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ABSTRACT 

An area radiation detector, HP-A-211, which was removed from the Three Mile .Island contain· 
ment building on August 16, 1980 has been examined. The detector had failed at some time 
following the accident and Indicated erroneous, low radiation levels from that point on. This 
report discusses the cause of failure, detector radiation measurement characteristics. our 
attempts to reconstruct the gamma rate history from detector output strlpchart recordings, and 
our estimates of the total gamma radiation dose received by the detector electronics. We have 
also Identified the radioactive contalmlnants present on the detector and explored 
decontamination methods. 
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I, INTRODUCTION AND SUr1f•1ARY FINDINGS 

A. Background 

On August 15, 1980, during the second manned entry into the 

Three Mile Island (TMI) Unit 2 containment building, the first piece of 

electrical equipment was removed for examination and laboratory testing. 

The instrument that was removed is an area radiation detector havinq 

the TMI-2 equipment tag number HP-R-211. This particular instru-

ment was chosen for examination because of its accessibility, its 

similarity to other instruments found in the containment building, 

and the desire to replace it with an operable unit. The detector 

is .a gamma radiation monitor manufactured by Victoreen (Model 857-2) 

and employs a GM tube to detect events. It had operated continuously 

during and following the accident: however, it had indicated erroneous, 

low radiation levels both during the accident and at the time of 

removal some 506 days later. Extensive in situ electrical measure-

ments were made on· the instrument from the TMI-2 control room by General 
. 1 

�ublic Utilities (GPU) and Technology for Energy,Inc. the day before 

removal. The detector was delivered to Sandia National Laboratories 

on october 7, 1980 for extensive electrical and radiological exami

nation. The radiation detector was removed as a part of the DOE.TMI-2 

Instrumentatj,on and-Electrical Equipment Examination Program administer

ed by the ·DOE/EG&G Technical Integration Office (TIO) at Three Mile 

Island. 

B. This Report 

This report summarizes the results of the Sandia examination 

of HP-R-211. The specific areas discussed are: 

7 
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1. 

2. 

3. 

4. 

5. 

the cause of failure, 

detector characteristics and gamma doserate history, 

total qamma dose received, 

contamination nuclides and act1vity levels , and 

decontamination methods and efficiencies. 

One problem which we have encountered is that of striking a 

balance between a completely thorough experimental and tb.eoretical 

examination and one which addresses the most important areas and 

obtains results for timely release. We believe this report achieves 

that balance. I n  the interest of di stributing our results as 

quickly as practicable, some of our experi mental data has been 

omitted from this report
. 

a�d is cont�ined in laboratory notebooks. 2•�18 

Data felt to be most i mportant in understandi n� or supporti ng con-

elusi ons are included here. Thi s document i s  an expansion and update 

of the preliminary fi ndings reported at the TMI-2 Information and 
. . . 

Exami nation Program I nternati onal Seminar sponsored by the U. S. 

Department of Energy and held i n  Washington DC on November 21 and 22, 

1980.
4 

C. Findings 'and Recommendations 

1. The mode of failure of HP�R-211 was confirmed to be a 

l ow impedance f ault between the col l ector and emitter 

l eads in transistor Q6 in the detector output circuit. The 

transistor f ail ed because of catastrophic, non-annealina. punch-

through from col lector to emitter caused by high voltage 

breakdown and energy deposition. Substant i al evidence 

indicates that this occurred at least partial ly when the 

r eactor building s pr ays were initiated some 10 hours into 
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' 

the acc ident . Spray and/or steam apparently entered the connector 

a s sembly wher e  the detector and cabl� mate and caused the 6 0 0  vo lt 

GM tube power l i ne to short , momentar ily , to the s ignal output line. 

The connector backshe ll does not look as though it was pr operly 

mated to the connector insert. Thi s ,  and the or ientation in which 

the detector was mounted p rovided an entryway for the mo i sture. 

To prevent this from occurr ing in the future , we recommend that 

Victoreen detectors o f  thi s and s imi lar types be mounted with 

the connector below the housing and that the connector backshe l l s  

b e  potted. Even more fundamental ly we que stion the need for 

having anything other than a sensor inside the containment 

bu ilding. Whe rever pos sible , active e l ectroni c s  s hould be located 

out s ide containment. 

2. The repaired , but degraded , detector exhibits a rad iation l ev e l  

i ndication which become s multivalued when i t  i s  expo sed to 

radiation leve l s  in the 1 0
3 

to 1 0
6 

R/H range . Instead of remain

i ng pegged at its maximum 1 0
4 

mR/H indication in thi s range , the 

re!'ldout begins: to decrea s e  at 1 0
3 

R/H; reac he s"a min imum at 

approximately 5 0 x 1 0
3 

R/H , and tqen begins to increas e  there

after . Thi s c haracter i stic i s  caused by detector to cable 

impedance mi smatches and i� accentuated by long cabl e l engths 

and radiation degradat ion o f  detector transistors and the GM 

tub e . Th is could present a hazardous s ituation i n  a reactor 

LOCA wherein radiation degraded det�cto;t:" s may i nd icate rad iation 

l eve l s  to be s igni ficant l y  lower than they actually are." Changes 

in c i rcuit des ign and/or the u s e  of more radiation to l erant 

tran s i stor s can correct this probl em. 

3. we have been unable to r e con struct the time h i story o f  containment 

bu i lding gamma rad iation us ing the HP-R-211 str ipchart data at 

th i s  wr iting� T he s e  data have certai n  characte r i st i c s  duri ng 

9 
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the first several day s of the acc ident which we cannot ful ly 

explain. Hopefully , the analy s i s  of other detectors and the 

Dome mon ito r will  provide info rmat ion to f i l l  in gaps in our 

under stand ing of thi s  detector. A separate report wil l  addre s s  

thi s subj ect. 

4 . Both tr ans i stor and e lastomeric data indicate that the electronic s 

ins ide HP-R-21 1 rece ived a total gamma radiation dose of approxi

mately 2.5 x 1 0
5 

rads. This leve l i s  appreciably be low some 

earl ie r  e stimates. 

5. The maj or radionuc l ides on the outside of the detector were found 

to be CS-1 3 4 , CS-1 37 and SR-90. The concentratiori of CS-1 37 was 

found to be 0. 973 f.!Ci/cm
2 

on the top hor izontal surface and 

0. 1 03 f.!Ci/cm
2 

on the s ide and bottom surface s.· These finding s are 

higher than those o btained us i ng swipes on floors and wall s . 17 

6 .  The approach used to decontami nate the detector outside was to 

avoi d  s c rubbing and minimize the use of caustic c hemical s. We 

found that as much as 4 4% of the contami nants were removed simply 

by handling dur ing shipment and contaminant characterizati on. Low·-

pre s sure water and dete rgent sprays were ineffectual. Low-pres sure 

steam and mi ld pho sphoric acid wa she s (Turkel 4 5 12A) were the most 

e fficient. Even so, only about an o rder of magnitude reduction was 

achieved us i ng all  of the above steps. 



I I. DESCRIPTION 

A. Detector Channel 

HP - R-211 (SN 3 5 9 )  is one of six containment building area 

radiation monitors. It was mounted on a pillar at the 3 0 5' elevation 

near personnel hatch No. 2, as shown in Figure 1. Similar detectors 

are mounted at the 3 0 5 '  elevation near the equipment hatch (HP-R-212) , 

the 3 47' elevation near the incore tubes ( HP - R-21 3 ) ,  and the 347' 
. . 

elevation fuel handling bridges (IiP -R-20 9 and HP -R-210 ). In addition, 

an ion chamber monitor housed withi� a lead shield is located at the 

372' elevation above the elevator (IIP-R-214, dome monitor). Separate 

instrumentation cables connect each detector located inside the con-

tainment building to ratemeter readout electronic modules located in 

the TMI-2 control roo�. There, a multip6int stripchart reciorder 

( HP-UR- 1 9 9 1) records each readout using a sample interval 6f 1 minute. 

Figure 2 shows the cable interco.nnect diagram for HP...;R-211. The 

detector power and signal cable exits the containment bulldinq t:uouqh 

penetration R5 0 7  and eventually connects to a remote readout and alarm 

located in the anteroom. From there, signals are distributed to the 

control room, where .the ratemeter (readout electronic.s and pow�r supply) 

is located, and back into containment to an alarm. It is noteworthy 

that the H P-UR- 1 9 0 1  stripchart shows. traces for only detectors 211, 213, 

and 214 at the time of reactor trip. The trace for 212 is unreadable. 

1 1  

http:locat.ed


;; 

I 12 

1 
"---· 

.. ,� 

FIGURE 

4 ... 

1. TMI Unit 
{HP -R211) 

t><A r �1 r �""' 
Z'NI' • .,.• "•....,t ,,.. L ofr�-�-

• ...... ,t ,.��t , .. ,. .. 
LJ-""' t.1.to.;•• 

I I 

1 

2 305' P lan Layout. Radiat i on detector'HP•R-211' 
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B. Removal 

Extensive preparations were made prior to removal to minimize 

the time spent by the GPU staff inside the containment puilding. This 

included practice on a full scale mock-up assembled by the TIO staff. 

The plan was to remove the faulty detector and replace it with a 

functional one. Unfortunately, during removal (Figures 3 and 4) the 

cable was detached from the connector backshell at the point where 

solder connections are made. The result of this was to make it imprac-

tical to install the replacement. 

c. Detector Description 

The Model 857-25 detec�or, shown after removal in Figures 5, 

6 and 7, consists of a painted, nominal 5 :nm thick aluminum housing, a 

6 4  x 137 mm glass epoxy circuit board with electronics, an o-ring seal, 

and a waterproof Rendix connector. The detector is connected to the 

Victo.:'.'een Hodel 856-2 ratcmetex; (Figure 8) through an esti111ated 159 m 

(52 3  ft.) of cabling. The pririted circuit board holds the Geiger

Mueller (GM) tube and signal conditioning electronics. The detector is 

not loss-of-cooling-apcident (LOCA) qualified bu� does have a geed o

ring seal o.nd sturdy housing and is designed to function up to a total 

accumulated r�diation dose of 105 rads. This unit was set to indicate 

radiation r�tes ranging from 0.1 mR/H to 104 mR/H. The ratemeter was 

adjusted to actuate the alarm at 50 mR/H. A.O.OB )JCi Ra-2 2 6  check 

source can be used to indicate operabil�ty. 

Ed! 222 
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FIGURE 3. Detector Removal. The detector has been removed from the 
wall slide bracket and the cable is being disconnected • 



FIGURE lf:. 

. . 

Elevator Shaft and Airlock. The detector wa s located 
directly in front of the technician in the center o f  
the picture . The per sonnel airlock entryway i s  shown. 

. .. 

. , .::: 



FIGURE 5. Detector Outside Case. The corrosion is apparent on 
the d<.:tector shown approximately as received at Sandia 
(the nameplate has been removed for isotopic analysis) • 

FIGURE 6. Detector Exploded View. The 211 detector circuit 
board was mounted on a spare front plate for testing. 
The o-ring seal channel can be seen on the case. 

17 
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FIGURE 7. HP-R-21 1  Circuit Board. This picture shows the 
actual circuit board as removed from the housing. 
Notice the clean, uncorroded appearance. The GM 
tube is shown on the right end. 

FIGURE 8. 
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Ratemeter Face. The Victoreen channel measures 
radiation rates of from 0.1 to 104 mR/H. 

a as u wusa as 



Figure 9 shows a circuit diagram of the detector. The GM tube 

operates from a 600 volt DC power supply which is current-limited by 

2 MQ resistors both in the detector and in the ratemeter. The signal 

conditioning electronics of the detect-.or uses a +10 volt DC supply. The 

Ra-226 check source is switched from behind a l ead shield by the 

application of ground to one of the check source leads at the ratemeter. 

A DC voltage of 22 volts is used for the driver solenoid. Transistors 

Q4 and Q5, under normal range operation, form a cross-coupled toggle tlip

flop. Each breakdown of the GM tube generates a narrow pulse which is 

amplified by the Ql amplifier and routed to the flip-flop. This binary 

changes state after each pulse. The flip-flop output is buffered by 

line drivers Q6 and Q7. Thus the detector output is a zero to 10 vol t 

logical signal whose frequency is dependent on the rate of GM pulses. 

A pulse counter placed on the detector output measures only half the 

number of actual "event" GM pulses. The Signal Output goes to a log 

pump circuit in the ratemeter, as shown in Figure 10. A discrete 

summing amplifier sums all the log pump voltages, amplifies the sum and 

· produces meter and computer outputs. The computer output is a zero 

�o lV signal which drives the HP-UR-1901 stripchart recorder. The 

detector is calibrated by first adjusting the +10 and +22 volt sources. 

The detector is then placed inside a Victoreen fiP.ld source having 

thn.�e radiation rates (this detector was calibr'ited with a source of 

approximately 49, 360, and 1800 mR/H) and "zero" and "gain" pots are 

alternately adjusted. If tile rate that photons arrive a·t the GM tube 

exceeds a certain upper limit, the GM tube cannot respond to each 

individually and tends toward a constant discharge. This high frequency 

train of pulses or constant discharge current is integrated by Cl in the 

detector and causes the "antijam" circuit to become functional. Tran-

sistor Q3 switches on, and subsequently causes the Q4, Q5 ·::lip-flop to 

become a freerunnLng multivibrator, which oscillates at a'nearly 

19 
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Detector Schema tic. ·T� L€ GM tube and anti jam circuits are 

on the left, the flip-flop is in the center and the output 

driver is on the right side of the schematic. 

Transistor Q6 failed. 



FIGURE 10. 
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Ratemeter Schematic. The detector signal enters the log pump circuit in the upper 
left. The log pump outputs are then summed and amplified by the differ�ntial 
amplifier. The computer output connection goes to the stripchart recorder. 
Rl9 and R21 ("z�ro" and "gain" adjust} taylor the ratemeter response to each 
unique detector. 
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constant 40 kHz. This frequency is high enough to cause the readout 

meter to peg on the upper limit. This antijam circuit thus should 

prevent a dacrease in the detector output frequency for radiation 

levels higher than approximately 104 mR/11. 

D. Specifications 

The electrical specifications for the detector are shown in 

Figure 11. 

E. Containment Environm�rit 

During the first day of the accident the environment inside '' 

containment was one of intens� beta and gamma radiation, steam, moderate 

temperature excursions, ,a hydrogen burn and the resultant pressure 

spike, and UaOH/boron spray. No attempt will be rq.ade here to 9.uantify 

these in detail. Generally, the nominal temperature experienced by this 
' . . ' 

6 detector was probably 54!'C (130°F) and peaked at 85°C (185°F). The 

pressure spike was approximately 1. 9 3 X 105 J?a i ( 2 S psi) • 
6 

The building 

spray was initiated at 1350 Hrs on March 2 8, some 10 hours after the 

start of the accident, and lasted for approximately S minutes. Other 

events happening during the first day can be found in reference mate-

. 1 6,7 r�a • High radiation levels and high humidity characterized the 

. building environmen1t over the remainder of the period before removal. 



....., w 

Feature 

Dimensions. 

Weight • • •  

Uounting. • 

Radiation detected. 

Energy dependence of reading. 

Range of radiation mea�ureable: 

Specification 

3 in. diameter, 7 1/8 in 
high (7.63 c�, 18.1 em) 

.Approximately 1 lb. (0.45 kg.) 

