident when HP-R-2ll was being calibrated with a 

Victoreen gamma source. The record clearly shows 8s 

and 9s being printed for the same channel (Appendix Al . 

In addition, operator logbook readings correspond to 

the 8/9 channel. 

2. i Th~ stripchart speed was 20 .• 3 cm (8 in) p,r hour. We 

. have examined the stripchart at various times and found 

the speed to be very close to this value.· 

3. The HP-R-211 ch.annel was at least partially calibrated 
i 

three days before the accident. The stripchart record 

shows that HP-R-2ll, HP-R-2l2, and HP-R-2l3 were cali- . 

bra ted at the 49 mR/H level before the accident,· These 

stripchart data correspond to maintenance records 

(Appendix A) except for the two higher levels. Data 

taken by TEC, using a test detector in the anteroom, 

have been analyzed and indicate that the raterneter gain 

was also approximately correct. The ratemeter is adjusted 

\lSLlg the 49 mR/H source level. 



4. The stripchart recorder calibration was checked before 

being taken out of service on May 30, 1980 (operator 

logbook data). It was found that the stripchart was 

accurate at that time, but that the ratemeter readout 

read 1.5 mR/H instead of 1.7 mR/H according to the 

stripchart. 

5. The background reading of 0.3 mR/H, as read on the 

stripchart before the accident, is approximately 

correct. Measurements made in the vicinity of 

HP-R-2l1 by health physics personnel, with the 

reactor running at full power indicate that 0.3 

mR/H is a reasonable reading (Appendix A). HP-R-

211 was, the'refore, apparently operating correctly 

at the time the accident began. 
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E. Radiation Time History 

At the time HP-R-211 was removed from the containment 

building, it was registering a radiation level of 1.7 mR/H as shown 

in Figure 25a. Using the Co-60 source calibration from curve C of 

Figure 24, we see that this point corresponds to 740 mR/H. By using this 

same procedure for other data points, it should be possible to recon-

struct the actual gamma radiation time history inside the containment 

building near the personnel hatch. Unfortunately, we have not been 

able to make such a reconstruction. Several factors have combined to 

make the analysis of the stripchart data baffling. The following 

discussion presents some of these difficulties. 

The radiation. levels measured by HP-R~2ll during the time 

between fuel failure at approximately 0635 hours and the hydrogen burn 

at 1400 hours are orders of magnitude lower than we calculate them to 

be using radiation level measurements taken by GPU inside the anteroom. 

To attempt to explain this differenc.e, we have examined the stripchart 

for discontinuities during that time period which would indicate the 

presence of a steam induced 600 Volt leakage path to ground or evidence 

that transistor Q6 had degraded. Although the signal is sampled and 

recorded only one time per minute, we have found no discontinuities 

in the data trace. To investigate the effects of a 600 Volt leakage 

path, we purposely introduced one in our Co-60 experiments and found 

that the GM tube either functioned with reasonable accuracy or, if the 

voltage was reduced below 380 Volts, failed to produce any output 

pulses. The abse~ce of discontinuities and the evidence that the 

detectoL was functioning properly when the accident began both imply 

that transistor .06 was not degraded. Another factor during this time 

period is that the stripchart does not show any long intervals of a 

flat f)r "saturated" respon:'c which· should be present if the antijam 
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circuit were functioning. In our tests we found the antijam (.'ircuit to 

operate properly. Finally, we have not been able to use the detector 

multiv~lued characteristic to explain the magnitude and shape of the 

stripchart curve. 

~\le cannot reconstruct the radiation history back to the time 

of the hydrogen burn even if we assume that transistor Q6 failed at 

that point. The Co-60 data of Figure 24 shows the maximum detector 

indication to be 4.7 mR/H with 152 m (500 ft) of cable attached. How

ever, the stripchart indication after the burn is approximately 25 mR/H. 

We must conclude that either the transistor degraded further after the 

burn, even though no more stripchart discontinuities are present, or 

that the cable driving circuit was more efficient because of higher 

gain (less degrade'd) output transistors. In either case the recon

struction is somewhat imprecise. If we, nevertheless, perform this 

reconstruction back to April 17, 1979 where the recorded level was 5 

mR/H, we find that the total integrated dose is approximately one order 

of magnitude lower than that estimated using transistor degradation 

data (see Section V). Thus, ,either th~ reconstruct;i.on is too low by an 

order of magnitude or, again, the stri~chart indication before the 

hydrogen burn is orders of magnitude too low. 

These inconsistencies may be resolvable after other detectorR 

have been examined. Even now we can reconstruct a "most likely" time 

profile using multivalued characteristic, total dose and calibration 

information; however, it is premature at this time to do so. This will 

be done in another report. 
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VI TOTAL GAMMA DOSE 
A. Summary 

Equipment at TMI-2 was subjected to an actual LOCA in which 

large amounts of radioactive contaminants were spread around the 

building in varying amounts. Knowledge of the total radiation dose 

received by a given piece of equipment is important in understanding 

degradation or failure and thus evaluating the radiation hardness of 

the design. In short, the use of the accident at Three Mile Island as 

a test base for equipment survivability is of limited use if the 

environment is not known. 

We used two indicators to determine the total gamma radiation 

dose received by the detector electronics: transistor gain and 

elastomeric material elongation. No attempt has been made to quantify 

beta deposition in the detector outer surface or signal cable. It is 

assumed that the majority of the dose received inside the aluminum case 

is due to gamma radiation having energies in the range of 0.5 to 3.0 MeV. 

Table 3 summarizes our findings. 

TABLE 3. Total Gamma Radiation Dose Estimates 

NOMINAL RADS 
(XIU 5) 

ERROR BARS 
RADS (XI0 5) 

TRANSISTOR GAIN 1 

DEGRADATION 

2. 5 

0.8 TO 5.1 

1 Average of 6 transistors. 

ELASTOMER 2 

TEFLON 
SLEEVE 

2.0 

0.7 TO 6.0 
(EST.) 

BUNA NITRILE 
O-RING 

10.0 3 

2 Average of 2 teflon sleeves and 1 a-ring. a-ring included 
some beta dose~ 

3 The a 6ring appears to be very near its damage threshold 
of 10 rads. 
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By using the transistor data, we estimate the nominal radia

tion dose received by the detector electronics to be 2.5 x 105 rads. 

The transistor data are believed to be the most accurate, since sub-

stantial degradation did occur, and because more samples were tested. 

The teflon sleeving had reached a dose-level threshold where noticeable 

degradation had occurred; however, since only two samples of unknown 

pedigree were available for test, the uncertainty is larger. Although 

the a-ring had barely begun to degrade thereby increasing the uncer

tainty, the dose was almost certainly below 107 rads. We have not used 

integrated stripchart data to estimate total dose, because as described 

in the previous section, the stripchart data for the first day or two 

of the accident are not fully understood. 

Although a total gamma dose of 2.5 x 105 rads is higher than 

the design requirement of 2 x 104 rads for most equipment at TMI-2, it 

is below levels required today for most new reactor equipment. 

It should be understood that the use of transistor and 

electronic material degradation can only provide rough estimates of 

radiation dose~Base material parameters, processing characterist'ics 

and short and long term armeaHng all introduce uncertainties which 
. . 

are ,difficult to quantify. We have considered these uncertainties 

and present the values in Table 3as reasonable 'estimates. 

B. Transistor Degradation 

Damage Mechani~m 

The permanent damage produced insemicqnductors by gamma 
11,12 

rays is of the.same type as that produced by electron bombardment. 

Transistor parameter changes are a result of two effects: bulk 

silicon damage and inducement of surface states. 

For bulk silicon gamage, orbital electrons are excited and 

scattered by energetic gamma photons, and these electrons may transfer 
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sufficient energy to lattice atom nuclei to displace them. This creates 

vacancies in the crystalline structure called Frenkel defects. For 

gamma radiation these are simple defects in that the amount of damage 

induced by a single gamma photon is limited to at most a few atoms. 

Much of the same is true for neutron irradiation, except that the ~nergy 

transfer is orders of magnitude larger, and large defect clusters can be 

created. The effect of these point defects is to change carrier mobil

ity, conductivity and lifetime. 

The transistor parameteis most affected are curtent gain and 

saturation voltage. Transistor gains decrease and saturation voltages 

increase as the dose is increased. For low-power, high gain bipolar 

transistors, bulk. damage generally begins to become noticeable at 
6 eXpOSl.lre levels of greater than 10 rads. 

Surface state phenomena primarily affect the. current gain of 

bipolar, planar geometry transistors. Although the physics of surface 

11 13 states is 'not well understood ' ,.at least two mechanisms have been 

identified19 which cause a reduction in current gain after irradiation. 

Gamma irradiation creates hol~-electron pairs in the surface Si02 

passivation or diffusion masks. The more mobile electrons are easily 

swept out of this insulating layer, leaving behind trapped positive 

charge in the low conductivity oxide. This positive charge, if near the 

8i02 - 8i interface, may ·cause a depletion or inversion layer to form on 

the silicon' surface underneath. Where this occurs over the base-to-

emitter junction region, a decrease. base current efficiency results. 

