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ABSTRACT

Questions have been ralsed regarding the accuracy of the in-containment
radiation readings from the LOCA qualified, dome radtation moritor,
HP-R-214 during the March 28, 1979 accident at the Three Mile Island Unit 2
Reactor. This repert discusses the accuracy of the readings, gives the
- results of examining the radiation monitor ttself, and estimates the
--radiation environment inside containment during the accident.
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I. SUMMARY AND RECOMMENDATIONS

The Dome Radiation Monitor at TMI-2 is the only instrument inside
containment capable of measuring the high radiation levels which
might be present during a loss-of-cooling accident (LOCA). As

such, plant technical specifications (Reference 1) require it to
be operative throughout a LOCA. The Dome Monitor provides opera-
tors with radiation level information which can be used to assess
population exposure hazards in the event of a containment failure

and the attendant radiation release. The Dome Monitor reading by
itself can be used to declare a General Emergency. Since the ac-

cident at TMI-2, the Dome Monitor has been assigned a more impor-
tant role in Regulatory Guide 1.97 (Reference 2) which addresses
post accident monitoring equipment. It has been recognized that
a high range monitor can be useful in controlling an accident by
providing operatcrs with one more useful bit of information re-
garding plant status.

During the accident at TMI-2, operators used the Dome Monitor
readings as required and declared a General Emergency based on an
8 R/hr high alarm. Later, they calculated off-site radiation
exposure levels based on a 300 R/hr reading. Our examination of
the Dome Monitor has revealed that, while the declaration of a
General Emergency was proper, the radiation levels measured were
robably inaccurate at that time. Much later in the accident,
they were certainly inaccurate. We show in this report that
circuit failures occurred at various times during and following
the first days of the accident. The accuracy of the monitor was
also decreased by the presence of a thick lead and stainless
steel shield used to protect the detector and its electronics.

Faiiures in the in-containment detector electronics package as
well as chart scaling and other problems encountered in the
control room confused operators during the accident and have
severely complicated attempts by accident investigators to de-
termine the true radiation levels inside containment. Our anal-
ysis of this radiation monitoring channel has led us through a
labyrinth of possibilities and thus through often conflicting
data. 1In our attempts to determine failure causes and to recon-
struct the radiation time history inside containment, we have had
to collect data ranging from the characterization of 1light trans-
mittance properties of irradiated mylar to the effects of humidi-
ty on electrical circuits. It has been a most difficult and
complex task.

In this report we present findings on our primary objective--that
of determining the Dome Mcnitor detector failure modes and our
best estimates of when they occurred. 1In conjunction with this
we make specific recommendations for design imprcvements. Our
secondary objective has been that of determining radiation levels
inside containment, both total integrated gamma dose and gamma
dose rate as a function of time. While we are highly confident



in most of our findings, we have reservations regarding the
accuracy of our estimated gamma dose rate time history.

In general, however, the accident at TMI-2 Jdemonstrates the need

for improving radiation measurements during a loss-of-coolant
accident. The Dome Monitor failures indicate that.similar

systems should be reconsidered. Finally, the accident indicates
that equipment used in containment should undergo more extensive
environmental testing prior to installation. A summary of our.

specific findings follows.

A. FAILURE MODES

The Dome Monitor detector consists of dual ion chambers and a
fairly complex electronics package. These two components are
housed inside a sealed container which is itself inside a sealed,
lead-lined pressure vessel. The failure modes described below
were generally the result of the severe, but not unreasonable,
containment enviromment.

1. Moisture intrusion into the detector electronics package.

The protective stainless steel, pressurized vessel seal leaked
and allowed moisture from the containment atmosphere to enter the

vessel. This moisture easily permeated into the detector elec-
tronics package because of an inadvertent error in sealing the
detector mounting bracket to the detector. This moisture reduced
the resistance to ground in the high impedance ion chamber cir-
cuit and thus degraded the detector radiation measurement accu-
racy significantly. Moisture may have entered the electronics
sometime within the first 3 hours of the accident.