• • •  Wall Bracket 

• • •  Gamma rays 

+ 15% from 100 keV to 1.5 MeV 

.857-10 
857-20 • 

857-30 • 

0.01 to 103 oR/hr. (to-channel) 
• 0.1 to 104 nR/hr. (Med-channel) 

• • • •  1.0 to 105 mR/hr. (Hi-channel) 

Te�perature Hm.its. • 

Pressure limits . • • • • 

• -20 . deg. F to 140 deg. F 
(-29 deg. C to 60 deg. C) 

30 psig. 

Detector demerit life • • • • Exceeds 100 hours at full scale 

Electronic exposure life. • • • • •  Approximately 10
5 Rads 

Connector required. • Bendix 1!10-726 28-185 

Check Source: (Microcuries of radium): 

Det. Model 857-10 . •  

Det. Model 857-20. 
Det. Model 857-30 • • •  

0.02 
O.OB 
0 .It 

FIGURE 11. Detector Electrical Characteristics
5 

HP-R-211 was a Model 857-2 and had 
serial mlinber 359 . 

a a awua a zs 
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III. ELECTRICAL/PHYSICAL EXAMINATION AND FAILURE MODE 

A .  Phys ical Exami na t ion 

As s hown in F i gure 5, the p a inted aluminum hous ing of the 

detector i s  heavi ly corroded where pi nhole s i n  the p a i n t  allowed the 

unde rlying aluminum to be attacked. Chemical analyse s have been 

performed o n  the Vi c toreen nameplate ( top hor izontal s urface) spec if

ically looking for sod i um and boron.
8 

Bo th sod i um and boron wer e  

found i n  moderate concent rations ( se e  Table 8 ). The whi te gr anular 

mate rial on the connector thr eads was found to be caco1 ( re s idue fr om 

tap \vater) by X-ray di f fr ac tion analys i s .  Ana lys i s  of the surface 

around the conn ector solde r po ts w i ll b e  d i s c us sed later. These were 

the only chemi cal an alys es performed w i th the e xception of the radio -

chem i cal an alys e s . The Buna Ni t r i le 0-r i n g  and s ealed conn e c te r  per-

f o rmed excepti onally well i n  keeping con tami nants out of the i n s ide of 

the hous in g .  The ci rcuit board is shown in F i gure 7 and , unde r close 

vi s ua l  and radiological e xa mi n a t ioa , was found to be cle an; no radi o -

a c t i ve con tarr.inat ion w a s  found. Except for the cor roded hous ing , n o  

other me cha n i c al d e f e c t s  were obs e rved . 

B. Ele ctri cal. Meas urements 

P r i o r  to Removal 

Be fore th e detector was re moved from the conta i n ment buildi n g ,  

e xtens i ve i n  s itu unpowe red and p owered electr i cal tests w e re per fo rmed 

by TEC on th e detector channel.
1 

The s e  tests showed fai rl�- conclus i velJ 

that a res i stance o f  approxi mately 30 5 ohms e xisted between the s i gnal 

o utput (pi n  G) and the +10 volt (pi n  C) detector lines . The obs ervable 

e f fe ct of th i s  s h un t  r e s i s tance was to c ause the output s i gnal level to 

s witch between 5 . 7  and 9.3 volts rath e r  than from 0 to 10 volts . The 

frequency o f  the s i gn al looke d  reas onable (for some , as then unknown , 

r ad iation rate) • 
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Unpowered Tests 

Similar passive resistance and impedance checks were made on 

the detector on arrival at Sandia. For comparison, data were also taken 

on a test detector (Victoreen SN 673), which is the same model as HP-R-

211. Table 1 lists the unpowered resistance measurements taken at 

Sandia and TMI. Probably the only differences in readings are those 

due to differences in ohmmeters. These tests show a 296 ohm resistance 

between pins G and c. No other irregularities were observed. 

TABLE 1. UNPOWERED 211 11EASUREMENTS 

OHMMETER POLARITY/ RE�ISTA�CE 
LINE TO LINE MEAS, OHMS 

+ - 211 211 
AT TM! AT SANDIA 

+lOV Gncl. 6.47K 5.6�1': 

Gnd. +lOV 8.59K 8.50K 

+lOV Sig. ___.... 305 296 

Sig. +lOV __..,.. 305 296 

Gnd. Sig. 8.62K 8.52K 

Sig. Gnd. 6.53K 5.78K 

+600V Gnd. Open Open 
Gnd, +600V Open Open 

CSl CS2 40.2 27.5 

CS2 CSl 40.2 27.5 

Powered Tests 

TEST 
DETECTOR 

6.04K 

ll.67K 

7.95K 

5.59K 

8.44K 

6.98K 

Open 

Open 

24.2 

24.2 

For all powered �easureme�ts, whether,in the laboratory cr at 

the Co-60 gamma facility, a standard Victoreen Model No. 856-20 rate-

meter was used to supply power and process the detector signal output, 

In addition, a Victoreen Model 8 57-2 test detector was characteri�ed 

al9ng with the 211. detector for comparison. There was, however, one. 

problem. In order to obtain accurate ratemeter readings, the ratemeter 

power supply voltages are nor�ally <Hlj usted to specified limits; then, 



using the detector and a known radiation source , the zero offset and 

gain of the ratemeter are set. Unfortunately , because of GM tube dif

ferences , the zero and gain must be adjusted for the particular detector 

being used. Since this was not possible for 2 11, because it had failed , 

only the power supply voltages going to it were adjusted. The zero and 

gain adjustments were left as set at the factory. Later , when 211 was 

repaired , a calibration factor was determined. Thus , any ratemeter/ 

detector mismatches could be eliminated: and, as will be shown later , 

this proved to be a good approach. 
' 

Table 2 shows the uncorrected voltage and meter readings 

obtained when 2 11 was.
· initially powered. Again, the TMI and test 

detector data a'rc included for comparison. 

TABLE 2. POWF.RED 211 MEASUREMENTS (DC) 
----�Q�U7AN�T�I�T�Y-M�E�A�S�U�R�ED�---r� ----- M!�SUREMENT 

211 2 
AT TM! AT SANDIA 

+lOV (V) 9.3 10.04 

-SIG. (V) 5. 7/9.3 6,7/9.9 

+600V (V) 605 598.9 

+22V (V) U.66 20.75 

cs t (rnA) - 2.44 

I 
Mtr (mR/H) 1.5 0.2 

Rer. (mVl - 0,5/l.O 

TEST 
DETECTOR 

10.06 

0.07/10.0 

599.1 

2l.l 

2.55 

0.15 

0.35 

The effect of the shunt resistance is apparent in the SIG. voltages in 

the TMI and Sandia measurements (arrow). The conclusion is that all 

measurements both at THI and Sandia point to the sa me failure·mode. 
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c. F ailure Hade 

Fo llowing tests at the Sandia g anuna range fac i l ity, the 

de tector was opene d, node vo ltages were meas ure d, and the fai lure was 

diagno sed . Transistor Q6, a Motor o l a  2H-3906, was removed and found to 

e�1ibit a 163 ohm collector-to-emit ter shunt res is tance. No other cir-

cuit abnorma l i t i es were found . F igure 12 shows s eve ral of the more 

important tran s i s tor Q6 character i s tics a s  me asured on a curve tracer. 

The co l lector cu rre n t  char acte r i s ti c s  show the pre sonce of an approxi

mate 160 ohm s lope on any g iven base cu rrent curve . The transis tor 

gain and the base-emitter junct ion characte ristics are all proper. The 

p re sence of th is app aren t s hun t res i st�nce i s  con s i s tent with the pas

s ive te s t s  due to the nominal 100 ohm current-limit i ng res i s tor R20 in 

s er i es wi th the collector of Q 6. The Mo torola 2N-3906 i s  a general 

purpo s e  350 rrM, epoxy encapsulat�d PNP transistor \olh i ch is des i gned to 

ope r ate with a maximum collector curren t of 200 rna. The collec tor to 

emi tter bre akdown voltage is r ated at 40 v. The epoxy case was removed 

by grinding the surfac� away 'unt i l  the semiconductor chip cavity was 

exposed� norma l solven ts were ineffe c ti ve . The chip shown in Figure 13 

has a large a'moun t of fore i gn materi al on the surface (not due to the 

g r inding oper a tion, s ince an additional coating of RTV -like ma terial 

had to be removed ) .  The meta lliza tion is s how� removed in Figure 14, 

and a punch-th rou gh defe ct exists un der the center emi tter fi nget' . 

P robes were in fact mal'� of each finger, and the fai lure was e lectrically 

i so l a ted to the middle finge r .  Th is type of failuro i s  typ i cally caused 

by h i gh vo ltage breakdown from col lector to emitter and a subsequent 

tran s i e n t  surge current . The ene r gy depos i ted ls enough to des troy the 

normal l at ti ce s tructure and actua l ly diffuse a luminum metall ization 

into the l a t t i ce to cause a res i s t ive pa th . Had the tran s i s tor been 

ove rhea te d  through h i gh p ower d i ssipation over a long period of time, 

much of the met a l l iz ation would probably have been me lted . As i t  is, 

however, the defect points to a rapid tran s ien t .  



FIGURE 12. Transisto� Q6 Characteristics. The top 
curve is BVCBO, middle curve is BVEBO 
and lower curve is c ol:ector current 
characteristics. The effect of the 163 
ohm anomaly is s een as the slope of the 
collector current characteristics for any 
particular base current of the family. 
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FIGURE 13. Q6 meta l ization. The punch through defect is 
a ppa rent even through' the emi' '·er meta lization 
( three fingers ) .  Thi s photogJ.J.ph was taken 

after chip p robe but before the metalization 
was stripped. Notice the large amount of 
foreign material present. 

FIGURE 14. SEM Photo of Defec t. The meta lization was 
s tripped, and a scanni nq e le ctron microscope 
was used to exam i ne the chip in detai l. 
The punch- through is noted. Prior to complete 
meta l iza t ion removal each emi t te r  f inger was 
individually te s ted. Only the center finger 
was de fective. 
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D. Cause of Failure 

While we cannot say with absolute certainty how and when 

transistor Q6 failed, the evidence indicates that the failure was caused 

either by a transient short in the detector connector backshell1 from 

the 600 Volt GM tube supply pin to the signal output pin, or by a high 

voltage pulse generated elsewhere, which traveled down the cable on the 

signal output line. Of these two possibilities, the former appears to 

be much more probable. 

During the removal of the detector from the containment b uild-

ing, the GPU technician was unable to unscrew the connector from the 

detector, even with the aid of channel-l ock pliers. While attempting 

to loosen the connector, he applied downward pressure on the detector, 

and it broke free of the cable. The detector, connector first screw-

ring assembly, and pin insert were removed as one piece. Figure 15 

gives an exploded view of the connector assembly and pin connections. 

Later examination of the free cable end after its removal revealed the 

second and third connector screw-ring assemblies to be mated and encased 

along with the cable end in Raychem WCSF heat-shrink tubing. This 

tubing was tightly molded to the connector part and covered at least 

t he lower 20 em of cable. In fact, three layers of heat-shrink tubing 

were used �� shown in Figure 15 to produce what appears to be a good, 

watertight seal between the connector and cable. Since he did not 

attempt to rotate the detector to unscrew it when he could not turn 
' . 

the connector � apparently the second screw-ring was not mated or mated 

by less than one thread.to the threaded insert. Corrosion on the con-

nectar insert and inside the s econd connector screw-ring indicates 

exposure to steam or l iquid. Scanning electron microscope (SEM) and 

energy ditpersive spectroscopy (EDS) studies made on the insert around 

the solder pots were inconclusive in the search for sodium there 
' . 

(�ecause of instrument limitations on the detection of low z elements). 
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FIGURE 15. 
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�- OUTER SHRINK TUBING 

DETECTOR MATJIG 
CONNECTOR 
SOLDER POT 

I 
I I 

HP-R-211 Connector Assembly. Th e second screw-ring 
assembly was appa rently not screwed onto the pin 
ins e r t. 



A chemical analysis was not performed. We believe that steam and/or 

NaOH/B spray entered the connector backshell through the loose-fitting 

insert-to-second screw-ring junction. 

To investigate this postulated mode of failure, several labo

ratory simulations were conducted and will now be discussed. The 

presence of the 100 ohm current limiting resistors in the signal output 

line preclude Q6 from being destroyed by a short of the signal line to 

ground. In fact, DC shorts were made from each connector pin to the 

next, using the test channel, and a failure could not be induced. The 

600 Volt line has a 2 Hegohm current limiting resistor at the ratemeter; 

even though the transistor can break down, the steady-state current is 

limited to only 300 Microamperes. No discharge paths were found on the 

circuit board. Recall however, that some 152M (500 ft.) of cable con

nects the detector to the power source. We found that the energy stored 

in the line capacitance was sufficient to cause punch-through. This was 

found by conducting the following experiment (refer to Figure 16): 

Capacitors of 0.015 �F and 0.01 �F were connected to the signal output 

and 600 Volt lines going to the test detector to simulate the charges 

stored in the 50 Ohm and 75 Ohm cable capacitances. A switch was then 

thrown to discharge the capacitor on the 600 Volt line into the signal 

output. This results in a surge current of approximately 6 amperes. 

The circuit diagram shows a possible current path, I. 
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DETECTOB £ABLE 
I I 2.2M 

I 
+IOV I 

I 
I 
I 
I 

s I 
I 
I 
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I 
I 
I 
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FIGURE 16. Test Ctrc�if Shciwi�q Energy Discharge Path 

We opened and closed Switch S repeatedly,while•constantly monitoring 
•• < 

the signal output line. After approximately 40 closures the "O" level 

voltage had increased to 6. 65 Volts. After 80 closures, the transistor 

in slot Q6 was removed, tested and found to exhibit a 96 Ohm collector-

to-emitter resistive path, similar to that in the·failed detector. No 

other circuit defects were observed. Tests. have. been conducted on four 

other 2N 3906 transistors from a different manufacturer and on two 

higher current 2N 2904's. All could be made to fail with a single 

discharge, but only if the 100 Ohm current limiting resistor was 

decreased. One 2N 3906 failed when the resistor was 72 Ohms, however, 

all others required lower resistance. The capacitive model of the cable 

does not simulate exactly the cable characteristic impedance of 75 Ohms 

and stored charge, since the cable is a transmission line and will 

appear to have a 75 Ohm source impedance. Since the line is not 



terminated in 75 Ohms on either end, it will also ring. This will 

reduce the peak currents somewhat. Nevertheless, we conclude that 

for a weak device, one having a thin base and geometry sensitive to 

high current densities, a failure similar to that experienced at TMI 

can occur in one or more discharges. The following experiments were 

conducted to determine the detector response to steam and spray 

introduced to the connector backshell. 

Stearn and Spray Experiments 

The HP- R-21 1 stripchart recording {Figures 25� and 25b) 

exhibits only a single observable discontinuity. ·This· occurs at 

approximately 1350 hours during the time of either the hydrogen burn 

or five minutes of building spray. The signal first �ises, drops 

to zero for approximately two minutes, and then steps back up 

abruptly to a level somewhat lower than it was prior to the transient. 