In addition, irradiation alsQ creates new interface defects in the oxide 

near the Si02.- Si interface. This alters the surface recombination 

velocity. It has been observed19 that the effects of surface states 

"saturate" for high dose levels. 6 7 Below approximately 10 or 10 rads 

the gain degradation is thought to be primarily due to the formation of 

surface states. 
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Data and Interpretation 

Six bipolar transistors were remo'led .from HP-R-2ll for the 

purpose of determining the radiation total dose. These transistors were 

completely characterized at room temperature with respect to parameters 

such as gain (HFE), leakage currents (ICBO, ICEO, lEBO), and saturation 

voltages (VCES, VBES) .14 Transistors, 87 in all, were procured from 

Fairchild (FSC), National (NAT), Texas Instruments (TI), and General 

Electric (GE) and exposed to a Co 60 gamma source for the purpose of 

comparing degradation in these devices to that in the HP-R-2ll transis-

tors. These transistors were passively exposed by Asselmeier in 7 steps 

until a total accumulated dose of 3 x 106 rads was achieved. The tran-

sistor parameters mentioned above were measured after each step. An 

examination of the change in parameters versus dose has shown the tran

sistor current gain to be by far the most affected parameter. Saturation 

voltages were changed to a much lesser degree. 

Appendix B contains plots of transistor gain degradation vs 

total dose for all the transistors tested. One of these plots is shown 

in Figure 26. These particular devices were National 2N 3904s •. Ten 

units were tested, the average gain being the center curve. The maximum 

device had a gain characteristic corresponding to the upper curve, the 

minimum device the lower curve~ Transistor 07 from HP-R-2l'1 was a Fair

child 2N 3904, and at a collector current of 100 lJA 'had a gain of 61. 
: . . . '. ". . " 

This corresponds to ~ riomiri~l total dose estimate of 1.G x 10- rads 

(wlcorrected for bias and annealing) • This method was used to determine 

the radiation total dose absorbed by each transistor. Table 4 summarizes 

our dose estimates using this method (these estimates must still be 

modified to include bias and annealing effects). The results shown were 

obtained by simply weighting each transistor type equally and taking ttlt::: 

statistical average~ When curve matching was employed, where some trim

sistor data were more heavily weighted, the result was almost the same 

as the statistical average· •. 
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Table 4. Transistor Total Dose 

TRANSISTOR TYPE 1 

2N 3565 ••• 03 FSC (HFE"'200) 4 

FSC (10 sa) 1E4 3.8E4 L1E5 P 
NAT {10 ea~ 1E4 4 E4 L5E5 F 
AVE IE4 3.9E4 1.3E5 

2N 3904 • •• 07 FSC (HFE.,,61) 

FSC (10 ea) 3.2E4 6.5E4 9.5E4 E 
NAT (10 ea) lo5E5 1.8E5 2.2E5 E 
AVE 9.1E4 L2E5 r:6E5 

2N 3906 · .. 02 MOT (HFE=86) 
FSC (5 ea) 3.8E4 5E4 1.2E5 E 
NAT (10 ea) L4E5 7E5 1.6E6 E 
TI (10 ea) 6.5E4 L1E5 2E5 G 
AVE a:TE4 2.9E5· M'E5 

2N 3903 · ~ . Q1 (HFE=35.5), Qi+ (HFE=20),05{HFE=38) 
(HFE AVE"'31), ALL FSC 

FSC (2 ea) 7E4· 1.5E5 3.6E5 E 
GE (10 ea) 1.5E5 2.5E5 4E5 G 
NAT (10 ea) lo5E5 - . 2. 5E5 4E5 F: 
AVE L 2E5 ' 2.:2E5 4E5 

5 
OVERALL AVERAGE .75E5 lo:7E5 3.2E5 

NOTES: 
1. The manufacturer and number of devices tested are shown. 

Fairchild (FSC), National lNAT) , Texas Inst+"wnents (TI), 
General ElectriC, (GE) , Motorola (MOT) ~ 

3 

G 
G 

F 
E 

E 
G 
E 

E 
G 
E 

2. The range in r.ads is determined by the intersection of the 
HP-R-2ll transistor gain with the minimwn, average and maximum 
gain vs nose plot., All data is for' Ic .' 100 \.IA. 
Exponential notation is used •. 

3. Curve match refers to the general shapes of, the current 
gain vs collector current and saturation voltage VB 
collector current characteristics of HP-R-2ll and the 
dosimetry devices. The subjective designators refer to 
how similar the dosimetry device characteristics were to 
the HP-R-2ll characteristics; 
E • excllent, ~ ~ good t F = fair, P = poor 

4. The HP';'R-2ll transistor designators are listed, along with 
manufactul"er and measured gain at 100 \.IA. ' 

s. This is the "average ofaveragel:l"'; i.e., all tran'sistor 
types were weighted equally. 
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The dose estimates given in Table 4 must be modified to 

account for transistor annealing and the fact that .the Sandia transistors 

were unbiased during exposure. Transistor gain annealing is character

ized by an initial, rapid partial recovery which is essentially complete 

after the first 1000 hours following irradiation20 • Further recovery at 

room temperature is, for practical purposes, not accomplished. This 

has been confirmed by us by measuring the TMI transistor gains in 

November 1980 arid again in July 1981. ~hese data are presented in 

Appendix B, and they show the gains to be essentially unchanged at the 

end of this 8 month period. The transistors characterized by us, how-

ever, were practically unannea1ed at the time of measurement since 

generally, the gains were measured during the first hour or two after 

exposure. To determine the amo,unt O,f annea1,ing recovery, we measured 

the gains of these transistors in July 1981 to compare with the November 

1980 gains. These data are also in Appendix B •. :Substantia1 annealing 

has occurred. By plotting these annealed points on the gain vs dose 

curves and shifting the degradation curves upwards proportionately, we 

find tha t. the total dose estimates of Table 4 must be multiplied by an 

average annealing correction fector of 1.6. 
. . . . 

The 1iterat~re21 s~ggests that gamma irradiation of NPN tran-

sistors under reverse collector-to-base bias results in substantially 

more damage than if they are irradiated passively. Conversely for PNP 

transistors passive irradiation is more damaging. To check the effects 

of bias Asselmeier exposed 6 NPN transistors to loS x lOS rads under 

three conditions. One group of two devices was passively exposed, one 

group was exposed while saturated with 1 rnA of collector current, and 

one group was exposed with a 10 volt collector-to-base reverse voltage. 

He found that the post radiation g'ains of the reverse-biased devices 

were perhaps 30% lower than those of the passive and saturated devices. 

The TMI transistors g'enerally were switching' between cutoff and satura-
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tion at a 50% duty cycle; therefore, the effects of bias are diminishe~. 

Powered and unpowered tests reported21 on 2N 1613 (NPN), 2N 2102 (NPN) 

and 2N 3799 (PNP) transistors suggest that the dose estimates of the NPN 

transistors should be divided by a correction factor of 3.0 assuming a 

50% duty cycle, while the PNP estimates should be multiplied by 1.7. 

When these annealing and bias factors are combined with the 

values in Table 4, our total dose estimates become 0.85 x 10 4 , 2.5 x 105 

and 5.1 x 105 rads for the lower, nominal and upper values. 

Caveats 

Although we feel somewhat confident about the dose estimate, 

several 'points should b'e made' reg~rding this method of dosimetry. 

1. Manufacturer. It was not possible for us to obtain 

transistors from the same lots of transistors as 

those used in HP-R-2ll. For that ma,t,ter, in the time 

allowed to procure transistors, we were not even able 

to obtain devices, in some cases, from the correct manu-

facturer. We choose to minimize these points, however, 

because of the inherent variability in trausistor 

characteristics regardless of manufacturer. Statistical 

averages become more important than the manufacturer. 

2,. Current level. The colle'ctor current level of 100 lJA 

selected for comparison was not at the HFE peak point; 

however" several comparisons were made at the HFE peak 

point, and the results were similar. 
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3. Energy dependence. The majority of the gamma emission 

occurs in the range of 0.5 to 3.0 MeV. Since transistor 

parameters are affected primarily by the total energy 

deposited as measured in rads, the energy spectrum of 

the source has a negligible effect (except for very 

low energies). Therefore, in this allowed region, the 

Co-60 source (1.25 MeV) is an excellent simulator. 

4. Bias. Transistor gains begin to drop off significantly 

~t relatively low radiation levels. This, and the fact 

that·· saturation resistance is. relatively unaffected, 

indicate that ·surface states aX\;;! responsible for the 

majority of the damage. Bias effects therefore must 

be considered. As stated, we have very little data 

regarding what correction factors should be used. The 

50% duty factor introduces another. variable. The bias 

correction .factors of 3 and 1.7 are only estimates. 

They are, however, in line \'lith our limited test data 

and test data of ot:~~:c.· .. 

5. Annealing. Annealing has occurred in both the TMI 

transistors and transistors characterized by us. We 

have assumed that theeffecits of annealing can be 

linearly extrapolated to lower doses .from the dose of 

3 x 106 radswhere annealing changes were measured. 

We have assumed that essentially all annealing occurs 

during the first 1000 hours, but that none occurred 

during the 1 to 3 hours between measurement and test. 