2, DC feedback in the preamplifier. The effects of moisture
were further accentuated by dc feedback paths in the two pre-

amplifier circuits. The lower1ng of preamplifier input impe-
dances by the presence cf moisture coupled with the dc feedback

paths caused the detector to, at times, indicate higher and lower
levels of radiation than were actually present.

3. MOS transistor degradation. Both ion chambers use 3N153
Solitron MOS transistors to form high input impedance circuits.
These MOS transistors were severely degraded by radiation
exposure and eventually caused irregular jumps in radiation
readings.

4. Electrolytic cepacitor failure. Capacitor C17 leaked

electrolyte onto the circuit board sometime after 416 days from
the start of the accident. This leakage not only reduced the

capacitance of Cl17, but also corroded completely through a
transistor lead.

5. Reed switch reliability. We do not think that either reed

switch in the preamplifier circuits failed during the auc1dent-
however, during our failure analysis both actually broke in half.
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E1ther they were both degraded, or they were unacceptably
fragile.

B. DESIGN IMPROVEMENT RECOMMENDATIONS

Our examination results strongly indicate the following design
changes to improve high level radiation monitoring. o

1. Fabricate the detector to be more nearly hermetically sealed.
A single O-ring gasket of such a large circumference and with the
particular sealing arrangement on HP-R-214 is not sufficient.
Periodically seal and leak test the device to verify that it is
sealed.

2. Do not use the detector inside a thick, lead-shielded vessel
since it is impossible to predict levels outside such a shield.
If this recommendation is implemented, the detector electronics
must either be redesigned to operate after accumulating extremely
high total radiation doses or must be removed from containment
altogether. It is quite difficult to design a radiation-hardened
circuit to operate in the Mrad region; therefore, we recommend
placing the electronics outside of containment. (The proper
seals are still reqguired for the ion chambers.) If this is done,
the maximum detection level should be increased from 10 KR/hr to
at least 1 MR/hr. The minimum detection level can be increased
from 0.1 mR/hr to 100 mR/hr. This can be done because this
instrument is intended to operate in a LOCA and not simply to
monitor normal low levels of radiation.

3. Do not use MOS transistors or MOS integrated circuits in any
application where radiation exposure is a possibility. Most MOS
devices are abnormally radiation sensitive and degrade dramati-
cally at reasonably low doses.

4. Use military grade, or better, components in the electronics
package. Mil Standard 883 Class B components should be suffi-
cient for this application. These components undergo rigorous
inspection and testing procedures and have a much improved relia-
b111ty over standard commercial grade components. The electroly-
tic capacitors, plastic-encapsulated transistors, and reed
switches are not suited for use in such an important piece of
equipment, particularly where severe environments are possible.

5. Conformally coat all printed wiring boards. This minimizes

effects in the event that moisture is able to circumvent a
hermetic seal.

C. GAMMA TOTAL DGSE ESTIMATES

Using transistor current gain (HFE) degradation and elastomeric
material degradation properties, we have estimated the total



gamma radiation dose received by the Dome Monitor (HP-R-214)
electronics 'inside the stainless steel vessel and the dose in the
multiconductor cable outside the vessel. We analyzed both at
Sandia National Labecratories (SNL). 1In addition, we have sum-

marized the doses received by other radiation detectors which
have been analyzed at SNL. These doses, shown below in Table 1,

are indicative of levels seen by other instruments and cables
inside containment. These estimates refer only to gamma-induced
damage and not beta damage since beta damage is generally a

surface phenomenon.