This five minute perturbation suggests a point in time at which the 

failure could have occurred. 
i 

Several simple experiments were co'nducted to understand in 

a macroscopic way the surface conductivity 'and electrical conduction 

mechanisms with regard to pi,n-to-pin conduc:tion in the connector 

backshell. Surface conductivity and breakdown effects are discussed 
' . 9 in some detail by Stuetzer and will not be covered here. Suffice 

it to say that conductivity �s greatly depe�dent on the surface 

material, surface contaminants, temperature·, humidity and voltage 

potential difference. The drawing of the connector backshell pin 

arrangement in Fig�re 15 shows that the "case" is grounded, and the 

600 Volt pin is separated from the signal output pin only by an unused 

pin. We postulate that something .similar to one of the following 

events occurred during the tr�nsient period: 
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1 .  The rubbe r sur face o f  the connector bac k s hell wa s 

contaminated. Either s team wa s forced into the 

backshe ll by a pre s sure d i f ferent ial re sult ing 

from the hydrogen e xplo s ion, or the hydrogen 

e xp loP'on f lattened wat e r  drople t s  wh i c h  had formed 

on the surface due to steam condensat ion . I n  e i ther 

case, the 600 volt a nd s i g nal output pins were 

momenta rily shorted; or, 

2. A droplet of NaOH/B spray t raveled down the cable, 

e ntered the connector back shell throug h  the loose 

connector fitting and momentarily shorted the two 

p i n s . 

I n  e i �her c a s e  wa te r entered the connector backshell . 

I n  our experiments, we.found the following: 

1 .  Stearn condensation o� a. cool connecto r surface, 

contami nated only by normal handling, ten d s
. 

to form 

constant, long durat ion, low res i stance paths betwee n  

p i n s. Smail wa ter drople ts, init ially formed, flow 

together unt i l  the gap between p i n s  i s  bridged . 

Once the, pi ns_ are bridged, conduction �ake s pla ce 

unt i l  the large d roplet evapo rate s  or its ionic 

contamin a t i on is depleted . Thi s could take mi n utes 

o r  hours to o ccur, and duri ng tha t time the detector 

output would be zero . There i s  no evidence of thi s 

on the s t r i pchart rec o rd s . 

2. Stearn cond e n s a t i on o n  a heavily contaminated surface tend s 

to "we t "  the surfa c e ,  re sulti n g  i n  s hort duration, low 

r e s i s t ance conduc tion. Droplet formation i s  min i mal . Re s i s-



tive paths b etween pins can form quite abruptly and disappear 

as fast. Interestingly, even in the presence of steam, the 

'ath can open quickly and remain open. This is illustrated in 

Figure 17a. Here, using the test detector and its connector, 

we deposited NaOH of PH 12.7 on the surface and allowed the 

water to evaporate. \-Je then directed steam onto the surface, 

and after 100 seconds the signal output dropped to zero indi

cating a reduction in the 600 Volt to somewhere below 380 Volts. 

A minute and a half later the detector recovered and did not 

fai.l again even in the presence of steam. What happened was 

that the sodium ions were attracted to a more negative terminal, 

the surface near·the 600 Volt pin was depleted, and conduction 

terminated. In fact, water ceased to wet· this area and even to 

form droplets there. Figure 17b shows the 600 Volt line in the 

test where a large droplet of NaOH had been introduced between 

pins. The 600 Volts decreased abruptly then rapidly increased 

time-after-time· (the 0.01 IJF capacitor was used to supply 

energy). Tiny arcs could be seen around the 600 Volt pin. 

Each one of t.hese delivered energy to ground or to ground 

through another pin. 

We conclude from these tests that.a large droplet of water or 

spray wc..s not in the connector shell due to the absence in the strip

chart recording of any long duration short or repeated signal irregular

ities. A highly contaminated connector, introduced ab ruptly to only a 

small puff of steam, is sufficient to produce the single drop-out noted. 

The presence of sodium is indicated, and it is possible that even though 

a single discontinuity was observed other short duration discontinuities 

could have occurred without being registered on the stripchart recording. 
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FIGURE 17a. Ste am on a Contaminated Back shell. A de tector 
connec tor backshell was expos ed to s team a fter 
the back shell was f i r s t con taminated w i th NaOH. 
;:;aoH was in.troduced and then allowed tq dry 
.be fore steam wa s a pplied. The top trace i s  
the . s ignal o utp;tt, and. the 1ower tr ace i s  the 

· ·  ratemeter output. The detector Eaile d  after about 
. 1, 5 minu�es, o f  s team, but re.covered e ven though 
· steam 'was still being applied. 

FIGURE 17b. Large Droplet Format ion. A similar exper iment to 
that s hown in F i gur e 17a was conduc ted , except 
that here .all of the detector pins .a.re covered 
with a water drople t. The 600 Volt power 
line is plo tted ver sus t ime. Repeated surges 
are d elivered to a load dur ing each breakdown. 



E. Conclusions 

The detector was found to operate properly in all respects 

after the defective transistor Q6 was replaced (except for the multi

valued readout discussed in'the next section). The detector environ-

mental seal was good, and no radioactive contaminants were found on 

the electronics inside the housing. No mechanical damage, or elas-

tomeric material degradation was visible inside the housing or on the 

connector insert. The housing outside was corroded and pitted. 

The failure of transistor Q6 is thought to be due to high 

voltage breakdown and rapid energy deposition. Although this energy 

could have been, delivered down the cable due to EMP or some such 

transient, we have found no other evidence of this. Instead, we have 

been able to cab•e ttansistor degradati6n in laboratory tests where 

energy stored on the 600 Volt cable is rapidly discharged onto the 

signal output pin. This has been shown to be possible when the 

detector connector backshell is subjected to a steam and/or spray 

environment. The evidence indicates that the,connector .insert was 

apparently not properly mated to the connector second screw-ring 

assembly, thus prmdding an entryway for steam or spray to mak.e 

contact with exposed connector pins. Although the manner of failure 

is fairly clear, the precise time of failure is not. The only strip

chart discontinuity occurred at the. time of the hydrogen burn, and 

this point represents the most likely time of failure; however, as 

will be discussed in the next section, further degradation of transistor 

Q6 must have occurred after the hydroge:n burn with some degradation 

possibly occurring even before the burn. Our steam and spray tests 

indicate that a connector backshell insert with no abnormal ch�mical 

contamination,."1hen subjected to steam only, would produce an obvious 

stripchart discontinuity. Once the insert is contaminated with sodium 

or other similar contaminant, however, it would be possible for transients 
. ' 

to occur and not be detectable on the stripchart readout. The most 

M a j 4¥ 
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l i kely scenario , therefore ,  seems to be one in whi ch maj or transistor 

degradation occurred at the time of the hydrogen burn and then further 

de gradation was incurred after the backshell was contaminated with 

sodium .  We have n o  direct eviden�e from the stripchart recordin g  that 

transistor Q6 was degraded before the hydrogen burn , although the 

possi b i l ity exists . All other detectors recorded on the stripchart 

reacted i n  the same manner as IIP -R-211 at the time of the spray initia

tion but a l l  did not recover . 



I V ,  DETECTOR Cl l/\R/\CTE RIST I CS /\lm RADI ATI Orl T I :1E H I STO RY 

A .  D i s cuss i on 

Our f indings s how conc l us i ve ly that the o n l y  f a i lure 

e xpe r ienced by HP-R- 2 1 1  was tha t of t rans i s to r  Q6 . Whe n  th i s  fai led 

trans i s tor was rep laced , the d e te ctor operated p rope rly up to radi a ti o n  

l e ve l s  o f  5 0 0  R/H . At leve l s  h i gher than th i s  t h e  radi at ion decre a s e s  

as the i n p u t  l eve l i s  i ncreas ed . T h i s  i s  caused b y  detector t o  c ab le 

and c able to readout modu le impedance mi smatche s . Thes e  cable 

mi s matches cause e rroneous , low radiation readings when rad i at i on leve l s  

a re i n  the range o f  5 0 0  R/H t o  1 0 6 
R/H . T h i s  behavior i s  hardly 

noti c e ab l e  on new , undeg raded d e te c tors , b u t  be come s dramat i c  when 

tran s i s tor g a i n s  h ave been degraded by radiat ion as in HP-R-2 11 . 

Wi thout a doubt the mo s t  d i f f i cu l t  t a s k  ha s .  been that o f  

attempting to recons truct t h e  conta i nment . g amma rad i a tion time h i s tory 

as measured by HP-R- 2 1 1
7 

Of the four r ad i a t io n  detecto r s  norma l l y  

u s e d  t o  mo nitor conta i nment radi a t ion , o n l y  two , HP-R- 2 1 1  and 

HP-R-2 1 4 , have continuous s t r i pchart o utpu t s  both during and s i nc e  

t h e  a c c i de n t . T he y , then , repre sent our be s t  oppor tun i ty to
.

s upp ly 

accu rate records o f  contai nme n t  g amma rad i a t i o n . T he fai led tran s i s tor 

i n  HP-R- 2 1 1  caused e r roneous , l ow r adia tion readings wh i ch po s s i b ly c an 

be corre c te d  with th e us e of the proper s c al e  factor . 

S tudi e s 10 to date of the dome mon i tor ( HP-R-2 1 4 )  record have 

uncove r e d  s e veral problems in i n terpre t i ng i ts output , Among th e s e  i s  

the s i gn i f icant di ff i c u l ty o f  tran s formin g  radi ation leve l s  meas ured 

i n s i de a 4 em lead sh i e l d  to radiat ion leve l s  outs ide , Also comp l i 

c a t i n g  the analy s i s  i s  the p robab le exis tence o f  a 0 . 3  em d i ame ter hole 



i n  the l e ad shield . I t  may never be poss ible to un rave l  the HP-R-214 

data . 

De te c tor HP-R-213 failed at the time of the hydrogen b urn . 

Un fortun a te ly , much of the time i t  was pegged a t  its maximum reading 

of 10 4 mR/H . HP-R-212 was apparently not recorded unt i l  i t  was 

swit�hed on 92 days a fter the acciden t . I t  functioned for 128 days 

there after unti l  it also failed . The two fuel h andling bridge 

de tectors appear to h ave been off dur ing the accident, and no records 

exist for them . Thus , HP-R-211 may re present our best chance to 

ob tain a compos i te doserate time h i story . 

Knowl edge of the radi ation environment, i f  only at one 

location, is valuab le in eva luating the operation of reactor ins tru

ments and sys tems in the quite hostile envi ronment to wh i ch they were 

expose d .  I nformat ion o f  th is type could also b e  val uabl e  i n  assess ing 

the validi ty of various reactor models relating to radionuclide 

d i s pe r s a l  fol lowing a LOCA . 

This s e ction pre sents m�as ured detector characterist ics us ing 

bpth short and long coa�i a l  i n terconnection cabl es , stripchart data, 

and a brie f . discuss ion of radi ation time . h istorv . Radiat ion time 

h i s tory info rmatio n  wi l l  be given in a s eparate report when this. and 

othe r inve s t i gations h ave been complate� . 

B .  De tector Charac te r i s t i c s  ( Short Cables )  

The fai led de tector was mated with the te s t  channel rateme ter 

us ing short coaxial cab le s  l!lnd e xpos ed a t  the Sandia Co-60 Ve rtica i 

Range Faci l i ty .  Figure 1 8  shows the ratemeter radia tion readings vs 

known radiation input r ates . Three curves are s hown . Un fortunate ly , 
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F I G U R E  1 8 .  BP-R- 2 1 1  Character i s tics . The detec tor was exposed to a co-60 source 
upon arrival at Sandia and produced the output shown . curve A i s  
for the cond i t ion o f  nomina l detector supply vo l tages , Curve D i s  
for low vo l tages , and Curve C i s  low-vol tage , ratemeter correc ted . 
Thes e  data were taken without 15 2 m cables or line capacitance 

equival ent s used . 



dur i n g  th e TEC me as urements on s it e , we dis cove re d tha t  the + 1 0  V and 

+ 2 2  v power s upply vol tages going to the de tector we re + 9 . 3  V and + 1 6  V 

as a r e s u l t  o f  a f a u l ty capaci tor ( C l )  in the TMI rateme te r .  There fore , 

the recorde d rad i a t ion re adings a re in e r ro r  not on ly becaus e of the 

f a ul ty t r ans i s tor but a l s o  imprope r power s upply vo ltages . The leng th 

o f  t i me th is s i tuation e xis t e d  is not known . For tunate ly , this low 

vo l t a ge condit ion does not h ave a ma j or e f fe c t  on our results . Cu rve A 

in F igure 1 8  shows the nominal vo ltage ch a r a c te r i s t i c . Curve B shows 

the s ame characte r i s t i c  e xc e p t  using the lower supply vo l tages as 

me asured j us t  prior to remov a l  f rom containme n t . C urve C is the f i n a l  

re s u l t , us ing a r a teme t e r  scale factor a s  des cribed l a te r . T h e  de te c tor 

l eve l i n d i c ations are seen to be below the known source l eve l s  by up to 

th re e orde rs of magn i t ude . This is due to the reduced amp l i t ude of the 

detec to r  output as a r e s u l t  of the f a i l ed Q6 . S i gn i f i c antly , the an ti -

j am c i rcuit is s een to cut in a t  about 2 0  R/H . Above th is leve l , 

incre a s e s  in so urce leve l are not fo l lowe d . T r an s i s tor Q6 was r e p l aced 

w i th an ope rab l e  tr ansi stor and the detector was e xpos ed again to the 

C o - 6 0  source. ( a t nomina l vo ltage ) . F igure 1 9  shows the r e s u l t . The 

d e t e c tor is s ee n  to function prope rly , b e ing in e rror only by a vo ltage 

s c a l e  f ac tor of 1 . 0 5 . The te s t  de tector is shown for compari son . · A  

V i c tore e n  re pre s entat ive s ay s  tha t  the s l ight o f f s e t  b etwe e n  H P - R- 2 1 1  

and the ide a l  curve i s  norm a l  and is c aused by d i f f e re n c e s  i n  GM tube 

c h a r a c te r i s t i c s . 1 5 The s imi l ar i ty wi th the te st de tector and th e ide a l  

c urve le ads us to the important conc lus ion th at tran s i s tor Q 6  was the 

on ly f a i l ure in H P - R- 2 1 1  and th a t  on ly minor degradation was e xperience d . 

For i n forma tion , F i gure 2 0  shows de tector coun ts -pe r-minute ver s us input 

rad i a t ion l e ve l .  Coun ts -per-minute here re f e r s  to th a t  meas ured by a 

f requency counter whi c h  r e s ponds only to pos i tive going s i gna l t r ans i 

t ions ( " even t s " ,  o r  pho ton/GM tube interactions , occur a t  twi ce the 

c o un te r  r a te ) . 

I 
I 
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Repaired Detector Characteristics . .The curve labele,J 211 i s  a olot 
of _the HP-R-2 1 1  readout vers us Co-60 s ource l evel us ing the test channel 
ratemeter .  The ideal input vs output is shown . The two curves differ by 
a calibration factor as s oc iated with each GM tube. So that there be no 
mistake that HP-R-2 1 1  is operating properly , the test detector is included 
for comparison . This curve a l s o  shows the need for ratemeter calibration . 
The changes in slope at low radiation levels are due to normal background 
radiation . 
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F I G URE 2 0 . GM Tube Characteristics . The det ector count s-per- m i nute are 
plotted vs gamma source level as measured wi th a fr equency 
counter . S i nce the detector was contaminated , the lower end 

. q £ the curve has a s lope change . 



Te s t s  were a l s o  run to determi ne the tempe ra ture dependence of 

detecto r  level r e ad in g s . We found that for an un f a i led det e c to r  temper

atures a s  h i gh as 60 ° C  had n e g l i g i b l e  e f fe c ts . For the f a i le d  HP-R-2 1 1  

detector the readout l eve l s  at room t emperatur e .  are app roximate ly 3 0 %  

lower than those a t  6 0 °C .  Because o f  the d i f f icu l ty i n  r un n i ng tests a t  

various t emperature level s , a l l  t e s t s  were conducted at room temperature . 