The annealing co~~ection factor of 1.6 is an average 

applied. to all transistor types equally. 

Ld £ I E, [ .. II &iZkldll 
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c. Elastomeric Degradation 

A polymer is a highly ordered chain of molecules with very 

little degree for freedom of atoms. Radiation acts to destroy these 

molecular bonds. This has the effect of altering electrical insulating 

properties, weight (because of outgassing), and strength. By measuring 

the tensile strength and elongation at the time of rupture and comparing 

with properties of unirradiated material, we can estimate the total 

gamma radiation dose received. 

Teflon and BUNA-N rubber were analyzed for degradation. The 

teflon samples were used as wire insulators on the check source assembly, 

wbich is mounted on the printed wiring board. These two 30 gage teflon 

sleeves were 38 mm long and had 0.292 mm and 0.229 mm ID and nominal 

wall thickness respectively. The type of teflon was not determined 

(PEP or PTFE); however, the difference in post~irradiation properties 

is small. The other material was the. detector lid O-ring. We deter

mined through gas chrorriotography on an O-ring from a new detector that 

the material was BUNA-N (Nitrile) rubber. This was independently con

firmed with Victoreen. The results of data taken on an Instron Model 

1020 tensile testing machine are listed in Table 5. In each case new, 

un irradiated samples from a new detector were compared with those from 

HP-R-2ll. 

Table 5. Elastomeric Degradation 

HP-R- 211 NEW DETECTOR 
ELONGATION FORCE AT BREAK ELONGATION FORCE AT BREAK 

TEFLON SLEEVES 

Sample 1 80% 28.0N (6.3 .Lb) 310% 40.0N (9.0 Lb) 
Sample 2 75% 28.5N (6.4 Lb) 340% 36.5N (8.2 Lb) 

Avg. 78% 28.5N (6.4 Lb) 325% 38.3N (8.6 Lb) 

O-RINGS (BUNA-N) 

Sample 1 245% 32.5N (7.3 Lb) . 245% 45.4N (10.2 Lb) 

Sample 2 290% 36.,5N (8.2 Lb) 205;% . 38.3N ( 8.6 Lb) 

Sample 3 310% 37.4N (B.4 Lb) 205% 41.4N 9.3 Lb) .--
Avg. 281% 35.6N (B.O Lb) 218% 4LsN 9.4 Lb) 



These data show that neither the teflon or the a-ring experi

enced much degradation. In fact, the elongation properties for the ir

radiated a-ring are better than those of a new sample. This is easily 

explained because of lot to lot variations in material. Teflon data is 

sparse because it is not widely used in radiation environments, since 

it undergoes property changes sooner than other polymers. We were for

tunate, however, that the teflon was used in this case, because radia

tion levels were just above the damage threshold. Based on information 

from Etherington's Nuclear Engineering Handbook and CERN - European 

Organization for Nuclear Research's Selection Guide to Organic Materials 

for Nuclear Engineering - 1972, the absorbed dose was nominally 2 x 10 5 

rads. We estimate the dose to lie between 0.7 and 6.0 x 10 5 rads. The 
·6 

a-ring appears to be near its damage threshold of 10 rads. Substantial 

degradation should have been observed had the dose been as high as 10 7 

rads. 
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VI, CONTArlINATION 

A. Summary 

As part of the overall investigation of the instrument, we 

made an effort to identify the contaminants on the detector housing 

and measure their concentrations. Since an electronic failure had 

occurred inside, we were also concerned about preserving any of the 

contaminating elements that may have leaked inside and caused the failure. 

Table 6 summarizes the r~sults of the investigation. Our major findings 

were: 

1. Cesium-134 and 137 and strontium 90 were the principal 

contaminants. No plutonium or uranium were detected. 

2. Top horizontal surfaces contained a factor of 10 more 

cesium than the sides and bottom. 

3.. Reported swipe surveys in the containment building are over 

a factor of 10 lower than the activity on the detector. 

4. Swipe surveys in the reactor building see about the same 

factor of 10 difference between horizontal and vertical 

surfaces. 

5. No contamination or signs of moisture were found inside 

the detector housing, indicating that the seals held. 

6. The cesium-137 actl. -tty on receipt at Sandia was about 

125 ~ci for 128 cm
2 

for the lid and about 73 ~Ci for 709 

2 
cm for the body. 

7. The ratio of cesium-137/l34 was about 6.3/1 during the 

months of November and December, 1980. 

8. Large quantities of sodium and boron were found on the 

detector lid, indicating the unit had been exposed to 

the building spray. 
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The approach
l6 

used to identify contaminants simply stated was: 

A. Get the unit to Sandia packaged in such a way as to 

prevent surface contamination from changing location. 

B. Evaluate the innermost plastic bag that contained 

the unit during shipment for any material that may 

have fallen off or rubbed off. 

C. Oetermine if the contamination levels and types occur 

as hotspots or are evenly distributed on the top, 

bottom, and sides. 

D. Conduct a complete evaluation of the outside before 

opening the unit. 

E. Remove a sample of the inside environment before 

opening the lid in the event a gas was still 
. . . 

present from the building overpressurization. 

F. ·Oetermine if any containment building spray chemicals 

had reached the detector. 

G. Archive the detector lid in a condition where it is 

close to its in situ condition. 



TABLE 6. 
RADIOACTIVE ANALYSIS HP-R-211 AREA MONITOR HOUSING 

1:1 

CONDITION 
CS-137 CS-134 i OTHER 

ARfA TOTAl PER AREA TOTAL PER ARFA TOTAL ISOTOPE 

cm2 1JCi 1JCi/cm2 1JCi 1JCi/cm2 1JCi . 

AS BECEI~ED 
LID (w/o label, ring, 

lin2 of Paint) 128.3 -86.0 0.670 

.. VICTOREEN ALUM . LABEL' 11.89 28.S 2.422 

,::; CONNECTOR THREADED 
RING 65.S5 4.46 0.068 0.567 .00S6 0.11 Sr-90 

Not Det. Telluritm 
<0.002 Plutoniun 
Not Det. Uranium 
«10 ppm 

PAINT REMOVED (est.) 6.4.5 ,5.67 0.879 

TOTAL LID il2S.3 -124.9 0.973 

BODY (est.) 708.5 65 to 7,5 0.099 ave 

PLASTIC ID LABEL (est.) 15.94 1.64 0.103 

PAINT REMOVED (est.) 12.91 1.2S 0.099 

TOTAL BODY . ~08.5 68 to 78 0.103 ave 

836.8 
~ 

TOTAL LID & BODY ,193 to 203. 
.. 

AFTER HANDLI NG FOR 
EILM & CIBCUII ~QBK 

LID (with label, Ring, 
etc. ) 1128.3 l1S.2 0.921 

BODY (with labels & 
no paint removed) ~08.5 42.2 0.060 

BEFORE DECON 
(w/o labels, etc. ) 

LID l2S.3 79.3 0.618 

BODY 70S.5 39.3 0.055 

-8 Rat~o Ces~um 137/134 - 6.3/1 (range 5.S to 6.8) except on connector r~ng. 
.. Evaluated by Los Alamos National Lab - CMB-l 
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B. Shipment to Sandia 

A major concern was that of transporting the unit from TMI to 

Sandia. We felt that rough handling could alter the state of the 

circuits and devices inside as well as tend to redistribute or remove 

the contaminants. The unit was packed as shown in Figures 27 and 28. 

A wood cage was fabricated to hold the detector inside to prevent its 

rubbing the cage. This was accomplished by using standoff screws that 

were modified to remove the sharp points. Where the screws contacted 

the unit outer bag, tape was applied. Nine screws contacted the sides, 

and three each were used on the pottom and top. The bottom cover had 

five shock indicators attached. They were threshold accelerometers 

that trip when the threshold has been exceeded. We attached 40g, 60g, 

80g, 100g and l50g indicators. (A 50g indicator attached to the inner 

box of a double-boxed 27.2 kg [60 lb.] piece of equipment with hard 

foam corners for its inner carton support, will be tripped when the total 

package is dropped from a height of 45.7 cm [18 inches] onto a concrete 

floor.) At the time the unit was packaged it was thought that lead 

would be used around the inner box. The entire structure was put in 

plastic bags and then into a cardboard box padded with paper towels 

and "popcorn" packing material. The cardboard box was put in a 55-gallon 

drum and insulated with more "popcorn" and styrofoam. However, no lead 

shie'lding was used. On removal at Sandia 'none of the shock indicators 

had tripped and no detectable contamination had breached the innermost 

plastic bag. 

C. Inner Bag Evaluation 

Another indication of the influence that the transfer, had on 
. . . . 

the unit was the innermost .plastic bag contamination levels. The bag was 

evaluated for gamma radiation using gamma spectroscopy. The principle 

contaminates werecesium-134 and cesium-137, which totaled 0.67 and 4.0 



FIGURE 27. Detector·Shipping Cage. 
The wooden cage was used 
to transport 211 from 
TMI to Sandia. It re~ 
duced the redistribution 
of the contamination. 