Table 1. Total Gamma Radiation Doses Received by TMI-2 Radiation
Deiactors. : . -

Containment
" Elevation :
{Feet) Instrument : Dose (rads)
305 : HP-R-211 2.5 X 10ES
305 HP-R-212 4,5 X 10E5
347 4 HP-R-213 9.9 X 10ES
372 HP-R-214 7.9 X 10E6
Cable
372 : HP-R-214 2.2 X 10E5
Detector

D. RADIATION TIME HISTORY

The original Dome Monitor stripchart recording is erroneous be-
cause the output was plotted on five decade loa paper rather

than on eight decade paper and the recorder was improperly scaled.
Figure 1 shows the bvome Monitor output as it should have been

recorded, i.e. we have corrected the original stripchart to
account for the log paper and scaling errors. This plot presum-
ably gives the radiation levels inside the lead-lined stainless
steel vessel. We have found, however, that some, if not all, of
these radiation measurements are grossly inaccurate.

Our findings indicate that radiation levels recorded in the time
period from 800 hours afcter the accident began until the monitor
was finally turned off are incorrect because of both moisture
intrusion into the detector and component failures. During the
first 800 bhours of the accident, the available data supports the
proposition of two hypotheses regarding accuracy. Hypothesis 1
proposes that the Dome Monitor was relatively accurate even
though some moisture had riobably entered the detector housing.
Hypothesis 2 says that the monitor was inaccurate for substan-
tially all of the accident because of moisture intrusion into the
detector as early as 7:00 a.m. on the day of the accident.

10
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Figure 1. HP-R-214 Corrected Stripchart. The original HP-R-214
stripchart recording has been plotted on the proper log paper an
corrected for recorder scaling errors.

If we adjust the peak radiation level based on our confidence in

our radiation total dose measurements, the peak level associated
with HBypothesis 2 is some 25 times higher than that actually
recorded. Hypothesis 1 is supported in part by the fact that the

radiation dose received by the detector electronics corresponds
closely to the integrated area under the corrected stripchart

recording.

The major difficulty with Hypothesis 1 is that the indicated
radiation levels in the 60 to 800 hour time frame are much higher
than predicted based on the release of noble gas. No plausible
radiation source has been found which would produce such high
levels so late in the accident, including the shine from the
steam generator candy canes.

11



Hypothesis 2 is plausible since the detector has such an unusual
response in the presence of even small amounts of moisture. Our
laboratory tests show tb~ detector in the presence of moisture to
read too low for high radiation input levels and too high for low
radiation input levels. While we have found the detector to be
substantially in error in the presence of moisture, the magnitude
ct the errors are not large enough to fully explain both the peak

rate associated with Hypothesis 2 or the rate in the 60 tc 800
hour time frame. Another problem with Bypothesis 2 is that of

~explaining how moisture entered the detector so quickly.

We favor the second hypothesis primarily because of our inability

“to explain the Dome Monitor stripchart recording in the 60 to 800
~hour time frame. Something appears to be wrong. We minimize the

difficulties associated with Hypothesis 2 since moisture intru-
.. sion and moisture effects are so varisble.

Gamma radiation rates as a function of time both inside the
yessel shield and in the outside containment atmocsphere are
estimated in Figure 2. Here, we assume that Hypothesis 2 is

lcf 2 Lt b 1111l Lottt}

«— Rate Outside 5SS Vessel
Integrated Dose = 6 x 10° rads

10
1¢*

T T rrmr T 1T,

RADIATION RATE (R/HR)

<— Rate Inside SS Vessel -
10’ Integrated Dose = 1.5 x 10" rads E_
10'; Mode! : ?
Noble Gas-Like Spectrum -
and Decay Characteristics |-
10 E

ld 1 I | ] LELBLERRLL! 1 ] I 1T 11711 1 LIl LB BB
10 | 1¢ 10" 10°
HOURS SINCE MARCH 28

. Figure 2. TMI-2 Gamma Radiation Time History. This is our best
estimate of radiation history both inside and outside the
stainless steel vessel (Hypothesis 2). We have assumed a noble
gas spectrum and decay characteristics in order to calculate the
level outside the vessel.