C .  Detector Charac t e r i s t i c s  ( Long Cab l e s ) 

Du r i ng t e s t i ng at the Sandia Co- 6 0  Gamma I r rad i a t i on Fac i l i ty 

( G I F )  , the repaired detector and i t s  a s soci ated ratemeter r ad i a tion 

measurement s y s tem wa s observed to indicate er roneous , low
-
radia tion 

leve l s when i n  f ac t  the l evel s were very high . T.he s e  tests we re being 

conducted to inve stigate stri�chart an9mol i e s , and tran s i s tor Q6 had 

been replaced with a f un ct ional one . Also , 1 5 2  m ( 5 0 0  f t . ) of RG 5 8  

and RG 5 9  coaxi a l  cable were us ed to conn ect the :de te c tor S i gnal 

Output and 600 Vo l t  lines to the ratemete r . The decrease i n  radia tion 

level i ndicat ion b egan to be come not i ceable at radiat ion l eve ls above 
. . 

5 0 0  R/H . This multivalued characte r i s t i c  was found to be cau s e d  by 

s i gn a l  re f l e c tions i n  th e long S i gn a l  Output cab l e  wh i ch are s J t up by 

c ab l e  impedance mi s matches o n  the S i gn a l  Outp ut l i ne at both the de tec-

tor a nd r ateme ter. terminat ion s . GM tube pulse interac t ions above the 

an ti j am p o i nt comb i ne wi th th e cable r e f le c t ions to acce n tuate the 

prob l em . 

Although th i s  de tector was not des i gned to accurate ly me asur e  

radia tion l ev e l s  above 1 0  R/H , t h e  ant i j am feature was adde d to keep 

the readout mete r  " pegged" a t  ful l -s c a l e . Rad i at ion de graded de tector 

output d r i ve tran.s i stor s c aus e the e rroneous i nd i cation to be�ome more 

n o t i c e ab l e , and , i n  a LOCA induc e d  environment ,  this mu l tivalue d  

charac ter i s t i c  cou l d  poten t i a l ly b e  haz ardous . The dis cus s ion wh i c h  

fol l ows des cribes t h i s  mul t i val ued characte r i s t i c  in de t a i l . I n  addi -

a :arc.aaau J 2 c: .. 1 s a  jjj]j [££] 
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t ion , i t  w a s  d is c overed that the p res ence o f  the l on g  coaxial cable 

c h anges the detector output characte ris t i c  s omewha t  when transi stor Q6 

i s  in its f a i led s t a te a t  low radiat ion leve l s . This s ub j ec t  i s  a l s o  

d i s cu s se d .  

�u l t ivalued Output 

F i gu re 21 sho�s data taken at GIF and t he S andia Vertical 

Range for three detector conditions . The variable mea sured and 

recorded i s  the ratemete r  stripchart output voltage .  As stated ear l ie r , 

this vo ltage i s  p roportional to radiation level s  up to approximately 

20 R/H ,  whereas t he ratemeter meter peg s a t  10 R/H . The normal , 

expected output _i s shown in Curve A .  The se data were generated us ing 

the t e s t .  detector . The detector .to rateme t er interconnection cable 

wa s made u s i ng a shor t ,  unshie lded wire bund l e . The rad i a t ion measure

men t  c hanne l output is proner up to 720 , 0 0 0  R/H . Curve B shows the 

output of the s ame channel e xcept that 1 52 m ( 5 0 0  ft)  of 50 ohm , RG 5 8  

c oaxial c able was used tO transport the detector output s i gnal t o  the 

rateme te r . . Th i s  s i mul ates reactor use condition s . B o th the de te ctor 

and cable we re exposed to the s ource . The ra temeter ' .output vol tage 

be g in s  to dip s l i gh t ly above 1 0 0 0  R/H 1 howeve r ,  the re adout me ter is 

s t i l l  p egged at 10 R/H . Curve C shows the res ult whe n . the de graded , but 

rep a i re d  HP-R -21 1 detector is us ed with the long cable . Transistor Q6 

was a 2N 3 9 0 6  wh i ch had been de graded by e xposure to 1 x 1 0 6 r ads . The 

c urve dips dramatically , reaching a mi nimum o f  1 5 0  mR/H at a Co-6 0 

s ource leve l  o f  5 4 , 0 0 0  R/H . The output re covers s i gn i ficantly as the 

radiat ion rate i s  increased . The de graded dete ctor i s  s een to have a 

multivalue d  radi ation indication . E xposure o f  the c able along with the 

de t e ctor was found to not be s i gn ifi cant . Victoreen s upplied us w i th 

three new de tectors fo r te s ting in orde r to obta in some s t a t istical data 

regarding th is mul tival ued f un c t i on . In e ach case , these de tectors 

behaved s imi l ar ly to the t e s t  detector . 

t 
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F I G URE .2 1 .  Mul tivalued Readout . Curve A shows the Te s t  detector response to 
the Co- 60 source when a short cable is used to connect the de tector 
to the rateme te r . Curve B gives the response when 1 52m of coaxial 
inte rconne ct cab l e  a re used . Curve C gives ti1e HP-R-21 1  re soonse 
us ing 1 5 2m interconne c t  cable . The re sponse is seen to be mu lti
va lued when long cables are used , espec i a l ly for the degraded detector . 
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Problem caus e - - Several experiments were run in an effort to understand · 

the caus e of the detector dip in radiation indication . I n  order to 

check the maj ority of the detector electronics in HP -R-211 , we removed 

the GM tube from circuit interaction . This was done by shorting across 

it between Rl an d R2 of Figure 9 .  This continuously engages the anti j am 

circuit . The readout was seen to indicate a constant, near maximum, 

indication regardless of source level even up to 7 20 , 000 R/H. This is 

the proper response for this condition . This indicates that the GM tube 

pulse output is interacting with the free-running m�ltivi brator at h i gh 

radiation levels .  

The dip has, in fact, been determined to b e  due to two items : 

impedance mismatches between the coaxial cable and both the detector and 

ratemeter circuits, and GM tube circuit interactions above the antij am 

point . First, an d probably most importantly, the detector output circuit 

is not designed to properly match in impedance the 50 ohm cable attached 

to it . The normal output impedance of the detector is approximately 100 

ohms rather than 50 ohms . Further, the ratemeter i nput appears as an 

open circuit for the steady -state s i gnal . This open ci rcuit combi ned 

with the mismatched driver � ets up reflections i n  the cable wh i ch have 

the same effect as filtering the signal . Since the ratemeter circuit is 

a l inear l og pump, both the amplitude and the frequency of the s ignal 

affect readout accuracy . Figure 2 2  illustrates the effects on the wave-

form of the mismatch . For a voltage V propagating down a coaxial cable 

of characteristic impedan ce Z0, the voltage across the load impedance ZL 

is equal to ( 1  + R) V ,  where R is the reflection constant. If z is the 

termination impedance, R is gi ven by : 

A vol tage of RV is reflected back down the cable.  With a value of Z L = 00, 

R is equal to 1, and V is total ly reflected . 

w: . £  a:: a & IE 
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FIGURE 2 2 .  Input a nd Output Waveforms for a Mismatched 
Transmission Line ( Zs = 250Q, ZL = � ) 

5 0  kHz 1 0 0  kHz 

FIGURE 2 3 .  Mismatch Filtering . For both photographs Z s  = 250 ohms 
and Z L = = • The top, trace is the transmission l ine 
input vo l tage and the . bOttom trace ls the output 
vo ltag e. The input frequencies for left and right 
photographs were 50 kHz and 10 0 kHz respectively . 
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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 th e 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 T0 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 imped<:mce, which fo.r a new detector is 

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

radiation. The HP-R-211 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 antijam frequency of 40 KHz until 

the reflection time T0 becomes a significant factor. Hare "filtering" 

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

�ronitor 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 ch anged its 



characteristics. We did interchange GM tubes between one of the new, 

Victoreen-supplied detectors (SN 1344) and the HP-R-211 detector. The 

HP-R-211 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-211 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�· ..::auld' be .. made to function properly 
u. i; significantly higher radiation dose levels: 

1. reduce R20 and R21 to approximately 50 ohms 

to properly match the 50 ohm coaxial cable: 

2. use more radiation tolerant transistors in 

the Q6 and Q7 transistor slots: 

3. increase the base drives to Q6 and Q7 (if the 

drive was increased too much, the drive to Q5 

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

pulse output to the multivibrator (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 

amplifier) ; 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 undegradea 2N 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· 

&&££ a & = a !,MS£.2.- a _s. kt4MiWiW!t± <t 
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FIGURE 24. Failed HP-R-211 characteristics with 152 m of Coaxial Cable. 

A new 2N 3906 t ransistor wit h a parallel 250 ohm resistor 
was substituted in place of t he failed transistor Q6. RG 58 
Cable was used t o  connect the signal output line from the 
detector to t he ratemeter. Curve A is the nominal-voltage 
characteristic with a short (3 m) coaxial cable. Cu�ve B is 
t he nominal-volt age characteristic using a long (152 m) 
coaxial cable. Curve C is t he 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 negligible' 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-211 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. 

••aa.:aaa au: uan 
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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;04 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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F IGURE 25a . HP-R-2 1 1  Composit e Stripchar t. All 50 6 days of stripchart and 
operator logs are shown . The detector output pe aks at 1 70 rnR/H 
at ab1...1t 0 8 0 0  on March 2 8, 1979 . When removed on Augus t 15, 198 0, 
the detector re gistered only 1.5 mR/H. 



HP-R 211 STR I PCHART 

::r:: 150.0 
........__ 
fl:: 
E 

f-4 
fl:: 100.0 ....:: 
::r:: 
u 
p.. 
-
fl:: f-4 rn 50.0 

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.o 
HOURS SINCE MARCH 28 

PIGURR 2Sh. HP�R-211 Short Term Stripcha rt. Only the first two days of the 
accident are shown on a linear scale. The ESF actuation occurred 
some 9 hours a nd 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-211, points 

ob viously from the same channel are randomly labeled 

with Bs and 9s. This labeling has led to considerable 

confusion by investigators since the paper record is 

quite difficult to read and the p resence of darker Bs 

has led some to the conclusion that HP-R-211, Channel 

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

sively found that the channel labeled 8 and 9 is 

HP-R-211 by examining the stripchart three days before 

the accident when HP-R-211 was being calibrated with a 

Victoreen gamma source. The record clearly shows 8s 

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

In addition, operator logbook readings correspond to 

the 8/9 channel. 

2. 'Th� stripchart speed was 20 .• 3 em (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-211, HP-R-212, and HP-R-213 were cali- · 

brated 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 ratetneter gain 

was also approximately correct. The ratemeter is adjusted 

usi.1g the 49 mR/H source level. 



4 .  The s t ripchart recorde r calibra tion w a s  checked before 

being taken out of service on May 3 0 , 1980 ( operator 

logbook data) • I t  was found that the s tr i pchart was 

accurate at that time , but that the ratemeter readout 

read 1. 5 mR/H instead of 1. 7 mR/H according to the 

st ripchart. 

5. The background reading of 0. 3 mR/H , as read on the 

stri pchart before the accident , i s  approximate ly 

correct. Me as urements made in the vici n i ty of 

HP-R- 2 1 1  by health phy s ics p ersonnel , w i th the 

reactor runn ing at ful l  power indica te tha t 0. 3 

mR/H is a re as onab le re ading (Append i x  A) . HP-R-

2 1 1  was , the'refore , appare n t ly operating correctly 

at the time the accident be gan. 

Gl 
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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�211 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 .Q6 was not degraded. Another factor during this time 

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

flat r;r " s at ura ted " rcspon::c which· should be present if the antijam 

-------------�-----------------------



c ircuit were fun c t ioning . In our tests we found the an t i jam <.'ircu i t  to 

o perate pro pe rly . Fi n ally , we h ave not been ab le to use the de tector 

mul tiv�lued characte r i s t i c  to e xpl ain the magni tude and shape o f  the 

s t r i pchart curve. 

�\le c annot recons truct the radiat ion h i s tory back to the t ime 

o f  the hy drogen burn e ve n  i f  we a s s ume th at tran s is to r  Q6 fai led at 

th at point . The Co-60 data o f  Figure 24 s hows the maximum dete c to r  

indication t o  be 4. 7 m R/H w i th 15 2 m ( 5 00 f t )  o f  c able attached. How 

eve r , the s t r i pchart indication after the burn is a pproximate ly 25 mR/H. 

We must con clude that e i ther the tran s i stor de graded furth e r  after the 

burn, e ven though no more s t r i pch art d i s con tinuit ies are pre sent, or 

that th e cab le driving c i rcui t  was more e f f i c i en t  becaus e of h i gher 

gain ( le s s  de grade .d}  o ut put tran s is to rs . In e i ther cas e the re con

s t ruc tion i s  s omewha t  impre c i s e . If w e ,  neve r th e le s s ,  per form th is 

reconstr uc tion back to A pr i l  17, 19 79 where the recorde d  leve l was 5 

mR/H, we find that the total inte grated dos e  is a pproximate ly one order 

of magni tude lower than that e s tima ted us ing trans i stor degradation 

data ( se e  S e c tion V} . Thus , .e i ther th� recon s t ruc t ;i.o n  i s  too low by an 

o rder o f  magn i t ude or, again, the s t r i �chart i ndication be fore the 

hydro gen burn i s  orders of magn i tude too low . 

The s e  incon s i s t en c ies may be resolvab l e  after othe r det e c torR 

h ave b e en e xamined . E ve n  now we c an recon s truct a "mos t l ikely" t ime 

pro f i le using mul t ivalued characte r i s t i c ,  total dose and cal ibra tion 

i n format ion; however ,  i t  i s  premature at this t ime to do s o .  Th is wi ll 

b e  done i n  another re port . 
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V. TOTAL GAMMA DOSE 
A. summar y 

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

large amounts of radioactive contaminants were spr ead 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 r adiation 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 r adiation 

dose r eceived 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 r eceived inside the aluminum case 

is due to gamma r adiation having energies in the r ange of 0.5 to 3.0 MeV. 

Table 3 summarizes our findings. 

TABLE 3. Total Gamma Radiation Dose Estimates 

NOMINAL RADS 
(Xlo5) 

ERROR BARS 
RADS (XlOS) 

TRANSISTOR GAIN1 
DEGRADATION 

2. 5 

0.8 TO 5 .1 

1 Average of 6 transistors. 

ELASTOMER2 

TEFLON 
SLEEVE 

2.0 

0.7 TO 6.0 
(EST.) 

BUNA NITRILE 
0-RING 

1 0. 0 3 

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

3 The a6 ring appears to be very near its damage threshold 
of 1 0  rads. 
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By u s i n g  the tran s i stor data, we estimate the nominal rad ia

t ion do se received by the detector e lectronics to be 2. 5 x 1 05 rads. 

The tran s i stor data are bel ieved to be the most a ccurate, s ince sub-

stantial degradation d i d  occur , and because more samples were tested. 

The teflon s leeving had reached a dose-level threshold where noti ceable 

degradation had occurred; however, s ince only two samp les of unknown 

pedigree were avai l ab le for tes t ,  the uncerta i nty i s  larger. Although 

the 0-ring had barely begun to degrade thereby increas ing the uncer

tainty, the dose was almost certainly below 1 0 7 rad s. We have not used 

integrated stripchart data to estimate total dose, bec aus e as des c ribed 

in the previ ous section , the stri pchart data for the first day or two 

o f  the acc ident are not f u l ly understood. 