FIGURE 28. Shippi~g Shock Indicators. 
Five shock indicators 
were attached to observe 
whether there were shipping 
and handling abuses. 
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microcuries respectively. This represented about 1 percent of the 

total activity that was remaining on the detector. 

D. Contamination Hotspot Identification 

Before proceeding with the gamma spectrum analysis and the 

electrical investigation, film exposures were conducted on the entire 

detector housing. The purpose of conducting the exposures was to 

determine whether the activity was from uniform plateout or whether 

the contaminants puddled and dried. The film indicates the latter 

case took place. There were no efforts made to quantify these hotspot 

differences through photodensitometer measurements. The pictures 

in Figures 29 and 30 illustrate these variations. The negative with the 

hole in the center is that of the lid while the other is that of the 

bottom. Figure 30 illustrates how the film was placed. Type M film 

was used on the lid and "M" on the bottom. Type M film is four times 

slower than "M" I film; and, consequently, the dark spots, although they 

may appear to be from about equal source activities, indicate at least 

four times more activity on the lid. The lid picture (Figure 29) 

illustrates that the activity in the region of the aluminum Victoreen 

label is higher. Pictures of the sides and bottom illustrated that the 

activity was mostly uniform. There were spots on the bottom that 

indicate water may have run down the sides and formed a drip release 

point. As it dried it became a point for concentrating radioactive 

isotopes. For all film work, the detector was wrapped in a single poly 

bag. This prevented contaminating the film. The bag was 0.00445 cm 

(0.00175 inch) thick and represented a beta particle "range" of 4.8 mg/cm2 

(Figure 31). All film used was Kodak types M, M, and single coated R 

with 0.0267 em (0.0105 inch) of orange paper with a black poly coating 

sandw.iching the film. The black poly coating was about 0.00635 cm 

82 

(0.0025 inch) thick and represented a beta particle "range" of 7.1 mg/cm2 • 

Dark spots on the film were primarily from beta exposure. Todemonstrate 

the contribution from gamma, a set of exposures were made using 0.159 cm 



FIGURE 29. Film Negative of Detector Lid. 
Illustration of the variation in beta activity. 
Dark area was over the Victoreen label and light 
rectangular .:ireawas a position tag. 

FIGURE 30. Film Negative of Detector Bottom. 
The dark spots identify areas where contaminated 
liquids probably concentrated and dried. 
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FIGURE 31. Film Located on 
Detector. 
Typical arrangement 
of film location on 
top. 

FIGURE 32. Lead Shield for Beta 
and Gamma Discrimination. 
Lead, 0.159 cm (1/16 inch) 
thick, was used to 
determine whether hotspots 
were beta or gamma 
radiation. 



MM.JJJI!! 12 

(1/16 inch) of lead between the detector and film (Figure 32). Film 

exposure fogging (background) was about the same with or without lead 

when using the same type films a!ld exposure times. There were no 

noticeable shaded areas. This indicates that the film "hot spots" were 

primarily caused from beta radiation. 

It was evident from the film work that horizontal surfaces 

(the lid, the mounting bracket ledges that were facing up during the 

accident, and the gussets between the mounting bracket legs) were 

the chief contributors. These ledges served to trap the contaminated 

liquids that later dried and plated out. Close observation of the 

original film negatives showed that in the areas where the plastic bags 

had several folds the increased thickness was enough to further attenuate 

the beta particles. 

E. Contamination Levels and Type Identification 

After completing two sets of film exposures, we examined the 

detector to determine the gamma emitting isotopes and their concentra

tions. 'rhe detector housing was studied at Sandia Laboratories using a 

gamma spectrometer, while radiochemical analyses of an aluminum label 

and connector were made at Los Alamos National Laboratories. Table 6 

summarizes our findings. 

Using a solid-state Ge (Li) detector to survey the housing, 

we were able to detect on.ly cesium-134 and cesium-137 isotopes. '1'.0 

quantify the activity levels the detector was rotated through six 

different positions (top, bottom, and four side positions 90 degrees 

apart and measurements were made at each position. The physical size 

of the detector also introduced some geometry problems in counting. 

The uncertainties in counting shown in Table 6 are a result of some 

shielding by the apparatus that supported the unit above the detector. 

The labels, a 6.4 cm2 square of paint, and the connector shell were 

removed before determining that this problem existed. We have, 

£ 2 • 
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nevertheless, been able to determine within some limits the original 

activity on the unit. 

In order to expedite our effort, the labels on the detector 

\\Iere removed along with the mating connector pieces at the top. These 

were sent to Los Alamos for analysis. Figure 33 shows the detector with 

the labels removed. The top label was an aluminum Victoreen label held 

in place by an adhesive. The side label was a plastic TMI identification 

label held in place by two screws. Figure 34 shows the major items 

removed. The analysis of the Victoreen label supported the film work 

results. Its cesium activity was about three times higher than the 

rest of the lid. A reason for this may be that some of the contaminants 

were held in the adhesive beneath the label. The hand probe measure-

ments verify this to some extent. The connector ring was the hottest 

gamma-emitting item sent to Los Alamos (7 mR/hr vs 3.6 mR/hr for the 

Victoreen label), but it had a much lower cesium activity than the label 

(4.46 vs 28.8 ~Ci). Costs limited identification of all the isotopes 

present, but for our purposes in determining an approximate total activ

ity, ceshun-134 and 137, as well as strontium ;90 "were found as the 

principle contaminants. No plutonium or uranium were detected. 

Perhaps the most significant findings were the relationship 

between horizontal 'and vertical surfaces. The lid had a cesium activity 

a factor of 10 higher than the sides pe'r unit area. The top had a 
.. • . ...' 2 . ... ·2 .' 

esium-l37 activity of 0.973 ~Ci/cm vs 0.103 ~Ci/cm on the sides. 

Table 7 gives the published resu1ts17 of swipes in the area where 

HP-R-211 was located for comparison. 



FIGURE ;;. Detector with Labels 
Removed. 
A picture of the , 
detector showing how 
the labels. were ' 
attached and the 
overall condit,ion .. 
of the detector. 

FIGURE;4. Labels and Connector 
Parts. 
Parts that were 
removed for isotope 
and chemical contami
nant evaluation. 
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TABLE 7 

Results of Swipes, HP-R-2ll and Surroundings 

JULY 23, 1980 ENTRY 

Floor in front of HP-2ll 
Wall by HP- 211 

AUGUST 15, 1980 ENTRY 

Floor under HP-2ll 
Swipe of HP-2ll itself 3.lxlO-5 

0.066 
2.2xlO-4 

0.100 
9.8xlO-5 

0.407 
1.6xlO-3 

These values indicate that the swipe surveys are low by over a factor 

of 10. This is to be expected because of the difficulty we had in 

decontaminating the unit. These swipe surveys and others also reflect 

the ratio of 10:1 or higher between vertical and horizontal surfaces. 

F. Internal Sampling and Findings 

Following the initial evaluation of the unit exterior and the 

electronic investigation and calibration, the detector was prepared for 

opening. A 3.81 cm (1.5 in.), 18 gage syringe was inserted through the 

rubber in the connector to remove a sample of contaminants that may have 

leaked into the unit when the containment building underwent its pressure 

excursion (s). Figure 35 shows the operation. There was no internal 

pressure, as it would have been apparent with the ejection of the syringe 

plunger. Likewise, there was no obvious vacuum because the syringe 

withdrew with no undue f.orce. Three gas samples were removed in this 

manner and immediately inserted in 10 cc serum-separator tubes. No 

measureable levels of radiation were detectable through the glass serum 

tubes « 0.01 mR!hr). The screws were then removed from the lid and the 

unit opened. Swipes were immediately taken on the circuit board and the 

housing interior walls. Beta radiation levels were slightly above 

background and considered to be from the opening operation. An inspection 

of the circuit board and interiors showed no sign of moisture, .runt:, 



FIGURE 35. Internai Detector Sample Removal • 
. ActuaL photograph of the first sample 
being removed from inside the detec;tor 
prior to removing the lid •. 
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oxidation, or mildew. We did have a problem in separating the lid 

from the unit body. A crust had formed almost all the way around in 

the region of the a-ring seal. The a-ring was highly contaminated. 

G. Non-radioactive Analysis 

In the process of developing a scenario for the radiation 

time history plot, it became obvious that during the time period the 

containment building sprays came on, all the radiation monitors in 

the building reacted. The reaction could have been caused by the 

high temperature or the building pressure that preceded the spray. 

However, because all detectors (located in different areas and floor 

levels) reacted at the same time it is not very probable that the drastic 

upturns followed by some failures were caused by temperature, since the 

hydrogen burn did not evidence itself throughout the building. The 

highest temperature was at the 353 foot level and was approximately 8SoC 

(1850 F). Building pressure did not affect the 211 detector as described 

above since no contamination was found inside the unit. To determine 

for sure whether the detector had been sprayed, analyses were run to 

determine if there were any traces of sodium or boron. Scanning 

electron microscopy (SEM), energy dispersive spectroscopy (EDS), and 

X-ray diffraction (XRD) analyses were done at Sandia on the electrical 

connector. Because of the predominance of other elements, neither sodium 

nor boron could be found, however, the presence of calcium indicated that 

hard water had contacted the connector. The aluminum Victoreen label, 

which had been removed from the detector lid and sent to Los Alamos 

along with other items, was analyzed for sodium and boron. This was done 

by leaching a sample with purified water and chemically analyzing the 

results. This proved conclusively that the detector had been sprayed. 