II. INTRODUCTION

A Site Emergency at TMI-2 was declared at 6:55 a.m. on March 28,
1979 and was based on high radiation readings from several
process and area radiation monitors located inside the TMI-2
Containment Building (Reference 3). Radiation levels had

actually begun to rise inside containment at approximately 6:27
a.m. as recorded by a low range area radiation monitor, HP-R-213.

This monitor is located at the 347 foot level of containment.

At 6:32 a.m. the high range Dome Radiation Monitor, HP-R-214,
also began to show increased levels of radioactivity. At 7:10
a.m. reactor operators made offsite exposure calculations should
a containment breach occur. These calculations were made in ac-
cordance with regulations to estimate the offsite exposure rate

downwind in Goldsboro, Pennsylvania. Goldsboro is situated 1.2
miles west of the plant. Using a 300 R/hr radiation reading from

the Dome Monitor, engineers estimated that the whole body expo-
sure rate could be as high as 40 R/hr in Goldsboro. Investigators
were later to discover the 300 R/hr reading was incorrect because
operators had misread the level off the Dome Monitor readout
meter. This error was of no great consequence, however.

At 7:27 a.m. a General Emergency was declared in accordance with
licensing provisions, based on a Dome Monitor reading of greater
than 8 R/hr. The shift supervisor contacted the Pennsylvania
Bureau of Radiological Health and the Civil Defense to inform
them of the direction of the wind and suggested they be prepared
to evacuate the area west of the plant. However, because of a
low Containment Building pressure of only 1 psig and his feeling
that the 40 R/hr calculation was unreliable, the supervisor
ordered radiation surveys to be made around the plant boundary
prior to recommending an evacuation.

By 8:00 a.m. radiation surveys had been made and no significant
levels of radioactivity had been detected. The Civil Defense was
advised of this and was asked to standby. More radiation surveys
were then conducted, and the results of these z2nd the fact that
Dome Monitor readings had stabilized and a containment breach was
unlikely convinced officials that a large scale evacuation was
unnecessary. Eventually, the initial 40 R/hr calculations were
shown to be in error. The sequence of events just described
demonstrates the way in which Dome Monitor readings can be and
were used during an accident.

The Dome Monitor stripchart recording represents the only record
available of the radiation levels inside the TMI-2 Containment
Building as a function of time. If this record could be inter-
preted properly, containment release models used in reactor
safety studies could be at least partially validated. These
models are used to predict LOCA radiation levels likely to be
present inside containment, and can thus establish eguipment

15



quéiification standards and design guidelines. The stripchart
record in the Control Room, however, was in error. :

Unfortunately, the Dome Monitor radiation detector appears to
have failed over the course of the accident in at least three
ways. This report discusses the results of our examinations of
the radiation detector (Figure 3) and its stainless-steel, lead-
lined container (see the ss vessel in Figure 4), the ratemeter
readout module, and the detector signal and power cable. The
various failure modes of the detector are described, and these
are used to better interpret the stripchart record. Correction
factors are applied to the record to account for hoth failures
and recording errors. The result is a "corrected stripchart"
recording of the radiation levels inside the shielded ss vessel.
Estimates of radiation levels outside the container are then

made. :

vFighre 3; bome Monitor Detector, Victoreen

Model 847-1.

This report will focus on:

. Failure modes of the detector;

. Radiation dose absorbed by the detector and cable;

. PRadiation levels as function of time, inside the vessel; and

. Radiation levels as function of time, outside the vessel.
The radiation detector was removed and examined as a part of the
DOE TMI-2 Instrumentation and Electrical Equipment Examination

"~ Program which is administered by the DOE/EG&G Technical Integra-
“tion Office (TIO) at Three Mile Island.

16



correct, and we calculate the time history based on total gamma

dose measurements only. To do this, we have assumed the radio-
nuclide energy spectrum and decay characteristics to be that of

noble gases. Under these conditions the peak gamma rate in the
upper part of containment was on the order of 200,000 R/hr. If
we assume a 60% noble gas release, other radionuclides must
account for about 85% of the level of activity. This seems high;
therefore, it is our guess that 200,000 R/hr is an upper bound of
the actual rate. We place no error bars on these estimates

because of the numerous potential sources of error.