Although a total gamma dose of 2 . 5  x 1 0 5 rads is h i gher than 

the des i gn requi rement of 2 x 1 0 4 rads for most equipment at TM I-2, it 

i s  below levels requ i red today for mo st new reactor equipment. 

It shou l d  be under stood that the use of transistor and 

electronic ma terial degradation c an only provide rough estimates o f  

radiation do se� B a se material parameter s, processing characteri st
'
i c s  

and short a n d  long term armealing a l l  introduce uncerta inties which 
. . 

are ·dif f i c ult to qu anti f y. We have considered these uncertainties 

a nd present the va lues in Table 3 as rea sonable·estimates. 

B. Tran s i stor Degradation 

Damage Mechani�m 

The permanent damage produced in semicqnductor s  by gamma 
1 1 , 1 2 

rays is o f  the.same type a s  that produced by electron bombardment. 

Tran s i sto r parameter c hanges are a result o f  two e f fects: bulk 

sil i con damage and i nducement of surface state s. 

For bulk sil i con gamage, o r bital electrons are exc ited and 

scattered by energet i c  gamma photons, and these electrons may tran s fer 



I 

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 parametets 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 expos1.1re 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 

Si02 - Si 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·;ed .from HP-R-211 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, IEBO), 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-211 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 c hanged 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 Q7 from HP-R-21
,
1 was a Fair

child 2N 3904, and at a collector current of 100 J,JA 
'
had a gain of 61. 

: . . . . . •. . . " 
This corresponds to � riomiri�l total dose estimate of l.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 tm: 

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

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

as the statistical average .• · 
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FIGURE 25. 

ro5 
GAMMA DOSE (P.ADS) 

Trans istor Ga in Degradat ion. 
of trans istor Q7 was 61 a t  a 
of 1 00 �a . T his cor r espond s 
d o s e  o f  1.6 x 105 rads u s ing 
2N 3904 data .  

" : t • •  

T he mea s ur ed gain 
collector c ur r ent 
to a nominal ga mma 
Nat iona l Semiconduc tor 
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Table 4. Transistor Total Dose 

TRANSISTOR TYPE1 

2N 3565 • • •  Q3 FSC (HFE==2 0 0 ) 4 

FSC (1 0 ea ) 1E4 3 . 8E4 1 . 1 E5 p 
NAT {1 0 ea � 1 E4 4 E4 1 . 5E5 F 
AVE IE4 3. 9 E4 l . 3E5 

2 N  39 0 4  • • •  Q7 FS C {HFE==61 ) 

FSC {1 0 ea ) 3 . 2E4 6 . 5E4 9 . 5E4 E 
NAT (10 ea ) 1 . 5E5 1 . 8E5 2 . 2 E5 E 
AVE 9 . lE4 1 . 2E5 r:6E5 

2N 39 0 6  . . . Q2 MOT {HFE=86) 
FS C (5 ea ) 3. 8E4 5E4 1 . 2E5 E 
NAT (1 0 ea ) 1 . 4E5 7E5 1 .6E6 E 
T I  (1 0 ea ) 6 . 5E4 1 . 1 E5 2E5 G 
A VE a:TE4 2 . 9E5· M'E5 

2 N  39 0 3  . � .  Ql {HFE=35. 5) ,  Qi+ (HFE=2 0 ) , Q5{HFE=38) 
(HFE AVE==31 ) ,  ALL FSC 

FSC (2 ea ) 7E4 · 1 . 5E5 3.6E5 E 
GE (1 0 ea ) 1 . 5E5 2 . 5E5 4 E5 G 
NAT (1 0 ea ) 1 . 5E5 

-
. 2. 5E5 4 E5 F: 

AVE 2 ·:2E5 4E5 

5 OVERALL AVERAGE .75E5 1 . :7E5 3 . 2 E5 

NoTES: 
1 .  The manufacturer a nd number o f  d ev ices tes ted a r e  show n. 

Fairchild (FSC) , Na tio nal lNAT), Texas Inst+uments (TI) , 
General El ectric. (GE) , Moto r ola {MOT) � 

3 

G 
G 

F 
E 

E 
G 
E 

E 
G 
E 

2. T h e  r a ng e  in r .ad s is d etermined b y  the inter s ection o f  the 
HP-R-211 trans is to r  gain with the minimum, average a nd maximum 
gain vs no s e  pl ot. . All data is for· Ic •· 1 0 0  IJA . 
Exp onential notation is us ed •

. 

3 .  curv e ma tch r ef er s  to the g eneral shapes o f .  the cur r ent 
gain vs col l ector cu r r ent and sa turation vol tag e vs 
col l ector cur r ent ch aracteris tics of HP-R-2 1 1  and the 
d os imetr y d evices . Th e su bjective des ignators r efer to 
how s imila r th e dos imetr y device chara cteris tics were to 
th e HP-R-211 cha ra cter istics; 
E • excl l en t, � � g ood* F = fair ,  P = po or 

4 .  The HP..;.R-211 trans istor des igna tors a r e  l is ted, along with 
manufactu.t"er and measured gain a t  1 00 IJA . 

· 

5. T h is is the "aver ag e o f  averag e�:�"'; i . e. ,  all tr a n's is tor 
types were weigh ted equa l l y .  
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The do se e stimat e s  g i ven i n  Table 4 must be mod i f ied to 

acc ount for t ran si stor anneali ng and the f ac t  that .the Sandi a  tran si sto r s  

were unbi ased during expo sur e .  Tran si stor g ai n  anneali ng i s  c haracter

i zed b y  an i n i t i al, rapid par tial recovery wh ich is e ssen t i ally complete 

after the fi rst 1 000 ho ur s fo llo wing i r radi ation 2 0• Fu rthe r  recove r y  at 

roo m temperature i s, for pr ac t i c al pur po se s, not ac compli shed . Thi s 

has be en confi rmed by u s by measur ing the TMI transi stor g ains in 

November 1 980 arid agai n i n  July 1 981 . �h ese dat a are pre sented in 

Appendix B, and th e y  sho w  the gain s to be e ssentially unchanged at the 

end of th i s  8 month per i od. The t r ansi stors charac te r i ze d  by us, how-

eve r ,  were pr ac t i cally unanneale d at the time of measureme n t  si nce 

gener ally, the gains were measured dur i ng the first hour o r  two af te r 

expo sure . To de termine the amo .un t o .f anneal,ing recove ry, we measure d  

the gai n s  o f  the se transi stors i n  July 19 81 to compare with the November 

1 9 80 gai n s. These data are also in Appen dix B. ·:sub stan tial annealin g  

has occurred. By plo tting the se ann ealed poi n ts on the gain VS dose 

curve s  an d sh i fting t he degradation curve s  upwards propo r tionate ly, we 

find that. t he tot al dose e st i mate s o f  Table 4 rrlust be mult i pli e d  by an 

aver age annealin g  correction fac to r  o f  1 .6 .  
. . . . 

The ltte r at�re 2 1  s�ggests that gamma ir radi ation o f  NP N tran -

si sters under reve r se collector-to -b ase b i as re sults i n  substanti ally 

more damage than i f  they are i rradiated passi vely. Conve r sely fo r P NP 

tran si stors passi ve irrad i ation is more damaging. To check th e e f fects 

o f  b ias Asse lmeier exposed 6 NP.N tran si stors to 1 .5 x 1 05 rads unde r 

three condit ions. One group o f  two de vic e s  was passively e xposed, one 

group was e xposed wh i l e  saturated with 1 rnA of collecto r  c urrent, and 

one group was expo se d  with a 1 0  vol t  collector-to-base reve rse voltage. 

He found that th e post radiation 9ains o f the re verse-biased devi c e s  

were perhaps 30% lower than tho se o f  t h e  passive and saturated de vices. 

The TMI transist o r s  9eneral ly were switch in9 between c utof f  and satura-
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t i on at a SO% duty c yc l e ;  ther e fore, the e f fe c t s  o f  b i as are d i min i she�.  

P o we re d  and unpowered test s  reported 21 on 2N 1 61 3  ( NP N) , 2 N  2 102 (NP N) 

and 2 N  3 79 9  (P NP ) tran si stors suggest that t he do se e st i mate s of the NP N 

t r an si stors should be d i vided b y  a corre c tion fac to r  o f  3 . 0  assuming a 

5 0% duty c yc l e ,  wh i l e the P NP est imate s should be mul t i pl i e d  by 1 . 7 . 

When the se anneali n g  and b i as factors are co mb ined wi th the 

value s in Tab l e  4 ,  our total dose e st i mate s become 0 . 85 x 1 04, 2 . 5  x 1 05 

and 5 . 1 x 1 05 rads for the lower, nominal and upper val ue s .  

Cave at s 

Al though we feel some what confident about the do se e stimate, 

se veral 
'
po i n t s  should b

'
e made· reg �rd ing t his met hod of dosi me try .  

1. Manufacturer . It was not po ssible fo r us to obtain 

tran si st o r s  f rom the same lo t s  of t ran si stor s  as 

t ho se use d  in HP- R-2 11 . For that ma.t .ter , in the time 

al l o wed to proc ure tran si stor s, we we re not even able 

to o btain devi ce s, in some c ase s, f rom the correct manu-

f acturer . We c hoo se to min imi ze the se po ints, howe ver, 

becau se of the inherent var iabil i ty in trausi stor 

c harac t e r i st i c s regard l e ss o f  manufac turer. Stati sti cal 

averag e s  become more i mportant than the manufac ture r .  

2·. Cur rent l e ve l .  The col le ·ctor current l e ve l  of 100 lJA 

se l ec ted f o r  compari son was not at the HFE peak point; 

h o we ve r , . se veral compari so n s  we re made at the HFE peak 

po i n t ,  and the r e su l t s  were simi lar . 
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3. Energy dependence. The majority of the gamma emi s s i on 

occurs in the range of 0.5 to 3. 0 MeV. Since tran s i stor 

parameters are affected pr imar i l y  by the tota l energy 

depos ited as mea s ured in ra d s , the energ y  spectrum o f  

the source ha s a neg ligi ble e f fect (except for very 

low energies ) .  Therefore , in thi s a l lowed region , the 

cc-6 0 source ( 1 . 2 5 MeV ) i s  an excel lent simul ator. 

4. Bias. Transi stor gains begin to drop off signi f icantly 

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

that·. saturation res i stance i s. relatively una f fected , 

indicate that 
·
surface states art! respon sible for the 

majority o f  the damage. Bia s effects therefore must 

be considered. As stated , we have very l ittle data 

regarding what correction facto rs should be u sed. The 

5 0 %  duty factor introduces another. variable. The bias 

correction .factor s o f  3 and 1 .7 are on ly estimates. 

They are, however , in l i ne \·lith our l imited test data 

and tes t  data of ot:��:c.· .. 

5 .  Annea l ing. Annea ling ha s occurred in both the TMI 

trans i stor s and tran si stors character i zed by us. We 

have a s sumed that the e f fects of annea l ing can be 

l i nearly extrapol ated to lower doses .f rom the dose o f  

3 x 1 0
6 

r a d s  where annea ling changes were measured. 

We have a s sumed that e s s entially a l l  anneal ing occu r s  

dur ing the first 1 0 0 0  hours, but that none occurred 

during the 1 to 3 hours between mea surement and test. 

The anneal ing co��ection factor o f  1 •6 i s  an average 

applied . to a l l  tran s i stor types equa lly. 
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c. Elastome r i c  De grad at ion 

A polymer is a hi gh ly ordered chain of mo lecules with ve ry 

li ttle degree for free dom of a toms . Rad i a tion acts to des troy these 

mo le c ular bonds . This has the e ffec t  of alte r i ng ele ctrical ins ulating 

proper t ie s ,  we i ght (be cause of outgass ing), and s t rength. By mea s uring 

the tens i le s t re ngth and e longat ion at the time of rupture and comparing 

with properties of un irradiated material, we c an estimate th e total 

gamma radiation dose r e ce i ved. 

Te flon and BUNA-N rubbe r were an alyzed for de gradat ion . The 

teflon s amples were used as w i re ins ula tors on the che ck s ource assembly, 

whi ch is mounted on the printed wi ring b oard. Thes e two 30 gage teflon 

s le e ves were 38 mm long and h ad 0 . 29 2  mm an d 0.229 mm ID and nominal 

wall thicknes s  respecti vely. The type of teflon was not dete rmined 

(F.EP or PTFE); h owever, the di ffe rence in pos t �i rradiat ion properties 

is sma ll. The other mate rial was th e .  detector li d o-ring. we de ter

min ed thr ough gas c hrorriotography on an o-r ing from a new detector th at 

the mat erial w as BUNA-N (Ni tr i le )  rubber. This was independently con

firmed with Vic tore en. The res ults of data taken on an Ins tron Mode l 

1 020 t en s i le testing mach ine are lis ted in Tab le 5 .  In e ach c as e  new, 

un irradiated s ample s from a new detector we :te compared with tho se from 

HP-R-21 1 .  

Table 5. Ela stomeric Degradation 

HP-R- 211 NEW DETECTOR 

ELONGATION FORCE AT BREAK ELONGATION FORCE AT BREAK 

TEFLON SLEEVES 

S amp le 1 80% 28. 0N ( 6. 3 .Lb) 310% 40.0N (9.0 Lb) 
S amp le 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) 

0-RINGS (BUNA-N) 

sample 1 245% 32.5N ( 7 .  3 Lb) . 24 5% 45 . 4N (1 0.2 Lb) 

S ample 2 29 0% 36., 5N ( 8. 2 Lb) 205;% . 38.3N ( 8.6 Lb) 

S ample 3 310% 37 . 4N (8. 4 Lb) 205% 4 1 .4N 9.3 Lb) 
. --

Avg . 281 %  35 . 6N (8.0 Lb) 218% 4L8N 9 .4 Lb) 



These data show that neither the teflon or the o-r ing experi

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

radiated o-ring are better than those of a new sample. This i s  eas ily 

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

spar se because it i s  not widely used in radiation environments, since 

it under goes property changes s ooner than othe r polymers. We were for

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

tion levels were just ab ove the damage threshold. Based on information 

from Etherington's Nuclear Engineering Handbook and CERN - Eu ropean 

Organization for Nuclear Research's Selection Guide to Organ ic Materials 

for Nuclear Engineering- 197 2, the abs orbed dose was nominally 2 x 10 5 

rads. We est imate the dose to lie between 0. 7 and 6 . 0  x 1 05 rads. The 

·G o-ring appears to be near its damage threshold of 10 rads. Substantial 

degradation should have been observed had the do s e  been as high as 10 
7 

rads. 
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VI, CONTAr1INATION 

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 9 0  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. •i.ty on receipt at Sandia was about 

125 �ci for 128 cm2 for the lid and about 73 �Ci for 709 

2 em for the body. 

7. The ratio of cesium-137/134 was about 6.3/1 during the 

months of November and December, 19 80. 

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 approach1 6  used to i dentify contaminants simply stated was: 

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

prevent s urface contamination from changing location. 

B. Evaluate the innermo s t  plastic bag that contained 

the un it during shipment for any material that may 

have fallen off or rubbed off. 

c. Determine if the contamination levels and types occur 

as hotspots or are evenly di stributed on the top, 

bottom, and s ides. 

o. Conduct a complete evaluation of the o utside before 

open ing the unit. 

E. Remove a sample of the ins ide environment before 

open ing the lid in the event a gas was still 
. . . 

present from the building overpres suri zation. 

F .  · Determine if any contai nment building spray chemicals 

had reached the detector. 

G. Archive the detector lid in a cond ition where it i s  

close to i t s  i n  s itu cond ition. 