The results are shown in Table 8. 



Table 8 

Aluminum Victoreen Label Analysis 

NaOH 1.25 microgram 

Na 2S3ON .s 1 microgram 

Boron 0.25 milligram 

Sodium 1.56 milligrams 

Cs-137 28.8 microcuries 

,Appendix C contains the complete documentation concerning these analyses. 

H. Archiving 

As part of our original objectives, we determined that 

some items should be archived in the event that some questions may 

arise regarding ,ctivity,decontamination •• tc. The entire detector 

lid, less its aluminum Vic~oreen label and one, square inch,of paint, 

were stored. None of t,he paint scrapings, connector parts, the internal 

atmosphere samples, or the plastic label plateirom the detector body 

side have been analyzed., Lac,kof funds, and time have prevented these 

analyses as well a~ a complete investigation of the films exposed to 

, characterize the hotspots. 
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VI It DECOUTArlINATION 

All the decontamination (decon) work was done on the detector 

body. As previously stated, the lid was preserved for future information. 

The information that exists at this time indicates that the contamination 

and consequent radiation levels prevent sending teams of people in to 

scrub and wipe down the building and its equipment. Our approach, there

fore, was to analyze decon methods by simply applying a solution, rinsing 

it, and determining its effectiveness. There are some limitations that 

must be applied to properly interpret the results. Some results are 

tabulated as "percent decrease"J this is a comparison to the previous 

activity and not to the starting activity. The more contamination that 

is removed the harder it gets to remove the remainder. Because of this, 

a heavier weight should be applied to the methods used at the end. This 

is the first painted item that was removed from containment and repre

sented the most relevant surface to decontaminate. It has a gray paint 

on a rough cast aluminum surface. 

Table 9 summarizes the efficiencies of the various decon steps. 

Handling was considered to be the first step. It is significant that 

about 44 percent was lost. through the handling required to conduct the 

film exposures and to make electronic measurements. Throughout these 

exercises care was taken to reduce rubbing, but a significant quantity 

came off easily. 

Five different decontamination methods/steps were performed 

and, in four out of the five steps, it was a liquid lightly sprayed onto 
, 

the detector body. A 500 mL squirt (wash) bottle was used to apply the 

solutions and to rinse them off in the manner shown in Figure 36. The 

nozzle pressure was controlled by hand squeezing and was limited to 

,9 
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TABU 9 
IlECONTMIHATlOl 

HP-R-211 AREA ftONITOR 
IIOTES: (1) DecontaainatiOO vas conducted only on the detector body. 

12) lIfIprOaCh: No scrui>binq, 1"", velocity spraying only. 

(1) .. tio of C&-lll to Cs-l14 vaS about 6.3/1 in OCt. thru DeC. 1980. 

(4) calculated.based Oft relative .position ~asure.ent. 

. IECONTMlHATlOl STEP 

'AHMA SPEC. ANALYSIS 
(4) 

Activity lea-ll7) pC -~ • en! 

Percent oec~ per S tep 

t ~. Reducti_Pen:eD 

.... sh 10 \liJ>se Solutiot> Ac t.
lea- 137 

pCi) 

&ETA - ~ PttOBE 

BeU 

c
.. tio (BeU to c-

("1/9' 

I 

p (hotJlpot) 

) 

Percent DeCr_ per Step 

~. RedDCti...-Percen 

Beta/c- ("¥'I) 

Beta/c- (bot:JlpOt) 

Peak to Avq .. t:LO 

lleta/~ 

t 

LID odIad/h:c-(1IO labell

lleta/~ 

Avq 

AS \8EFORE DECOIII 
RECEIVED IWIDLIII6 

~ -10 ~ n.3· 

-u 

-

20.5 

1.3 
6.2 

98.2 

7.9 

12.4 

-
.. , -

0/0 

010 

4.8/2.4 -. 

254/19 

:;~~ SPRAY" 
L~~SS 

~ ].6 ~ 10.1 ~ 18.9 

U.S 10.5 31.3 

14.5 23.4 52.0 

1.63 2.U -

17.1 16.4 9.6 

2.8 2.5 1.5 

6.1 6.6 6.4 

80.0 71.0 46.2 

6.6 5.9 3.4 

12.1 12.0 13.6 

11/15 4/11 41/40 

19/16 11/11 35/42 

17/1S 20/24 53/!>5 

19,(16 28/25 53/57 

4.7/2.4 4.3/2.4 4.8/2.3 

T1JRCO 4!>J.~~_ 
1/2 HR. SOAX I i""uLRU!~ 

No Data 
NoDilY.--
,-- 10.1 

No Dilta 46.2 TOta 

No Dilta 14.2 TOta 

- -

5.6 4.4 

0.98 0.76 

5.7 5.8 

26.4 15.7 

2.2 1.5 

12.0 10.5 

U/J5 21/22 

43/35 41/32 

73/70 79/77 

11/72 84/81 . 
4.7/2.2 3.6/2.0 
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VI I I DECOIHArlINATION 

All the decontamination (decon) work was done on the detector 

body. As previously stated, the lid was preserved for future information. 

The information that exists at this time indicates that the contamination 

and consequent radiation levels prevent sending teams of people in to 

scrub and wipe down the building and its equipment. Our approach, there

fore, was to analyze decon methods by simply applying a solution, rinsing 

it, and determining its effectiveness. There are some limitations that 

must be applied to properly interpret the results. Some results are 

tabulated as "percent decrease", this is a comparison to the previous 

activity and not to the starting activity. The more contamination that 

is removed the harder it gets to remove the remainder. Because of this, 

a heavier weight sh, 'lld be applied to the methods used at the end. This 

is the first painted item that was removed from containment and repre

sented the most relevant surface to decontaminate. It has a gray paint 

on a rough cast aluminum surface. 

Table 9 summarizes the efficiencies of the various decon steps. 

Handling was considered to be the. first step. It is. significant that 

about 44 percent ,was lost through the handling required to conduct the 

film exposures and to make electronic measurements. Throughout these 

exercises care was taken to reduce rubbing, but a significant quantity 

came off easily. 

Five different decontamination methods/steps were performed 

and, in four out of the five steps, it was a liquid lightly sprayed onto 

.the detector body. A 500 mL squirt (wash) bottle was used to apply the 

solutions and ·to rinse them off in the manner shown in Figure 36. The 

nozzle pressure was controlled by hand squeezing and was limited to 
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TABlE 9 
IlECONT MIlIA TI ON 

HP-R-211 AREA ~ITOR 
IIOTES: (ll Decontaainatioo vas conducted only on ,the 'detector body. 

12) Approach. NO scrubbing, low velocity spraying only. 
(3) Ratio of Cs-137,to Cs-13. vas about 6.l/l'in Oct. thru Dec. 1980. 

(.) calculated,based _ relative poSition,.easureaent8 

IECOIHAI'IIIIATlOII STEP 

~~ SPEC. A~LYSI5 
(.) 

Activity (ca-ll7) ~e: ~ 
Perc ... t 'Dec"""'" per step 

t AcCIa. lItOducUoo-l'erceD 

llash • RiAM Solution Ac 
t.(CS-137 

.. ei) 

BETA - ~~ PROBE 

lIRad/hr ~ter DeeOR Step 

Beta 

ca

Ratio (Beta to ca-) 

(Avg) 

lIRad/hr ~ter DeeOD Step I)Iotspotl 

) 

Percent Deerease per step 

aeta/ca- (Avg) 
BetA/ca- (hotSPOt) 

Accua. Re<\uction-Percen 

BetA/ca- (Avg) 
Beta/GIl-.. lhotspot) 

Peak to Avq Ratio 

Bau/ea

t 

LID IIlIad/br- (no 140011-

Bata/Ga-.. 

Avg 

AS , lBEFORE DECOIU 
RECEIVED IWUlLIII6 

~ -70 ~ 39.3 
'~ .. 

-
-

:Zo.S 
l.l 

6.2 

98.2 

7.9 

12 •• 

-
-

0/0 

0/0' 

, •• 8/2 •• 

25<1/19 

;~ 1IIC~~:r I.U;T~:>:' 

~ 3.6 ~ 30.1 ~ 18.9 

U.S 10.5 37.3 

U.S 23 •• 52.0 

3.63 2.69 -

17.1 16 •• 9.6 

2.8 2.5 1.S 

6.1 6.6 6 •• 

80.0 71.0 .6.3 

6.6 5.9 3 •• 

12.1 12.0 13.6 

17/15 ./11 41/ .. 0 

19/16 11/11 35/.2 

17/lS 20/24 53/~5 

19/16 28/35 53/57 

•• 7/2 •• •• 3/2." ... 8/2.3 

'1/K21.~!:1~~ l-HR SOAA 

NO Data ~ 10.1 

NO Data .6.2 TotA 

JIO Data 74.2 Toul 

- -

5.6 ••• 
0.98 0.76 

5.7 5.8 

26 •• lS.1 

2.2 1.5 

12.0 10.5 

U/35 21/22 

43/35 <11/32 

73/70 79/11 

73/12 . U/81 

... 1/2.2 3.6/2.0 



FIGURE 36. Typical Decon WaAh and Rinse Operation. 
Demonstration of the method used to apply 
the wash -solutions or rinse water. . . 
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prevent splashing the, contaminants beyond the catch beaker rim. The 

third dec on step was low pressure steam. It was an attractive choice 

because it appeared that after the first two washes, the activity was 

imbedded in the paint and higher temperatures might liberate the 

contaminants. The objective was to apply the steam at a low temperature 

and pressure and at the same time keep the nozzle velocity to a minimum. 