Notice that as time passes and the energy spectrum becomes

softer, the rate inside the lead-shielded vessel drops dramati~-

cally with respect to that outside the vessel. This shows the
importance of having a detector which does not require extensive

shielding to survive. This detector is essentially useless after

ﬁq gours, even though external radiation levels are still quite
igh.

13-14




Figure 4. Dome Monitor, Stainless

Steel Container. Notice the electrical
cable and the hole positions.
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IIl. DOME MONITOR DESCRIPTION

A. PHYSICAL LOCATION AND CONTAINER

: The Containment Building Dome Radiation Monitor at TMI-2 is
located on top of the elevator shaft enclosure roof at an
elevation of 372 feet. Figure 5 shows a plan view of the 345

foot operating level with the Dome Monitor located near the

Containment Building wall. Figure 6 shows the placement of the
Dome Monitor in containment. This location, although a good

distance from the top of the 473 foot dome, provides a good view
of the entire upper level. Figure 7 is a photograph of the Dome
Monitor before removal; as can be seen, it is in a relatively

uncluttered area.

The actual radiation detector is packed in fiberglass insulation
and is housed inside the stainless-steel vessel. The vessel
(sectional view, Figure 8) has lead between its double walls.

Both the inner and outer walls are ss and each is 3.175 mm thick.
Molten lead has been poured into two openings at the top upper
rim and completely fills the 3.962 cm gap. The inner and outer
steel walls have been welded in such a way as to form an airtight
container. The entire container weighs approximately 250 Kg.

The lid-to-container seal is a circular, flat, silicone, rub-
ber gasket 63 mm wide and 3.8 mm thick. When the 1id is bolted
down in place, the container is meant to be sealed against
intrusion by radioactive gas and water. The external connector,

through which power and signals are supplied to the detector
inside the container, is hermetically sealed and welded to a

steel pipe exiting the vessel. The purpose of the lead shield is
to attenuate the extremely high gamma levels associated with a
LOCA so that the instrument inside can be kept in range. Of
course, the attenuation factor is highly energy dependent. For
0.8 MeV gamma energies the shield will reduce the levels (as seen
by the detector inside) by a factor of 74.7, whereas for 1.3 MeV
gamma enerdgies the attenuation factor is only 17.8.

During a LOCA the first radiation to be released is the radio-

active gas which fills the gap between the fuel rod cladding and
the fuel pellets. This gas has a major element of the noble gas,
XE 133, which emits gamma rays with energies of only 81 KeV. 1In
order to detect XE 133 as early as possible, two holes were
drilled through the outer ss wall and through the lead up to (but
not through) the inner wall. These holes are on the side of the
vessel directly opposite the connector (Figure 9) and are 1.27 cm
and 3.175 mm in diameter. The larger hole is situated approxima-
tely 12.7 cm up from the baseplate. The vessel is oriented so
that the holes point toward the center of the Containment

Building. ) :

19
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B. CHANNEIL DESCRIPTION -

The Domz Monitor Radiation Measurement Channel consists of the
Victoreen Model 847-1 detector which is inside the ss vessel and
the Victoreen Model 846-2 readout module which is located in the
TMI-2 Control Room. A multichannel stripchart recorder, HP-UR-
1901 is connected to the readout module; this recorder is also in

a rack in the Control Room. Figure 10 shows the cabling and in-
terconnection diagram of the system. Approximately 130.5 meters

of cable separate the two instruments. Victoreen designed the
channel and also supplied the ss vessel. :