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

CONDITION ARfA 

cm2 

AS BECEI�ED 
LID (w/o label, ring, 

1 in2 of Paint) 128.3 
.. VICTOREEN ALUM . LABEL . 11.89 

· :!  CONNECTOR THREADED 
RING 65.85 

PAINT REMOVED (e st.) 6.4.5 

TOTAL LID il28.3 

BODY (e st.) 708.5 
PLASTIC ID LABEL (e st.) 15.94 
PAINT REMOVED (est.) 
TOTAL BODY 
TOTAL LID & BODY 

AFTER HANDLING FOR 
EILM & CIBCUII �QBK 

LID (with label, 
etc.) 

Ring, 

BODY (with labels & 
no paint re moved) 

BEFORE DECON 
(w/o labels, etc. ) 

LID 

BODY 

12.91 
. �08.5 

836.8 

1128.3 

�08.5 

).28.3 
708.5 

8 
CS-137 CS-134 i 

TOTAl PFR ARFA TOTAL PER ARFA 
J,.lCi 1JCi/cm2 J,.lCi 1JCi/cm2 

-86.0 0.670 
28.8 2.422 

4.46 0.068 0.567 .0086 

,5.67 0.879 
-124.9 0.973 

65 to 7.5 0.099 ave 
1.64 0.103 
1.28 0.099 

68 to 78 0.103 ave 
� 

'193 to 203 . 
- ·  

118.2 0.921 

42.2 0.060 

79.3 0.618 
39.3 0.055 

-8 Rat�o Ces�um 137/134 - 6.3/1 (range 5.8 to 6.8) except on connector r�ng. 
.. Evaluated by Los Alamos National Lab - CMB-1 

OTHER 
TOTAL ISOTOPE 

J,.lCi . 

0.11 Sr-90 
Not Det. Telluritm 
<0.002 Plutoniun 
Not Det. Uranium 
(<10 ppm 



so 

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 2 7 and 2 8. 

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. 'Ihe bottom cover had 

five shock indicators attached. They were threshold accelerometers 

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

80g, lOOg and 15 0g indicators. (,A 5 0g indicator attached to the inner 

box of a double-boxed 2 7. 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 em [ 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 5 5 -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 were cesium-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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microcur ies respecti vely. 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 analy s i s  and the 

electr ical i nvestigation, film expo sures were conducted on the entire 

detector hous ing. The purpose of conducting the exposures was to 

determine whether the activity was from unifo rm plateout o r  whether 

the contami nants puddled and dried. The f ilm indicates the latter 

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

d ifferences through photoden s itometer measurements. The pictures 

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

hole in the center i s  that of the lid while the other i s  that of the 

bottom. Fi gure 30 illustrates how the film wa s placed. Type M film 

was used on the lid and "AA" on the bottom. Type M film i s  four times 

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

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

four times more acti vity on the lid. The lid picture (Fi gure 29) 

illustrates that the activity in the reg ion of the aluminum Victoreen 

label i s  hi gher. P ictures of the s ides and bottom illustrated that the 

acti vity was mostly uniform. There were spots on the bottom that 

i ndicate water may have run down the s ides and fo rmed a drip release 

point. As it dried it became a po int for concentrati ng radioactive 

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

bag. Thi s prevented contaminating the fi lm. The bag was 0.00 4 4 5  em 

(0 . 0 0 175 inch) thick and represented a beta particle " range" of 4.8 mg/cm2 

(Figure 3 1) • All film used was Kodak types AA, M, and s ingle coated R 

with 0.0 2 67 em (0.0 1 0 5  i nch) of o range paper with a black poly coating 

sandw.iching the f ilm. The black poly coating was about 0.0 0 6 35 em 
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(0.0 0 2 5  i nch) th ick and represented a beta particle " range" of 7.1 mg/cm2• 

Dark s pots on the film were primarily from beta exposure. To demonstrate 

the contribution from gamma, a set of expos ures were made us ing 0.159 em 



FIGURE 29 . Film Negative of Detector Lid, 
Illu strat ion of the variation i n  beta activity . 
Dark area was over the Victoreen label and light 
rectangular area was a position tag. 

FIGURE 30. F ilm Negative o f  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 em (1/16 inch) 
thick, was used to 
determine whether hotspots 
were beta or gamma 
radiation. 



( 1 / 16 inch) of lead between the detector and film (Fi gure 32). F i lm 

expo s ure fogging (background) was about the same w ith or without lead 

when us ing the same type films a!ld expos ure times. There were no 

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

primarily caused from beta radiation. 

It was evident from the film wo rk that hor i zontal surfaces 

(the lid, the mounting bracket ledges that were facing up dur i ng the 

accident, and the gussets between the mounti ng bracket leg s) were 

the ch i ef contr i butors. These ledges served to trap the contaminated 

liquids that later dr ied and plated out. Clo se o bservation of the 

o r i g i nal film negatives s howed that in the areas where the plastic bag s 

had several fold s the increased thickness was enough to further attenuate 

the beta particles. 

E. Contami nation Level s and Type Identification 

After completi ng two sets of film expo sures, we examined the 

detector to determine the gamma emitting i sotopes and their concentra

tions . ·rhe detecto r housing was stud ied at Sandia Laboratories u s ing a 

gamma spectrometer, while radiochemical analy ses of an alumi num label 

and connector were made at Los Alamo s National Laborato ries. Table 6 

summarizes our findings. 

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

we were able to detect only ces ium-134 and cesium-137 i sotopes. T.o 

quantify the acti v ity levels the detector was rotated through six 

different po s itions (top, bottom, and four s ide po s itions 90 degrees 

apart and measu rements were made at each po sition. The physical s i z e  

o f  the detector a l s o  i ntroduced some geometry problems in counting. 

The uncertaint i es in counting shown in Tab le 6 are a res ult of some 

s hield i n g  by the appa ratus 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 exi s ted. We have, 
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nevertheles s ,  been able t o  determine within some limits the original 

activity on the unit. 

In o rder to expedite o ur effort , the label s on the detector 

were removed along with the mating connecto r pieces at the top. These 

were sent to Lo s Alamo s fo r analysis. F igure 33 shows the detector with 

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

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

label held in place by two screws. Figure 34 shows the maj o r  items 

removed. The analy s i s  of the Victo reen label supported the film work 

resu l t s. Its ces ium act ivity wa s about three times higher than the 

rest of the l id. A reason for thi s may be that some o f  the contaminants 

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

menta verify thi s to some extent . The connector ring was the hottest 

gamma-emitting item sent to Lo s A lamos ( 7  mR/hr vs 3. 6 mR/hr fo r the 

Vi ctoreen labe l ) ,  but it had a much lower cesium activity than the label 

( 4 . 4 6  vs 2 8. 8  � C i ) , Costs limited identification of all the isotopes 

present , but fo r our purposes in determining an app roximate total activ

ity , ces hun- 134 and 1 3 7 , as wel l as strontium ; 9 0  -'were found as the 

principle contaminants. No p lutonium or uranium were detected , 

Perhaps the most significant finding s were the relationship 

between horizontal 
·
and vertical surfaces. The lid had a cesium activ ity 

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

• .  • . . • . . 
2 . 

. .. ·2 .
. 

e sium-137 activity of 0. 9 73 � Ci/cm vs 0. 1 03 �Ci/cm on the sides. 

Table 7 gives the published results1 7  of swipes in the area where 

HP-R-2 1 1  was located fo r comparison. 



F I G U R E  ; ; . Detector with Label s 
Removed. 
A picture of t he . 
detector showing how 
the labels. were . 
attached and the 
overall condit.io n  . .  
o f  the detecto r . 

F I GURE ; 4 .  Labels and Connector 
Parts. 
Parts that were 
removed for i sotope 
and chemical contami
nant evaluation . 
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TABLE 7 

Re sults o f  Swipes , HP-R- 2 1 1  and Su rround ings 

J U L Y  2 3 1  1 980 E N T R Y  

Floor i n  f ront o f  HP- 2 1 1  

Wal l  by HP- 2 1 1  

A U G U S T  1 5 1 1 980 E N T R Y  

Floor under HP- 2 1 1  

Swi pe o f  HP- 2 1 1  i t s e l f  J . l x l o- 5 
0 . 06 6  

2 . 2 x l o -4 

0 . 1 0 0  

9 . 8x l o- 5 

0 . 4 0 7  

1 . 6 x l o- 3 

The se va lue s i ndi cate that the swipe surveys a re low by over a factor 

o f  1 0 . Thi s i s  to be expected because of the di f f iculty we had in 

decontami nating the uni t .  These swipe survey s and o thers a l so ref l ect 

the rat i o  of 10 : 1  or highe r between ve rtical and hori zontal surfaces . 

F .  I nterna l Samp li ng and Finding s 

Fo l lowing the initial eva luation of the unit exterior and the 

e lec tron ic inve stigation and c a l i bration , the de tector wa s prepared for 

opening . A 3 . 8 1 em ( 1 . 5 in . ) ,  1 8  gage syringe was i nserted through the 

rubbe r i n  the connector to remove a sample of contaminant s  that may have 

l eaked into the uni t when the containment bui l ding underwent i t s  pres sure 

e xc u r sion ( s ) . Fi gure 3 5  shows the operation . There wa s no internal 

pre s s ure , a s  it would have been apparent wi th the ej ection of t he syringe 

p l unger . Likewi se , there was no o bvious vacuum because the syringe 

wi thdrew with no undue f.orce . Three gas samp les were removed in thi s 

manner and immediately inserted in 1 0  cc serum- sepa ra tor tubes . No 

measureable level s  o f  radi ation were detectable through the glass se rum 

tubes ( <  0 . 0 1 mR/hr ) . The screws were then removed f rom the l id and the 

un i t  opened . swipes were immed iately taken on the c i rcuit board and the 

hous ing i n te rior wal l s .  Beta r adiation leve l s  were s l i ght l y  above 

background and considered to be f rom the open ing ope ra tion . An inspection 

of the c i r cuit board and i nter i o r s  s howed no sign of mo i sture , . run t: ,  



(\ 

F I G U R E  3 5 , Internai De tector Samp l e  Remova l • 
. Ac tuaL pho t ograph o f  t he f i r s t  sample 

being removed from ins ide the de tec;tor 
prior to r emoving the l id • .  
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oxidat ion , o r  mi ldew . We did have a problem in separating the lid 

from the uni t body . A crust had formed a lmost a l l  the way around in 

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

G .  Non-radioactive Ana l y s i s  

I n  t he proce s s  o f  developing a scenario for the rad i at ion 

t ime hi s tory plot , it became obvious that during the time period the 

containment bui ld ing sprays came on , a l l  the rad iation mon i tors in 

the bui lding reacted . The react ion could have been caused by the 

high temperature or the building pre ssure that preceded the spray . 

Howeve r ,  because a l l  detectors ( located in dif ferent areas and floor 

level s )  reacted at the same time it i s  not very probable that the drastic 

upturns fol lowed by some failure s were caused by temperature , since the 

hydrogen burn did not evidence i t s e l f  throughout the bui lding . The 

highest temperature was at the 3 5 3  foot level and was approximately 8 5°c 

( 1 8 5°F) . Building pressure did not a f fect the 2 1 1  detector a s  described 

above s ince no contamination wa s found inside the unit . To determine 

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

determine i f  there were any traces of sodium or boron . Scanning 

e lectron microscopy ( SEM) , energy dispersive spectroscopy (EDS) , and 

x- ray d i ffraction ( XRD) analyses were done at Sandia on the e l ectrical 

connector . Because o f  the predominance o f  other e lement s ,  ne ither sod ium 

nor boron could be found , howeve r ,  the presence of calcium indi cated that 

hard water had contacted the connector . The aluminum Victoreen labe l ,  

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

a long with o ther items , wa s analyzed for sod ium and boron . Thi s was done 

by leaching a sample with pur i f i ed water and chemical ly ana lyz ing the 

results .  Thi s proved conc lusively that the detector had been sprayed . 

The results are shown 1n Table 8 .  



Table 8 

Alumi num Victoreen Label Analysi s 

NaOH 1. 25 microgram 

Na2s 3 oN .s 1 m icrogram 

Boron 0 . 25 mi lli gram 

Sodium 1. 56 mi lli grams 

Cs-137 28. 8 mi crocuri es 

.Appendi x C conta i ns t he complete documentation concer ning these analyses . 

H .  Archi vi ng 

As part of our origi nal objecti ves, we determi ned that 

some i tems should be archi ved i n  the event that some questions may 

ari se regarding ' ctivi ty, decontami nati on . •tc. The entir e  detector 

li d, less i ts alumi num Vic� oreen label and one . square inch . of pai nt, 

were stored. None of t.he paint scrapi ngs, connector parts, the i nternal 

atmosphere sam ples, or the plasti c label plate f rom the detector body 

side have been analyzed. . Lac.k of funds. and time have prevented these 

analyses as well a� a c omplete i nvesti g ation of the fi lms exposed to 

. c harac teri ze the hotspots . 
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V I  I .  DECONTAr1 I NAT ION 
Al l the decontamination ( decon ) work was done on the de tector 

body . As previous ly st ated , th e l i d  was pres erved for future in formation . 

The in formation that exists at this time indicates that the contamina tion 

and consequen t radia tion leve l s  prevent sending teams o f  people in to 

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

fore , was to analyze decon methods by s i mply app ly ing a solution , rinsing 

i t ,  and de termining its e f fectiveness . There are some l imitations that 

mus t be applied to properly interpret the resul ts . Some re sul ts are 

tabula ted as " percent de crease " J  this is a compari son to the previous 

acti vi ty and not to the starting activity . The more contamination that 

i s  removed the harder it gets to remove the rema inde r .  Because of th is , 

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

is the first painted i tem that was removed from conta inment and repre 

sented the most re levant surface to decontaminate . I t  has a gray paint 

on a rough cast aluminum surface . 

Table 9 s ummarizes the e ff i ciencies o f  the various decon steps . 

Hand ling was con s i dered to be the firs t s tep . I t  i s  s i gn i f i cant that 

about 44 pe rcen t was lost . th rough the handling requi red to conduct tne 

f i l m  exposures and to make e lectronic measurements . Throughout these 

exercises care was taken to reduce rubbing , but a s i gn i f i cant quantity 

c ame o f f  e a s i ly .  

Five d i fferent decontamination methods/s teps were performed 

and , in four out of the five s teps , i t  was a l iquid lightly s prayed onto 
' 

the de tec tor body . A 500 mL squirt (wash)  bottle was used to app ly the 

solutions and to rinse them o f f  in the manner shown in Fi gure 3 6 . The 

noz z le pres sure was controlled by hand squee z in g  and was limited to 

,9 
a . t&ZZ££ sa 
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TABU 9 
DECONTMIHATIOI 

HP-R-211 AREA ftONITOR 
IIOTES: I l l  vecontaaination vas conducted only on the detector body. 