An advantage to the use of steam is that it keeps the quantity of liquids 

to a minimum thus reducing handling problems. 

An extension of the loss due to handling was the first 

decontamination step using a 500 mL potable water rinse. It was felt 

that the loosely-held contaminants would come off with this small 

assistance and would indicate a separation between the more easily 

removable from the tenacious. About 50 percent of the initial 

activity remained after this step. The table, however, illustrates 

this as the first decon step with a 14.5 percent reduction. The water 

was later reduced to 450 mL and put in a "Marinelli Beaker" for 

measurement. The gamma spec analysis showed that 3.63 ~Ci of Cs 137 

was removed. 

A commercial laundry detergent (Tide™) ~'ras usec't next, mixed at the 

ratio of 2 teaspoons per 500 mL of warm water. After the spray wash the 

surface was drip dried for 5 minutes and then rinsed with 500 mL of cold 

tap water. A surprisingly small 10.5 percent reduction was accomplished 

with this method. Both the wash and rinse waters were collected and 

concentrated (by boiling) to 450 mL each for measuring. The total Cs 137 

removed was 2.69 ~Ci and the reduction closely coincided with other measure

ments. No further solutions were evaluated following this step, since our 

instrumentation methods closely agreed with the solution measurements. 

The detergent spray step indicated that the remaining activity 

was firmly embedded in the paint and possibly in the aluminum. 

Liberation of this activity by elevating the temperature, using steam, 

was the next step. A commercial engine cleaning and degreasing steam 

44$· 
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system was used. A number of problems were encountered in getting 

the stearn temperature and matching pressure low enough to use. We 

estimate the pressure to range from zero to 5 psig. The stearn was 
~ 

puffing from the end of the nozzle and had no significant velocity. 

A 37 percent drop in the activity level from the preceding step 

was accomplished. As stated earlier, stearn has some advantages in that 

it requires less fluid. An alternative method may be to elevate 

the temperature through the use of an oven followed by a warm water 

rinse. For the in situ case, where the reactor containment building 

is too radioactive to permit adequate time for personnel to enter and 

decon, another possibility exists. Allow the building temperature to 

rise to around 930 C (2000 F) and turn on the·· building spray system for some 

short period·of time.· Although this appears drastic, it would probably 

reduce the levels to the point where "stay times" allow other decon

tamination methods to be used. 

Contact with TMI and Bechtel personnel about our results 

suggested the final two decon methods used. At the request of R. C. 

Hudolph andD.Giefer, both. from, Bechtel, we sprayed the detector with a 

commercial product they supplied. It was a phosphoric acid chemical 

(both chloride and fluoride free) identified as TURCO 45l2A~ The instruc

tions were to spray a 10% by volume solution and let set for 15 minutes. 

The solution temperatures were to be 600 to 660 C (1400 to l500F). Two 

tests were conducted using the TURCO solution but with some modifications 

to the method recommended. ·Following the wash of the first test it was 

allowed to set for 30 minutes before being rinsed. In the second test the 

soak time was 1 hour. Both were approved by Giefer. The total wash 

solution in each case was 500 rnL and a rinse with 750 mL and 500 mL. All 

solution and rinse temperatures were at 570 C (1350 F) at the start and 

about 52 0C (12SoF) at the end of spraying. The first TURCO decon step 

reduced the average activity about 40 percent and the second another 
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20 percent. At this point the levels on the detector were so low 

(average beta 4.4 and gamma 0.76 mRad/hr) that any further testing 

would not be warranted. 

In conclusion, it can be stated that the contamination has 

migrated into the paint and will require repeated applications of a 

selected decon method. About half of the contamination is loosely 

tied, and hotspot zones do not tend to decon faster as a result of 

blending but drop at the same rate as the average. 

Decon Measurements 

Two methods were used to determine the effectiveness of the 

decon step. Gamma. spectroscopy .was used to keep track. of the. 

relative drop in activity as well as an intermitte.nt check of the 

actual changes in activity. The solutions used to wash and rinse for 

each step were collected but only in the first two steps were they 

evaluated. They were al.so used ·as a check on tl)e measuring systems. 

The se.cond .method used .to evaluatte the decon effectiveness was a 

portable beta-gamma instrument.. The p,ur£,iose for this was to. determine 

whether the "hotspot" areas on the detector dropped faster (easier 

and faster to decon) or whether the hotspot and average areas 

dropped by the same percentage. We found that the latter case is 

what took place from beginning to end. The garnrna:-spec analysis gave 

an overall point-source presentation of relative changes and total 

activity differences, while the hand probe was able to follow relative 

changes of hot spots and general area as well as present a true contact 

dose-rate in millrad per hour for both the beta and gamma source 

activities. The principle contaminates were cesium-134 and 137 emitting 

beta and gamma, and strontium 90 emitting only beta. 

2 MiJXZZi_ 
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A swipe was taken from a bag that had contained the detector 

in order to generate a calibrated "absorption curve" for our probe 

aqainst the type of activity it was to see. The calibration also 

considered the fact that all readings were to be done through a single 
2 plastic bag having a "range" or "absorber thickness" of 4.8 mg/cm • 

This combined with a probe thickness of 30 mg/cm2 for a total thickness 

of about 35 mg/cm2 and translates to a "transmission" of 30% or a beta 

correction factor of 3.3. A calibration of the Eberline HP-270 probe 

connected to an Eberline "Rascal" ratemeter-scaler model PRS-l and an 

NBS certified Cesium 137 source produced a conversion of 1400 CPM 

(counts per minute) per millirad/hr. To determine the dosA rates the 

following equations were applied: 

mRad/hr (Beta) 

mRad/hr (Gamma) 

Open Window (CPM) - Closed Window (CPM) = - 1400 X 3.3 

= Closed Window. (CPM) . 
1400 

Appendix D contains some of the actual data sheets from the 

hand probe measurements. A total of 44 locations were selected for 

measurement initially. This was later changed to 28 positions with little 

effect on the average values. Table 9 is a condensation of all the work 

done in decontaminating the detector body. The bottom line of the table 

provides hand probe measurements made on the detector lid only for 

comparison, since it was not decontaminated. .The hotspot contact beta 

dose rate was on the aluminum label and .read about 1 rad/hr when 

received at Sandia. 
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APPENDIX A 

Stripchart Information 

Appendix A contains miscellaneous documentation used to 

understand the HP-R-2ll stripchart recording. 

Contents 

1. Channel 8 vs Channel 9 discrepancy and HP-R-2ll 

calibration prior to accident. 

2. Maintenance record; HP-R-2ll calibration prior 

to the accident. 

3. Health physics gamma rate measurements at full 

reactor power. 

4. Gamma rate maps as measured during manned entries 

1, 2 and 3. 

5. HP-R-21l stripchart near the time of the hydrogen 

burn and sodium hydroxide spray_ 

4! 
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"r. trank T'hoM 
Division 4445 
Sandia National Laboratory 
P. O. Boll 5800 
Albuquerque, Nl'I 87185 

near Mr. TholH: 

MoI,,,,,,,,I.n (dlton eo........., 
POOl 011 ie. eo. 480 
MtddltlO_. Ptnn.yI •• nil 170&7 
711944<11041 

22 October 1980 

1-80-242 

A copy of the .Three M11. Island Unit 2 !tolagical Shield Survey (TP 80013) 

test results are attached per·you.rreque.t.·. Al .• o· a.ttached are a complete set 

of marked-up drawing. indicating the approximate location where the radiation 

readlngs were taken. 

AI discussed ln the phone conversatlon between.yourself and John tnnt, 

problems wlth water evaporation from the movable shleld tanks around the reactor 

vessel flange area effected. the .tlleaaured neut.ron dose rate. A amall effect 

on the gamma dose rate would also be expected'. .The data recorded at 40% full 

power. indicates the relative magnitude of the problem when compared to the 

data ob~ained at 100% full pover. This problell\ still existed on 28 March 1979. 

If "e ca'n be of' 'any further aliai~tance. plea.e feel fre .. to contact u •. 

TMH/JH'/do 

AttachlDenta 

eel J. A. BrUmmer. without attachment 
. G. P. Miller, without atUchlDent 

Correspondence 'l1e . 
Central 'Ue 

;Sincerely Yount 

.?~ 
T. "I. Hawkin. 
Superintendent, Startup and Te.t 

A. l\GlAiG'J4¢ a 



3.2 

t 

~. 

'-" 

-a...., 

POS. 19,20,23,24 ARE 
ON OUTSIDE OF D-RING 
WALL ACROSS FROM DETECTORS. 