CONTAINMENT - “ CONTROL ROOM

1730021 1T18721
158* E 270"
CHASSIS GNCR A I o TSR | : -k - ; —_— T82-6 GND
1
cK.>.0¢20v [F 3 3,
TH2-5 +20
S16. GND. 3 E L nz-: GNDV
+1av fc c - TBI-11 +14V
s b5 2 : 782-11 FAIL
p » m—— J-Qt__ | === et TB2-7 SIGNAL
H>-R-214 — :
DETECTOR INN-R | OUTER
847~ : PENELRAT 10N
-1 307
' LI
78112 e
CONTROL LiNg |3% [iB1-9
: PA':f;— neut 135 JTB1-8
PRESSURE HOUSING gND |36 TB1-10
T8 501 SSSBEET
846-]

Figure 10. Cabling and Interconnect Diagram.

The approximate length in feet of each cable
is shown.

C. SPECIFICATIONS AND OPERATION

The detector and readout form a standard Victoreen 845 Area
Monitoring System. The specifications for the System (excluding
the ss vessel) are given in Table 2. This system is intended to
satisfy NRC regulations which require a high range radiation mon-
itor capable of measuring radiation levels as high as 10E7 R/hr
(Reference 2). The radiation monitor is reqguired to withstand
the temperatures, pressures, and steam environment associated

- -



Table 2. Specifications for the 845 Area Monitoring System.,i:

Range: ,
~ Full-Scale....cccoennrcinsivcsansinressenens - 8 decades from 0.1 to 10 mR/h ’
- Three-Decade.......... sasuesasssennsnsassassssnsassnsns ..0.1 to 102, 1 to 103, 15 to 104
| 777102 19 105, 103 to 106 and 104
v o to 107 mR/h
Precision.. rrsenne 10% in any decade
Circuitry. S cesasasonsares ..All Solid State
Type o RAdiation Detected...omrrmmmmsrsssssommsrsosmmesmmressssons «uoGamma or X-Ray
Energy rcndence........ veraerssrsmstnsssasasansasnenersaneans 80 keV to 3 MeV + 10%
Directional Dependence .Less than 10% in any direction with 60Co
Type of Detector........... Dual coaxial ionization chamber of atmospheric pressure
Pressure Limits....oveesssernsesssasnensenens15 psig for both detector and readout module
Temperature . lelts
Detector.......coonsseeans tetsuseassesrosensrassonsanass -4OF to + 140°F (-20°C to + 60°C)
Readout Module.. «++.32°F to + 140°F (0°C to + 60°C)
Humidity...ccosnieeissnnnsnensesasnians 0 to 95% for both detector and readout module
Alarms.....conieesiinraranes -ALERT and HIGH, adjustable, set point of either
shows on meter when pushbutton is depressed
,Extema] Alarm (00,1 1.1 SR One set of Form C (SPDT) contacts
rated at 115V, 5A dc
Alarm Reset... sessassesssssanasenssnnssnes sesseesOptional-manual or automatic
. Fail Indicator......ccece.. Green light, normally on, goes off
to indicate failure oiy
Recorder OQutput.....eiserenres0 to 10 mV + 0.14 mV (always indicates 8 ecades)
Computer Output ............. ..0 to 50 mV + .68 mV (always indicates 8 decades)
Internal Power Supply 4.0 V 4+ 10 mV

with a full-scale LOCA. Detailed descriptions of how the

detector and recadout operate 1s given in Appendix A of this
report and in Reference 4.

Briefly, the detector is capable of measuring gamma or x-ray
radiation levels ranging from 0.1 mR/hr to 10E4 R/hr (8 decades).
The detector uses dual coaxial ion chambers with high and low
range ion current outputs. The larger volume, outer chamber
measures the lower four decades; the smaller volume, inner
chamber measures the upper four decades.