121 .llpprOaCh: No scrubbinq, 1""' velocity spraying only. 
Ill Jatio of cs-137 to Cs-134 vas about 6 . 3/ 1  in OCt . thru Dee . 1980. 
( 41 c.alculated, .......,. ..., relative _position -asur-nts 

· OCCONTAI'IIHATIOI STEP 

'AHMA SPEC. ANALYS I S  
( 4 )  

Activity cca-1371 pC -� • cnl 
Percent DeC� per S tap 

t � - Reducti...-Pen:eD 

Mash i lliJ>se Solutiot> Ac t.(C.-137 
pCi) 

&ETA - �  Ptt08E 

Beta 
c
JatiO (Beta to c-

(A"9) 

I 

p (hotJipot) 

I 
Percent Deer- per Step 

Beta/� (A."91 
Beta/� (hotSpot) 

�. Reducti...-Percen 

Beta/� (A"91 
Beta/� (bot:Jip<>t) 

PeAk to Avq Jat:LO 

!leta/� 

t 

1..10 oo��ad/h:c- (ao label l 

lleta/� 
Avq 

AS \8EFORE DECOIII 
RECEIVED IWIDLIII6 

� 0 � 3 l 
-u 

-

2 0 . 5  
3 . 3  
6 . 2  

98 . 2  
7 , 9  

12 . 4  

-
• - '  

-

0/0 
0/0 

4 . 8/ 2 . 4  
'· 

254/19 

:;�� SPRAY " .:��ss 

� 3.6 � 30 . 1  � 18 . 9  
u . s  1 0 . 5  ] 7 . 3  

u . s  23.4 52 . 0  

3 . 63 2 . 69 -

1 7 . 1  16 . 4  9 . 6  
2 . 8  2 . 5  1 . 5  
6 . 1  , _ ,  6 . 4  

8 0 . o  7 1 . 0  46 . 2  
' · '  5 . 9  3 . 4  

12 . 1  12 . 0  1 3 . 6  

17/15 4/11 4 1/40 
19/16 11/ll 35/42 

17/l!i 20/24 53/!>5 
19,(16 28/25 53/57 

4 . 7/2.4 4 . 3/2 . 4  4 . 8/2 . 3  

T1JRCO 4!>.1.��-
l/2 HR. SOAX I 't""uLRti !� 

No Data No DaY--
,-- 1 0 . 1  

No Data 4 6 . 2  TOta 

No Data 74 . 2  TOta 

- -

5 . 6  4 . 4  
0 . 98 0 . 7 6  
5 . 7  5 . 8  

2 6 . 4  1 5 . 7  
2 . 2  1 . 5  

12 . 0  10 . 5  

42/35 21/22 
43/15 U/32 

73/70 79/77 
73/72 84/Sl . 

4 . 7/2. 2  3 . 6/ 2 . 0  
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V I  I I DEC01HAr1 I NAT I ON 

All the decontaminat ion (decon) wo rk was done on the de te c to r  

body . A s  pre vious ly s t ated , t h e  lid w a s  p re s e r ve d  for future i n fo rmation . 

The i n fo rmation th at exists at th i s  t i me i ndi c a te s  that th e  con tamination 

and conseque n t  radiation le ve ls pre ve n t  s ending teams o f  people i n  to 

s cr ub and w ipe down the bui lding and its equipment .  Our approach, the re 

for e , was to analy z e  decon me thods by s imp ly apply ing a solution, r i n s i ng 

i t, and de termin i ng i ts e ffe c t i veness . The re are s ome limi tations that 

mus t b e  applie d  to prope rly i n te rpre t the result s .  Some re s ults are 

tabula te d  as " pe rcent de crease " r  this i s  a compari s on to the previous 

ac t i vi ty and not to the starting acti vity. The more contamination that 

i s  remo ve d  the h arder it gets to remove the remainde r .  Be cause o f  th i s ,  

a he avi e r  we i gh t  sh , · 1 ld be app li e d  to the methods u s e d  a t  the end . Th is 

is the fi r s t  painted i tem that was removed from c onta inment and repre 

sented the mos .t  rel e vant s ur face to de contaminate. It has a gray paint 

on a rough cast a luminum surface . 

T able 9 summa r i ze s  the e ffi c iencies o f  the var i ous de con s teps . 

Handli n g  was con s idered to b e  the. fi r s t  s tep. It i s .  s i gn i fi cant th a t  

about 4 4  pe rcent ,was los t  through t h e  handli n g  requi red t o  conduct the 

fi lm e xpo sur e s and to make e le ctronic measurements , Throughout the s e  

exerc i s e s  c are was taken to reduce rubbi n g , bu.t a si gn i fi c an t  quan t i ty 

c ame off e as i ly .  

Fi ve diffe ren t  decontamination methods/s teps were performed 

and ,  in fou r  o u t  of the five s teps , i t  was a liqui d  light ly s prayed onto 

. the de te c tor body . A 500 mL squirt ( wash) bot t le was used to apply the 

solutions and ·to r i n s e  them off in the manner shown in Figure 36 . The 

noz z le pres s ure was contro l le d  by hand squee zin g  and was limi ted to 

9 3  
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TABLE 9 
DE:CONT .MiliA Tl ON 

HP-R-211 AREA �ITOR 

IIOTES: Ul Decontaainatioo vas conducted only on .
the 'detector body. 

1 2 1  Approach• 110 scruhbi1>9, low velocity sprayi1>9 only . 
I l l  Ratio of Cs-13 7 . to Cs-13• vas about 6 . 3/ l , in Oct. tbru Dec . 1980. 
1•1 calculated, based on relative position_ .easureaents 

IECOIHAI'IIIIAT ION STEP 

�� SPEC. A�LYS I S  
( 4 1  

Activity (CS-137 ) �C: � 
r.rcut - Dec ,.,... per Step 

t Ace�a. Jltoduction-Percen 

llash • R.iAM Solution Ac t.ICS-137 
pCi) 

BETA - �� PROBE 

llflad/hr �ter Deeon Step 

Beta 
ca
Ratio (Beta to ca-I 

(Avgl 

llflad/hr �ter DeeOD Step l)lotapotl 

) 

Percent DeCrease per Step 

aeta/ca- (Avg) 
Beta/ca- (hotspot) 

Accua. Reduction-Percen 

Beta/ca- (Avgl 
Beta/Gil-.. (hotspot! 

Peak to Avq RatiO 

��eu/ea

t 

uo ����ad/b.r- (no labe l l 

Beta/ca-& 

Avg 

AS . lBEFORE DECOIU 
RECEIVED IWUlLIII6 

� 0 � 39 . 3  

. � .. 

-

-

:Z o . s  
3 . 3  
6 . 2  

98 . 2  
7 . 9  

1 2 . 4  

-
-

0/0 
0/0 '  

.• • 8/2 . 4 

25<1/19 

;� IIIC��:r ... u;,�:.:. 

� 3 .6  � 30 .1 � 18 . 9 
u . s  1 Q . 5  37 . 3  

u . s  2 3  •• 5 2 . 0  

3 . 6 3  2 .6 9  -

17 .1 16 • •  9 .6 
2 . 8  2 . 5  1 . 5  
6 . 1  6 . 6  6 • •  

8 0 . 0  7 1. 0  4 6 . 3  
6 . 6  5 . 9  3 . 4  

1 2 . 1  1 2 . 0  1 3 . 6  

17/15 •tu 41/<10 
19/16 ll/11 35/42 

17/15 20/24 53/�S 
19/16 28/35 53/57 

4 . 7/2 • •  4 .3/2 . <1  <1 . 8/2 . 3  

1lfK21.�!:l�� 1-HR SOAA 

110 Data � l 

110 Data 46 . 2  Tot& 

110 Data 74.2 Tol:al 

- -

5 . 6  4 . 4  
0 . 9 8 0 . 76 
s.  7 5 . a  

26 . 4  1 5 . 7  
2 . 2  1 . 5  

1 2 . 0  1 0 . 5  

U/35 21/22 
43/35 U/32 

73/70 79/71 
73/72 . U/81 

<1 . 7 / 2 . 2  3 . 6/ 2 . 0  



FIGURE 3 6 . Typical Decon WaAh and Rinse Opera tion . 
Demonstra t i on of the method u sed to apply 
the wa s h  - s o lutions or ri nse water . _ 

· 
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prevent spla shing the. contaminants beyond the catch beaker rim . The 

third decon s tep was low pres sure s team . I t  was an attractive cho i ce 

because i t  appeared that a f ter the first two washe s ,  the activity was 

imbedded in the paint and higher temperatures might l iberate the 

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

and pres sure a nd at the s ame t ime keep the nozzle velocity to a minimum . 

An advantage to the use of s team i s  that i t  keeps the quantity o f  l iquids 

to a minimum thus reducing hand ling problems . 

An extension o f  the loss due to hand l ing wa s  the first 

decontamination step u s i ng a 500 mL potable water r inse . It was fel t 

that t he loose ly-he l d  c ontaminants would come o f f  with thi s sma l l  

a s s i s tance a n d  would ind icate a separation between the more easily 

removable from t he tenac iou s .  About 50 percent of the initial 

activity r emained a fter this step . The table ,  however , illustrates 

thi s a s  the f i r s t  decon step with a 14 . 5  percent reduction . The water 

was l ater reduced to 4 5 0  mL and put in a "Marine l l i  Beaker " for 

mea surement . T he gamma spec analysis s howed tha t  3 . 6 3  �Ci of Cs 1 3 7  

wa s r.emoved . 

A commercial l aundry detergent (Tide
™

> �·ras usec't next , mixed at the 

ratio o f  2 tea spoons per 5 0 0  mL of warm water . After the spray wash the 

surfac e  was drip dried for 5 minutes and t hen r insed with 5 0 0  mL of cold 

tap water . A surpr i s ingl y  small 1 0 . 5  percent reduction was accomp l i shed 

with thi s method . Both the wash and r i nse waters were collec ted and 

concentrated (by boi l ing) to 4 5 0  mL each for measuring . The total Cs 1 3 7  

removed w a s  2 . 6 9 � C i  and the reduction closely coinci ded with other measure

ment s . No further solutions were evaluated following this ste p ,  s i nce our 

instrumentation methods c lo s e ly agreed with the solution mea surements .  

The detergent spray s tep i nd icated that the remaining activity 

was f irmly embedded i n  the paint and possibly in the aluminum . 

Liberation o f  this activity by e l evat i ng the temperature , u s i ng steam, 

was the next s tep . A commercial e ngine c l eaning and degrea s ing steam 

: � I ,  
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sy stem wa s used . A number o f  problems we re encounte red in getting 

the steam temperature and matching pre s sure l ow enough to use . We 

e st imate the pres sure to range from zero to 5 psig . The steam wa s 
� 

puf f ing from the end o f  the no z z l e  and had no s ignif icant veloci ty . 

A 37 percent d rop in the activity leve l from the preceding step 

was accompl i shed . As s tated earlier , steam has some advantage s in that 

it requi res l e s s  f l ui d .  An alternative method may be to e l evate 

the tempe rature through the use of an oven fol lowed by a warm wa ter 

rinse . Fo r the i n  situ case , whe re the reactor contai nment bui lding 

i s  too radioactive to permit adequate time for personnel to enter and 

decon , another po ssibi l i ty exists . Allow the bui lding temperature to 

r i se to around 9 3°C ( 2 0 0°F)  and turn on the ·. building spra y  system for some 

short period · of time .
· 

Al though thi s appears drastic , i t  wo uld probably 

reduce the level s  to the point where " stay time s "  a l low other decon

tami nation methods to be used . 

Contact with TMI and Bechtel pe rsonne l a bo ut our re sults 

suggested t he final two decon methods u sed . At the reque st of R .  c .  

Hudolph and D .  Gie fer , both. from , Bechte l ,  we sprayed the detector with a 

commercial product t hey supplied . I t  wa s a phosphoric acid chemi cal 

( both chloride and fluoride free)  identi f ied as TURCO 4 S l2A �  The instruc

tions were to spray a 1 0 %  by vol ume solution a nd l et set for 15 minute s . 

The so lution temperature s were to be 6 0° to 6 6°c ( 1 4 0° to 1S 0°F ) . Two 

t e s t s  were conducted using the TURCO solut ion but with some mod ifications 

to the method recommended • .  Fol lowing the wa sh of the f irst test it was 

a l lowed to set for 3 0  minutes before being rinsed . In the second test the 

soak time was l hou r .  Both were approved b y  Giefer . The to tal wa s h  

solution i n  each ca se w a s  5 0 0  mL and a r i n s e  w i t h  7 5 0  m L  and 5 0 0  mL . A l l  

sol ution a n d  r inse temperatures were at 57°c ( 1 35°F) a t  the start and 

a bout 5 2 °c ( l 2 8°F) at the e nd o f  spraying . The f i r st TURCO decon step 

reduced the average activity about 40 percent and the s econd another 
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20 percent . At thi s point the leve l s  on the detector were so low 

( average beta 4 . 4 and gamma 0 . 76 mRad/hr) that any further testing 

would not be warranted . 

I n  conclus ion , it can be stated that the contamination has 

migrated into the paint and wi ll require repeated applications o f  a 

selected decon method . About half o f  the contamination i s  loo sely 

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 ef fectivene ss of the 

decon step . Gamma. spectroscopy .was used to keep track. o f  the . 

relative drop in activity a s  wel l a s  an intermitte.nt check o f  the 

actual changes in activity . The so lutions used to was h  and rinse for 

each step were collected but onl y in the f irst two steps were they 

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

The se.cond .method used .to evalua tte the decon e f fectivenes s  was a 

portable beta-g amma instrument . .  The pur£-iose for thi s was to. determine 

whether the " hotspot"  area s on t he detector dropped fa ster (easier 

and faster to decon) or whethe r 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 poi nt- source pre sentation of relative changes and total 

activity di f ferences ,  while the hand probe wa s a ble to fol low relative 

changes o f  hot spots and general area a s  well as present a true contact 

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

activiti e s .  The principle contaminates were c esium- 1 34 and 1 3 7  emitting 

beta and gamma , and strontium 90 emitting only beta . 

2 MiJXZZi!lii 
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A swipe was taken from a bag that had contained the detector 

in order to generate a calibrated " ab sorption curve " for our probe 

aqainst the type of activity it was to see . The calibrat ion a l so 

cons idered the fact that all reading s  were to be done through a s ing l e  

2 
plas tic bag having a "range " or " absorber thickne s s "  o f  4 . 8  mg/cm • 

Thi s  combined with a probe thickness of 3 0  mg;cm2 for a total thickne s s  

o f  about 3 5  mg/cm2 and trans late s t o  a " transmis sion " o f  3 0 %  or a beta 

correction factor of 3 . 3 .  A cal ibration o f  the Eberl ine HP-2 7 0  probe 

connected to an Eberline " Rasca l "  ratemeter -scaler model PRS-1 and an 

NBS cert i f ied Ces ium 1 3 7  source produced a convers ion o f  1 4 0 0  CPM 

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

following equations were applied : 

mRad/hr ( Beta) 

rnRad/hr ( Gamma )  

Open W indow ( CPM) - Closed Window ( CPM) 
= -

14 0 0  X 3 • 3 

= Closed Window . ( CPM) . 
1 4 0 0  

Appendix D contains some o f  the actual data sheets from the 

hand probe measuremen ts . A total o f  44 locations were selected for 

meas urement initial ly . Thi s was later changed to 28 positions with l i ttle 

e ffec t on the average val ue s . Table 9 i s  a conden sation of a l l  the work 

done in decontaminating the detector body . The bottom l ine o f  the table 

provid e s  hand probe measurements made on the detector l id only for 

compari son , s ince 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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AP PEND I X  A 

S tr ipc ha r t  I nformation 

Appendix A contains miscel laneous documentation used to 

understa nd the HP-R- 2 1 1  stripcha r t  recording . 

Contents 

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

cal ibration prior to accident . 

2 .  Maintenance record ; HP-R- 2 1 1  cal ibration prior 

to the accident . 

3 .  Health physics gamma rate mea surements at ful l 

reactor power . 

4 .  Gamma rate maps a s  measured during manned entries 

1 ,  2 and 3 .  