IIOLOOlCAJ. SIlIELD SURV£1' 

ld. Stop 9.2.1 

lEACTOIl PQI.'E1U 0% 

POSITlON IIOSE MEIISUKEMEIIT I NSTRUMENl' 

tnl'1it,. II, lI~a_v'r N\1111lEn. IlUMIIEltS ... ,( .. ' .,. 
19 c.a 4.. fr I AJ~ _" :~,f~ 
20 

<.~ c.S" R/).2 -tI'I13 
21 .... ,~ 4. .'$" 

22 ~.J... 04 • S" 

2J 4.,. "".6 
24 .4.)'" '" • '5' 
25 c.ol. ... S' 

26 ~.;t "'. S" 
27 < . .::t .... S" 
21 '" ... ",-.r 
29 ..r.~ .... G 
30 "'-.~ "".0( 

31 .... ~ 4. ,S" 
32 4'~ -<. S'" 
33 oIC • .::t "'.~ 
34 

"'.~ 4,5' 

35 <.ot ..r.. S' I 
36 .(,:::t ".b- YJ 

DATA SHEET 1 
Palla 2 of 3 

OFflCIAL fiELD Copy 

Dupll~ate Page 0 

TIME DATE DATA TAK!Il 
IlIlllALS 

~41r "·f- 7 ! t l/J1., 2:kJt. 
r 

I 

I 

\ 

I 
'V 

\ ._. 

Ii 

I .-~-~ 

\ 
\ 

" 
TKt VIIIT It 
TI' 800/3 
Effectivo P~Aa 0 
Pasa 17 

I 
I 
~ 

'f 

105 

a . IS a.&sa 2L2! 22 6 . iLL t£21& 



3.3 

\ 106 

J 
E .. L 

¥\
\4\' • 
'1. " -

-, 
j 

BIOLOGICAL SHIELD SURVEY 

Ie,. St~1I 9,3.1 

aUctoR rowEll.: 40% 

POSITION DOS! KI:::ASURI::MElfl INsnUlI£lff TIME 

IfUKIIER. 

"::r~ :~ ,~~~ NIJHIEI!.S 

19 0./' /.5 
x rl\(-I -~:i'f 

Pi.' 0 1- 1L ;,;.". pf.e-

20 ~t'. / /.0 I 
21 (J./ /, I) I 
22 ~()./ 0.5 /. I 
23 t1.;;" CY.'1I;~ I I 
24 ~,.-/ cJ,{) I I 
2S q.O 50 I 
26 7.0 025 I I 
27 IZ /()7J I , 
28 /J! L~ I I 

. 29 . '7 ~'5 I I 
30. <;: ...3l> , I I 

II 7-5 ! I 31 I 
32 <:0./ I ' , I ! ! 

33 <:0.1 
I I .:: I I , 

34 <0.1 ..::1 

:15 ..:: 0.1 ..:::/ 
I i I 

36 -< 0./ <I .; " 

Duplicate Page. 0 

DIITE DATA TAUI!. 
INlTIAU 

IfiI • .2.,f "' .. ~ .... KL"\ 

I 
I 
I 
I 
I 
I 
I 

I , 
I 

I I 
I 
i 

I I 

i 
I , 

V V 

THI UlfIT n 
TP 80013 
Effccc1vo,'4,.0 
'o,e 20 

xu 



3.4 

I 

~. ',.p •. 4.1 

IIOUlCICAL SIIIELD St/RYET 

REACTOR rOWER: 1001 

t 

POSIt lOll DOSE tlEIIsUlllllEl1t INSTRIIHEIIT TIME 

lMIDtR y Mtt 

""'IIL 
19 I. e. i 

20 -,;) 

21 -I~ 
22 

., 
.:> 

23 .3 
24 .1 
25 Ie. 
26 7 
17 I, 
18 -20 
29 1 
30 fs 
31 1-:; 
32 £, I 
33 ',.' 
310 ,.10 

" ~.I 
36 -<;. , 

DATA SHElt 3 
,.... 2 of 3 

,,,MRtM/Ar tnlKlIERS 
..., •• 2 •••• 

, ' 

t?.S- [f''''~ " J~'" t.; ; '," . c:'\ , ...,-;.: /'ir;" I • 

I.i: 1 
I 

,.3 , 

.. i! 

.7 

~'e. j 

Llo 
2e.. 

i.t.oD 

75 
C!O I 

.31 
~-O 

0 
0 

0 

0 
0 ,J ',1 

OFFICIAL FIELD COpy 

Duplicate Paqa 0 

..... 
I 

DATI DATA TAXn 
INITlALS 

, 

t;;/: -::~)t 
'. ,..Ct,L . 

r, f..' 
. " " C._ 

;;./' 
. f_' 

" 
I 

/I~ . , 
~~y'-

I.' /.,' 
~:!:: . , 

;~I-

:"'1.. ' 
, -
?/'" 
~Y 

. 
~\ 

.t£ 
h/ 
" , 

,))~ 
~, 

....... -
:,:':1/ 

):,'/ ~ .. 
\.I i l .-

:/-

TMI UNIt 11 
'1" BOOI3 
Iffoetlvo rAeO 0 
' .... 23 

I 

107 

~","~,_, __ ~~ __ ~,~ ______ :"-____ "-__ ... J"" __ "" ..... ___ , ... , .... _ .... __ 



108 

41. _ t #4 

4. 

.. 

" 1 

, , 

t £ a £" 

v ').1 .... .. 

, 

j 11 diEd], 



5. 

-,-, -,'.-

; . 

" 
~, , 

- :_-::,.---"" _ ... _ .. 
,-. ""::= .. :=---
.... w::-._....=:;.... 
-l 

"-1+-

... .. ~ . 

. I 

-.- .. , -, 

~ to.. ~." ....... I 

-.... , 

, , 
1 r' '" . I ' I -¥:-~ ... ~ 

. I ~ I t I -'~ tr' 

.__. I ~\ 1<""'1'" '. 
- . -- 1--._ it . ". .' .. :' 

I _.-
I • - I 

_ ; i ," T--
1 

;-_.- .. u_j\,J ! - -. 

. ..;.... 
~- .. -

_.---1 ". , .. _ .. 
(\ 

.~ ..... --
-f 

'" _. t ' f" .. 'I:f 

I. 
! 

~1- -~ 
1_,,· 
I 

I 

9. I, 
_. '-L, . _ ~r-

, .- .. -

~'\" .~ _._ .. _~_r~"\. . 
. , ~ _I c) -:" : 
., ~ I I' . 