The electrical circuitry associated with the ion chambers-is
contained on three printed wiring boards which are mounted on a
bracket affixed to the ion chamber assembly. Figure 11 shows an
exploded view of the detector assembly. A housing cover is
placed over the electronics and seals the electronics enclosure
to the ion chamber assembly via a rubber O-ring. Power and
signal lines exit the entire assembly through a hermetically
sealed connector mounted in the housing. Presumably, the as-
sembly is then hermetically sealed. (We will see later in this
report that the seal was violated.)
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CHAMBER COLLECTING PLATE

847-1-30 POWER SUPPLY CIRCUIT BOARD ASSEMBLY
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647-1-15 AMPLIFIER CIRCUIT BOARD (HIGH) ASSEMBLY
842-1-14 RIGHT PRINTED CIRCUIT BOARD BRACKET
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847-1-17 COVER ASSEMBLY.

32-20 BOX RECEPTACLE

Figure 11. Exploded View of Dome Monitor Detector.

The top two circuit boards are the amplifiers for the two ion
chamber outputs, and the third board consists of a power supply,
a summing amplifier, a timing signal generator, and miscellaneous
circuitry. The two ion current amplifiers are almost identical.
The ion current from the chambers is sampled every 333 msec by a
reed switch closure. This current sample is converted to a vol-
tage by charging a capacitor in the high impedance input circuit.
An MOS transistor forms a source follower in the input circuit to
achieve the high impedance required.

The output signal from this circuit is later sampled again and
amplified in stages of x1, x9, x 10, and x10. The outputs from
each of these amplifier stages are clipped at 9.5 volts and
summed in an amplifier, along with similar outputs from the other
ion chamber amplifier string. Thus, an ion current derived
signal voltage is multiplied by 900 by the time it reaches the
last stage of each amplifier string.

When all eight amplifier outputs are summed, 8 decades of level
can be displayed on the meter and the scale is linear between
decades. The readout is shown in Figure 12. Both the ion
current buffer/preamplifier circuit and the method of summing
amplifier ontputs play important roles with respect to detector
failure modes. These subjects are discussed in detail later in

this report.



Figure 12. HP-R-214 Ratemeter, Victoreen
° _ Model 846-1.
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IV. EXAMINATION FINDINGS*
A. HANDLING AND DECONTAMINATION

The Dome Monitor, HP-R-214, was removed from containment in May,
1982 and was shipped to Sandia National Laboratories; it arrived
in Albuquerque, New Mexico on June 24, 1982. At TMI-2 (under the
direction of Bechtel, Inc.) the unit was unbolted from the eleva-
tor shaft roof and hoisted via a steel-cable belt arrangement
(attached to the polar crane rails) to the 347 foot Containment
Building level. Subseguently, the unit was moved to the 305 foot
level where it was placed into a specially designed, steel box
for protection. Unfortunately, while placing the unit into the
box it was inadvertently turned 90 degrees from its proper
orientation and forcefully jammed into the box. This shattered
the hermetically sealed connector and thus violated the container
seal. The unfortunate accident is the only damage the unit
sustained from its removal to its unpacking. Shock monitors
which had been mounted on the unit before its shipment from TMI-2
confirmed that it had received gentle kandling in transit.

Figure 13 shows the vessel inside the bux. Handling the unit at
TMI-2 and SNL has been difficult because of its weight.

The damaged connector was removed, and the open pipe was sealed
before decontamination could begin. WNumerous swipe samples and
metal filing samples were taken before decontamination. On June
29, 1982 the unit was decontaminated by repeated washings and
scrubbing with Brillo pads. Trifluorethylene, Radiac foam, Turco

4324 and Tide were all used in the process. Average beta/gamma
radiation levels measured at a distance of 2.5 cm from the ss

vessel surfaces before Jdecontamination using a geiger counter
were:

8y 4
Top 35 mR/hr 10 mR/hr
Sides 14 mR/hr 6 mR/hr
Baseplate 170 mR/hr\ 50 mR/hf

Decontamination reduced these levels by a factor of about two.

After decontamination, the stainless steel was bright and shiny
and the entire unit was sprayed with Krylon to trap any contam-

inant particles. Figure 14 shows the unit after decontamination.