5 .  HP-R- 2 1 1  stripchart near the time o f  the hydrogen 

burn and sodium hydrox ide spray . 
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Mr. Frank T'hoM 
Division 4445 
Sandia National Laboratory 
P. o. Box 5800 
Albuquerque , NM 87185 

Dear Mr . Tho11111 : 

Mllropallgn ldlton eo..._., 
Pon Off ict Bo• 480 
Mtddttlo-. Ptnn•¥1•ania 170&7 711 944<11041 

22 October 1980 
t-80-242 

A copy of the .Three Mile Island Unit 2 !iological Shield Survey (TP 800/3) 

test resul t s  are attached per ·you.r requeat • . . Al.ao· a.tt ac:hed are a complete set 

of  marked-up drawing• indicating the approximate location where the radiat ion 

readings were taken. 

As di scussed in the phone conversat ion between . yourself  and John Fhnt , 

problems with water evaporat ion from the movable shield tanks around the reactor 

vessel flange area ef fected . the .111eaaured neut.ron dose rate .  A sma l l  e ffect 

on the gamma dose rate woul d  also be expected
·
. .The data recorded at 40% full 

power. indicates the relat ive magnitude of  the problem when compared to the 

data ob�ained at 100% full power . This problefl\ s t i l l  existed on 28 March 1979 .  

If we ca
·
n be  o f

. ·any further aliai�tanc:e , pleaae feel free to contact ua. 

TMH/JHF/do 

Attachmenta 

cc:1 J.  A. BrUmmer, without attachment 
· G . P. Mil ler, without att.ttchlllent 

Correspondence File · 
Central File 

:Sincerely Youn, 

.?� 
T. "!. Hawkina 
Superintendent , Startup and Teat 
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A P P END I X  B 

Trans i s tor Characteristics 

Transi s tor current gain, HFE , degradation i s  plotted in the 

curves given here versus cumulative gamma radiation dose . E ighty

seven devices from four manufacturer s were passively exposed to a 

Co 6 0  source in progres sive s tep s , and the characteristics were 

measured after each step . Tran s i s tor HFE ' s  are plotted for collector 

current s of 1 0 0  microamperes . The three curves shown for each device 

type represent HFE characteristic s  from the minimum device , the 

maximum device and the average of all the device s of that manufacturer . 

Al so shown are the i nter sections of these curves with the HFE values 

mea sured for the devices removed f rom HP-R- 2 11 . The number of devices 

of each type a s  well a s  the manufacturer is listed on each graph . 

Contents 

1 .  Graph , 1 0  ea . 2N- 3 5 6 5  NSC 

2 .  Graph , 1 0  ea . 2N- 3 5 6 5  FSC � 

3 .  Graph , 2 ea . 2N- 3 9 03 FSC 

4 .  Graph , 1 0  ea . 2N- 3 9 0 3  NSC 

5 .  Graph , 1 0  ea . 2N- 3 9 03 GE 

6 .  Grap h ,  1 0  ea . 2N- 3 9 04 NSC 

7 .  Graph , 1 0  e a . 2N-3 9 0 4  FSC 

B .  Graph , 5 ea . 2N- 3 9 06 FSC 

9 .  Graph , 1 0  ea . 2N- 3 9 06 NSC 

1 0 . Graph , 1 0  e a .  2N- 3 9 0 6  T I  

1 1 .  Anneal Data 

1 2 .  Bias Data 

111 
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1 1 . 

Anneal Data 

TRANS I STOR MFR I N I T I AL NOV 1�8 0  J ULY 1 9 8 1  CORRECT I ON 
T Y P E  H F E  H F E  HFE 1 FACTOR 2 

2N 3 96 5  FSC 3 5 0  3 8  5 5  1 . 3  

NPN NAT 2 4 0  2 9  7 1  1 . 2 5 

2N 3 9 0 3  NAT 90 7 1 4  2 . 0  

NPN GE 7 8  9 1 8  1 . 6  

FSC 

2N 3 90 4  NAT 1 6 0 1 3  : 2 8; 1 . 8  
NPN FSC 1 7 0  1 1  16 2 . 0  

2N 3 90 6  NAT 2 30 3 3  5 3  1 . 8 5  
PNP TI - ,  

FSC - '  

Average 1 . 6  

TMI Ql 3 5 . 5  4 0 � 0 

Q2 8 6 . 0  8 8 . 0 . 

Q3 2 0 0 . 0  

Q4 2 0 . 0  1 8 . 7  

Q5 3 8 • 0 . 3 4 . 0  

Q7 , 6 1 . 0  · 5 2 . 0  

Mea sured a t  Ic = 1 0 0  JJa 
2 Obtained f rom gain vs dose graph s .  Anneal data measured a fter 

exposure to 3 x 1 0 6 rad s . Multiply dose e stimate s by thi s facto r .  

1 17 
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Bias Data 

Trans i stor type 2N 3 9 0 3 NPN FSC 

Exposure level 1 . 5  x 1 0
5 rad s 

Gain measurement at 1 0 0  vA col lector current 

TRANS I STOR 1 N l T I AL1 POST RAD NORMAL I ZED2 B I AS COND I T I ON 
S E R I AL N UMBER H F E  H FE HFE D UR I NG RAD I AT I ON 

1 5 5 . 0  2 5 . 0  4 5 . 4  Vca = + l OV 

2 4 9 . 6  21 . 0  4 2 . 3 vca + l OV 

3 5 9 . 0  3 3 . 0  5 5 . 9  I sat = 1 mA 

4 2 9 . 7  22 . 0  7 4 . 1  I sat = 1 mA 

5 4 6 . 4  27 . 0  '5 8 . 2 Passive 

6 2 4 . 7 1 1 9 . 0  7 6 . 9  Passive 

1 It i s  unclear why the i nitial device gains are so low. 

2 Thi s  refers to normalizing all gains assumi ng the initial 
gain s  were equal t o  1 0 0 . 



A P P END I X  C 

Contam i nation I nformation 

Append ix C contains some of the documentation f rom ana l y z ing 

the contam i nants . 

Contents 

1 .  LANL radiochemi ca l  a nd gamma spectrum results . 

2 .  Sandia investigation o f  the connector s urface for 

building spray analy s i s . 

3 .  LANL tests of the Victo reen label for sodium and 

.boron spray resi d:ue . 

119 
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UNIVEllSITY OF CALIFORNIA 
LOS ..u.AMOS SCDNTIFIC LAJJOJV.TOJ.Y 

(ColfTUC1' W·740S-.,...36) 
P. 0 . ._ 1M3 

Loa Alamo�,. !few llalco .,,... 

IN UPL'I' CHB-1 
·- '1'01 740 

Mr . Frank V .  Thome 
Systems Safety I n formation 
Di vi s i o n 4445 
Sand i a  Labora tori es 
Al buquerque , NM 871 1 5  

Dear Mr . Thome : 

December 2 ,  1 980 

Encl osed are copi es of th e reque s ted radiochemi ca l a na lyses o f  

the sampl e s  recei ved recently from you .  The "connec tor ri ng" a l so 

wa s a na lyzed spectrophotometr i ca l l y for urani um wh i ch wa s not detected 

{< 1 0  ppm} . 

I f  the re are ques tions or further a na lyses needed , pl ease con tact 

me . 

GRW/vmw 
Enc l : a / s  

Very truly yours , 

.r� ,e� 
G .  R .  Waterbury 
Group Leader , Ana l yt i cal  Chemi s try 

c c :  T .  Ga rd i ner , ADEP, MS-1 78 ,  w/o e nc .  
CRMO ( 2 ) , w/o enc . 
F i l e ,  w/ enc . 
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date: 

to: 

from: 

subject: 

1 2 2  

February 1 9 ,  1981 

F .  v. Thome - 4445 

�1./JL.&� ��:&#/ S ,  F .  Dul iere and S .  J ,  Caldwell � 5822 

Sandia Laboratories 
Albuqueroue. New Me•1co 
L���t�rmore. C:al ,lorn1e 

Analye ie o f  Three Mile le land Elec tr ical Connec tor Surface 

S canning electron microecopy (SEM) , energy d iepere ive Rpectroecopy 
(EDS ) ,  and x-ray d i ffract ion (XRD) analyeee were done on an e lectr ical 
connector from the Three Mile leland nuclear power plant to: 1) 
characterize the eurface cond it ion of the c onnector , 2) to ident ify 
the chemical compo s i t io n  o f  the eurface ma terial , and 3) to determine 
if s team from the reac tor malfunction or water from a sprinkler eys tem 
was responsib le for the connector ' s  present cond i t ion. 

SEM obeervations ind ica t ed that the threaded area of the connector 
was corroded and contained material depoe ited on its s urface .  EDS o f  
varioue areae on t h e  connector showed the presence of Cd , F e ,  Cu , Al , 
Ti , S i ,  and Pb , Samplee for XJlD .ana ly s is · were taken o f  surface mat·erial 
from the top of the connector and from the threads, and CdC0 3 and eaco3 
were d e f initely present in the area of the threads ,  and CdC03 and eaco3 
were iden t i f ied from the top mat eria l .  A data reduct ion program indicated 
a low probab ility that the fol lowing compounds were also present in the 
eur face material : l) for the top of the connec tor , CaS04 1 Na2CS • 3H20 ,  
(Al 7Cu2Fe) , CuO , Cu2SiS3 , and (alCu4 ) and 2 )  for the threade ,  
Ca 2Al JSiJOl 2 (0H) , NaN03 , CaH4S i207 ,  and CaJAl6S i2016 •  

The Three M i l e  Island connec tor appeared to exh ibit both corros ion and 
ma terial d epos it ion on its eurface . Cd (cadmium) , CdC03 (cadmium 
carbona t e ) , and CaC03 (calcium carbonate) were d e f initely ident if ied 
as con e t ituenta of the eurface material . For a cadmium plated c onnec tor , 
the presence o f  cadmium carbonate indicated eorroeion , and the d eposition 
of e i l ic a  and calc ium carbonate, cons t i tuent• in hard water , indicated 
that the wa ter f rom a eprinkler sye tem was probab ly ita eource . 

SFD/SJC : S 822 :jg 

4445 L.  0.  Cropp 
44.53 w. J .  Whitfield 
5822 K .  H.  Ecke lmeyer 

5822 S ,  F. Dul iere 
.5822 S .  J. Caldwe ll 
5822 File ( 2 )  



In reply refer to: 
Mall 1top: 

University of California 

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

CMB-1 , HS-740 

Mr . Fra nk V .  Thome 
Systems Sa fety I n forma t i on 
D i v i s i on 4445 
Sund i a  Laboratori es 
Al buquerque , NH 871 1 5  

Dear Mr . .  Thome : 

Februa ry 1 9 ,  1 981 

Refe rence : Program S299 

Ana l yses o f  the V i ctoreen Name Pl a te from TMO have been compl eted . 
. The ent i re samp l e  was rad i oc hemi ca l l y analyzed u s i ng a non-des tructi ve 

method for 1 3 7C s ;  The s ampl e s ur face wa s then l ea ched wi th pur i f i ed 
water to remove s urface contami nati on , a nd the l each sol u t i o n  was 
a n a l yzed for bas i c i ty ,  sod i um� thi osul fate . and boron . The resul ts 
fol l ow :  

1 3 7Cs - 28 . 8  mi c rocuri e s  

Ba s i c i ty ,  c a l c u l a ted - 1 . 25 mi crograms of NaOH 
as NaOH 

N82 S20 , - � 1 m i c rogram 

Boron - 0 . 25 mi l l i gram 

Sod i um - 1 . •  56 mi l l i grams 

Fol l owi ng l ea c h i n g ,  the name pl a te wa s mea s u red for phys i ca l  d i men
s i ons . The a ve rage val ues were a s  fol l ows : 

Thi c kness wi th backing - 0 . 0232 �o 0 .037 i nc h  - a ve .  0 . 0257 i n .  or 

0 . 065 em 

Th i ckness w i thout back i n g  - 0 . 01 73 i nc h  o r  0 . 044 em 

Width - 1 .735 i nc hes or 4 . 41 em 

He i ght - 1 . 062 i nches or 2 .  70 em 

Al l rema i n i ng s ampl es wi l l  be returned to you under sepa rate cove r .  
I f  there are q�..�:stion s , pl eas e  contact me .  

Very t r u l y  yours , · 

A..-.t£� 
G .  R .  Waterbury 
CMB-1 Group Leader 
Chemi cal a nd Instrumental Analys i s  

1 2 3  
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APP END I X  D 

Deco ntamination Data 

Appendix D contai ns data taken dur i ng var ious stages of 

decontami nation. 

Contents 

1. Detector layouts showing the four positions and t he 

location where measurements were taken with the 

hand probe. 

2. Data taken with hand probe of the d etector l id a fter 

the Victoreen label had been removed and with the 

detector body di sconnected . 

125 
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APPEND I X  E 

Examination S teps and Archive S tor age 

The examination of HP-R.:.. 2 1 1  wa s conduc ted i n  such a way to 

prevent the l o s s  of i nformation a s  the var ious steps were taken . The 

l i st be low highlights in approx imate c hrono l i g i c a l  sequence the step s 

that were taken : 

1 .  perform e l ec tr ic a l  method s and cal ibration c he c k s  wi t h  

spaFe d e te c tor a n d  r a temeter ( te s t  c hannel }  

2 • unpack 2 1 1  

3 .  unpowered e l ec tr ical te s t s  

4 .  po i n t  source radioi so tope anal y s i s  

5 .  rad i at io n  s e n s it iv e  f i lm contaminant mappi ng 

6 .  g amma range t e s t  c hannel measuremen t s  

7 .  gamma range 2 1 1  measurements ( powered ) w i t h  a n d  wi thout 
buffer 

. 

8 .  tempera ture and low vol tage t e s t s  o f  t e s t  c hannel u s ing 
g amma source 

9 .  · temp er ature and l ow vol tage te s t s  o f  02 1 1  u sing g amma 
source 

1 0. gamma range 2 1 1  measureme n t s  at l ow voltage 

1 1 . detector 2 1 1  gas s amp l e  r emoved 

1 2 . detec tor 2 1 1  opened and exam i ne d  

1 3 . i n ser t te s t  d etec tor e le c tron i c s  i nto 2 1 1  hou s i ng for 
background level c heck 

1 4. high impedance mea suremen t s  on · 2 1 1  connec tor back shell 

1 5. powered c i rc u i t  board troub l es hooting on 2 1 1  

1 6. nametags and c o nnec to r  sent to Los Alamos f o r  

radioisotope ar.a ly s i s . 
1 7 . repair 2 1 1  by replac ipg Q6 . and aga i n  te s t  a t  g amma range 

1 8 .  f a i led tran s i s tor. s e n t  f o r  ana ly s i s  

1 2 9  



1 3 0  

1 9 .  t e f lon s le eve and o-r i ·  

2 0 .  decontamination t e s t s  

� l ongation t e s t s  

2 1 . f ai lure inducement tests on t e s t  detector 

2 2 . g amma r ange t e s t s  to determine spatial o r  inc ident 
ang l e  var iabi l i ty o n  2 1 1  

2 3 . d etec tor/raterneter cal i br ation expe r iment s  

2 4 . s t eam/spray experiments 

2 5 .  ext r emel y  high g amma source range tests o n  t e s t  and 

2 1 1  detector s  

The u nd i s turbed detec tor hous ing top as sembly , connector , 

backshel l  1 i n . 2 paint scraping , p l a s t i c  lab el ,  and gas s ample a re being 
. . 

held i n  a rc hive s to rage i n  an undistu rbed state . All the components are 

b e i ng s tored . 
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