~ . . i I 

~~~.~~=~~ ... '. ~ 

109 

- '---.--~- --



INTENTIONALLY LEFT,BLAN~ 

110 

- a 2 2 £ 



APPENDIX B 

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 

Co 60 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-2ll. The number of devices 

of each type as well as the manufacturer is listed on each graph. 

Contents 

1. Graph, 10 ea. 2N-3565 NSC 

2. Graph, 10 ea. 2N-3565 FSC ~ 

3. Graph, 2 ea. 2N-3903 FSC 

4. Graph, 10 ea. 2N-3903 NSC 

5. Graph, 10 ea. 2N-3903 GE 

6. Graph, 10 ea. 2N-3904 NSC 

7. Graph, 10 ea. 2N-3904 FSC 

B. Graph, 5 ea. 2N-3906 FSC 

9. Graph, 10 ea. 2N-3906 NSC 

10. Graph, 10 ea. 2N-3906 TI 

11- Anneal Data 

12. Bias Data 
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11. 

Anneal Data 

TRANSISTOR MFR INITIAL NOV 1~80 JULY 1981 CORRECTION 
TYPE HFE HFE HFE 1 FACTOR 2 

2N 3965 FSC 350 38 55 1.3 

NPN NAT 240 29 71 1.25 

2N 3903 NAT 90 7 14 2.0 

NPN GE 78 9 18 1.6 

FSC 

2N 3904 NAT 160 13 : 28; 1.8 

NPN FSC 170 11 16 2.0 

2N 3906 NAT 230 33 53 1.85 
PNP TI -, 

FSC - , 

Average 1.6 

TMI 01 35.5 40~0 

02 86.0 88.0 ' 

03 200.0 

04 20.0 18.7 

Q5 38 .. 0 .34.0 
Q7 ,61. 0 '52.0 

Measured at Ic=lOO jJa 
2 Obtained from gain vs dose graphs. Anneal data measured after 

exposure to 3 x 106 rads. Multiply dose estimates by this factor. 
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12. 

Bias Data 

Transistor type 2N 3903 NPN FSC 
Exposure level 1.5 x 105 rads 
Gain measurement at 100 VA collector current 

TRANSISTOR INITIALl POST RAD NORMALIZED 2 BIAS CONDI TI ON 
SERIAL NUMBER HFE HFE HFE DURING RADIATION 

1 55.0 25.0 45.4 VCB = +lOV 

2 49.6 21.0 42.3 VCB +lOV 

3 59.0 33.0 55.9 Isat = 1 rnA 

4 29.7 22.0 74.1 Isat = 1 rnA 

5 46.4 27.0 '58.2 Passive 

6 24.71 19.0 76.9 Passive 

1 It is unclear why the initial device gains are so low. 

2 This refers to normalizing all gains assuming the initial 
gains were equal to 100. 



APPENDIX C 

Contamination Information 

Appendix C contains some of the documentation from analyzing 

the contaminants. 

Contents 

1. LANL radiochemical and gamma spectrum results. 

2. Sandia investigation of the connector surface for 
building spray analysis. 

3. LANL tests of the Victoreen label for sodium and 

.boron spray resid:ue. 
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UNIVEllSITY OF CALIFORNIA 
1.01 ..u.AMOS SCDNTIFIC LAJJOaATOJ.Y 

(CoJfTUC1' W.740S-_M) 
P. O • ... M3 

Loa A1amoI,. !few lIaIco .,544 

1M UPL'I' CHB-1 
_ana '1'01 740 

Mr. Frank V. Thome 
Systems Safety Information 
Division 4445 
Sandia Laboratories 
Albuquerque. NM 87115 

Dear Mr. Thome: 

December 2, 1980 

Enclosed are copies of the requested radiochemical analyses of 
the samples received recently from you. The "connector ring" also 
was analyzed spectrophotometrically for uranium which was not detected 
{< 10 ppm}. 

If there are questions or further analyses needed, please contact 
me. 

GRW/vmw 
Enc1: a/s 

Very truly yours, 

.r~,e~ 
G. R. Waterbury 
Group Leader, Analytical Chemistry 

cc: T. Gardiner, ADEPt MS-178, w/o enc. 
CRMO (2), w/o enc. 
File, w/enc. 



C~P-l 'EF. NO. 67~2 J 

SUP .. tTTED PY 

WITfR8URY 

BETA GA~"A DO~e IATE-7.0 MP/H~ AT 5 C~. 

CODE PECEIVED 

ll-H-BO 

CS-137-~.~6 MTCqOCUOIES, rS-134-0.567 MtCAOCU~tES 
SR-qO-0.l1 ~lC'~CU'TES, TEllvPtU- ArTtvtTY NOT DETECTED 
PU LESS T~AN 7E-O' -TCIOr.U'JES 

GA~~' SPECTRUM ~wnW~D r~-11~ AND CS-137 
HET. G'~~A D~~E "TF-O.~ ~P/H' 'T 5 CM. 

GA"~A SPECTRUM ~H"Wf~ C~-13~ AND CS-137 
BETA GA~~A DOSE 'ATE-0.5 "P/HP AT 5 CM. 

CMe-l-VlCTC~EEN DECAL 

GAM~~ SPECTAU~ SHOW" C~-13~ AND CS-137 
eETA GA~~A DO~E 'ATE - 1.6 ~P'HR AT , CM. 

~~e-l-FILTEP PAPE' 

GA~~A speCTRU~ ~HnwE~ C~-l'~ AND CS-137 
PETA GA"MA DOSE IATF-O.l MP/HR .• T 5 eM. 

. 2i:a::iAC222J1ii ...................... . 

S2QQ 11-14-80 

l1-l't-SO 

ll-lit-!!O 

11-1"-80 
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da1e: 

to: 

from: 

subject: 
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Sandia Laboratories 
February 19, 1981 AlbuquerQue. New Me.,co 

LlYtlrmore. Cal,lorn" 

F. V. ThO •• - 4445 

~?'JJL.&~ ~~l&#/ 
s. F. Duliere and S. J. Caldwell ~ 5822 

Analyeie of Three Mile leland Electrical Connector Surface 

Scanning electron microecopy (SEM), energy diepereive Rpectroecopy 
(EDS), and 'X-ray diffraction (XIlD) analye.e were done on an electrical 
connector from the Three Mile leland nuclear power plant to: 1) 
characterize the eurface condition of the connector, 2) to identify 
the chemical composition of the eurface material. and 3) to determine 
if steam from the reactor malfunction or water from a sprinkler eystem 
was responsible for the connector's present condition. 

SEM obeervations indicated that the threaded area of the connector 
was corroded and contained material depoeited on its surface. EDS of 
varioue areae on the connector showed the presence of Cd, Fe, Cu, Al, 
Ti. Si,and Pb. Samplee for XJlD.analysis 'were taken of surface mat'erial 
from the top of the connector and from the threads, and CdCOl and Caco3 
were definitely present in the area of the threads. and CdC03 and Caco3 
were identified from the top material. A data reduction program indicated 
a low probability that the follOWing compounds were also present in the 
eurface material: 1) for the top of the connector. CaS04. Na2CS.3H20, 
(A17Cu2Fe), CuO. CU2SiS3' and (alCu4) and 2) for the threads, 
Ca2A13Si3012(OH), NaN03. CaH4Si207. and Ca3A16Si2016' 

II 

The Three Mile Island connector appeared to exhibit both corrosion and 
material deposition on its eurface. Cd (cadmium). CdC03 (cadmium 
carbonate). and CaC03 (calcium carbonate) were definitely identified 
as conet1tuenta of theeurface material. For a cadmiw plated connector. 
the presence of cadmium carbonate indicated corroeion, and the depoeition 
of eilica and calcium carbonate. constituente in hard water. indicated 
that the water from a eprinkler syetem was probably ite eource. 

srnISJC:5822:jg 

4445 L. 0. Cropp 
4453 W. J. Whitfield 
5822 K. H. Eckelmeyer 

5822 S. F. Duliere 
5822 S. J. Caldwell 
5822 File (2) 

22 ii . U22h j] Ii Ii L4 



In reply r.'.r 10: 
Mill ,top: 

University of California 

W\. LOS ALAMOS SCIENTIFIC LABORATORY 
Posl Office Box 1663 Los Alamos, New Mexico 87545 

CMB-1, HS-740 

Mr. Frank V. Thome 
Systems Safety Information 
Division 4445 
Sundia Laboratories 
Albuquerque. NH 87115 

Dear Mr .. Thome: 

February 19. 1981 

Reference: Program S299 

Analyses of the Victoreen Name Plate from TMO have been completed . 
. The entire sample was radiochemically analyzed using a non-destructive 

method for 137Cs;The sample surface was then leached with purified 
water to remove surface contamination, and the leach solution was 
analyzed for basicity, sodium~ thiosulfate. and boron. The results 
follow: 

IUCS - 28.8 microcuries 
Basicity, calculated - 1.25 micrograms of NaOH 
as NaOH NhS 20, - ~ 1 microgram 

Boron - 0.25 milligram 
Sodium - 1 .• 56 milligrams 

Following leaching, the name plate was measured for physical dimen
sions. The average values were as follows: 

Thickness with backing - 0.0232 ~o 0.037 inch - ave. 0.0257 in. or 
0.065 cm 

Thickness without backing - 0.0173 inch or 0.044 cm 
Width - 1.735 inches or 4.41 cm 

Height - 1.062 inches or 2.70 cm 

All remaining samples will be returned to you under separate cover. 
If there are ql..l:stions, please contact me. 

Very truly yours, . 

A..-.t£~ 
G. R. Waterbury 
CMB-l Group Leader 
Chemical and Instrumental Analysis 
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APPENDIX D 

Decontamination Data 

Appendix D contains data taken during various stages of 

decontamination. 

Contents 

1. Detector layouts showing the four positions and the 
location where measurements were taken with the 
hand probe. 

2. Data taken with hand probe of the detector lid after 
the Victoreen label had been removed and with the 
detector body disconnected. 
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APPENDIX E 

Examination Steps and Archive Storage 

The examination of HP-R':"2ll was conducted in such a way to 

prevent the loss of information as the various steps were taken. The 

list below highlights in approximate chronoligical sequence the steps 

that were taken: 

1. perform electrical methods and calibration checks with 

spaFe detector and ratemeter (test channel) 

2 • unpack 211 

3. unpoweredelectrical tests 

4. point source radioisotope analysis 

5. radiation sensitive film contaminant mapping 

6. gamma range test channel measurements 

7. gamma range 211 measurements (powered) with and without 

buffer . 
8. temperature and low voltage tests of test channel using 

gamma source 

9.· temperature and low voltage tests of 0211 using gamma 

source 

10. gamma range 211 measurements at low voltage 

11. detector 211 gas sample removed 

12. detector 211 opened and examined 

13. insert test detector electronics into 211 housing for 

background level check 

14. high impedance measurements on ·211 connector backshell 

15. powered circuit board troubleshooting on 211 

16. nametags and connector sent to Los Alamos for 

radioisotope ar.alysis. 

17. repair 211 by replacipg Q6.and again test at gamma range 

18. failed transistor. sent for analysis 
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19. teflon sleeve and O-ri' ~longation tests 

20. decontamination tests 

21. failure inducement tests on test detector 

22. gamma range tests to determine spatial or incident 

angle veriability on 211 

23. detector/ratemeter calibration experiments 

24. steam/spray experiments 

25. extremely high gamma source range tests on test and 

211 detectors 

The undisturbed detector housing topassernbly, connector, 

backshell 1 in. 2 paint scraping, plastic label, and gas sample are being 
. . 

held in archive storage in an undisturbed state. All the components are 

being stored. 
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