*Much of the datz presented in this chapter is contained in
laboratory notebooks kept during our examination to accurately
document our findings. See Teferences 5, 6, and 7.
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Figure 13. HP-R-214 and Shipping Container.
The crushed connector is shown on the left.

Figure 14. HP-R-214 After Decontamination and Sealing.
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'n., PRESSURE VESSEL SEALS

1, Leak Rate. e .\ major concern regarding the accuracy of the
Dome Monitor readings during the accident was whether or not the
lead shield had somehow been circumvented by radiocactive gas and
suspended or dissolved radioactive particles. The damage to the
connector incurred during removal from containment breached the
seal and undoubtedly allowed some cesium contamination to pene-
trate to the inside of the container, making it difficult to
determine when contamination occurred.. Nevertheless, our exam-
ination revealed that probably only a smsll quantity of contami-
nants would have been able to enter the container in this
way,since the connector still partially covered the 2 5 cm
.diameter tube end.

We mounted a specially designed fitting to the undamaged tube end
which allowed us to leak-test the ss vessel. We then pressurized
the container to 10 psig and observed the pressure as a- function
of time. Later in our examination, we injected air into the
detector itself through the hermetic connector and measured the
leak rate of the detector. We did this by inserting a hypodermic
syringe needle through the rubber center portion of the connector
and pumping air into it. The results of both these tests are
shown in Figure 15,

. SS VESSEL

DETECTOR CASE

PRESSURE (PSIG)

00 200 400 €00 800 1000 1200 1400 1600 1800
TIME (MINUTES)

Figure 15. ILeak Rates. The stainless steel vessel
and detector container leak rates.
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The ss vessel is seen to have an approximate exponential leak
rate with a time constant of approximately 3.0 hours. The leak
-rate of the detector case is also approximately exponential with
“a-time constant of 12.5 minutes. We were not able to find pre-
cisely where the ss vessel was leaking; however, we feel that the

leak was probably under the large, flat gasket which seals the
vessel to the 1lid. The leak in the detector electronics portion
was through two unsealed screwholes used to mount the wall-
mounting bracket to the detector case. The O-ring seal appeared

to be intact. This breach of seal is a serious oversight in the
detector mechanical design as will be shown later in this report

with reference to a path for humidity to enter the detector
electronics package.

2, Stainless Steel Vessel Internal Contaminaticn. As stated
earlier, it was very important to determine whether significant
radioactive contaminants were able to get inside the ss vessel.
Because of this concern, we removed the vessel 1id carefully to
reduce the possibility that containment "dust" would fall into
the vessel. All twelve top retaining bolts were tight, having a
minimum of 60 inch-pounds breakaway torque. After the 1id was

removed, it was apparent from the spreading of the gasket that
the top was indeed securely fastened. Figures 16 through 17 show

the vessel and detector in various stages of disassembly.

Figure 16. Stainless Steel Container Rim. The
1id has just been removed. Notice how "dirty"
the rim area which was under the gasket is. The:
radiation level measured 3 mR/hr in approximately
the probe location shown in the photograph.
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Figure 17. Stainless Steel Container Opened.
The top layer of insulation has been removed
exposing the detector.

With the 1id off, geiger counter readings showed gamma levels to
be 1.3 mR/hr approximately in the center of the inside of the
vessel near the top and around 3 mR/hr around the rim under the

gasket; this indicates that contaminants were present inside the
vessel, The inside surface was somewhat dirty and appeared to be

slightly oily. Its appearance suggests that after fabrication,
it had not been thoroughly cleaned. Numerous discolorations and
precipitant collection points were found on the underside of the

1id and underneath the gasket.

A series of radiation and chemical tests were conducted at this
point to determine whether contaminants had actually leaked into

the vessel during the accident or whether the radiation measured
was a result of its entry through the broken connector. These

tests are summarized below; detailed data is given in Appendix B.

a. Swipe samples taken from the various vessel and
detector surfaces were counted.

b. Fiberglass samples taken from various locations
inside the vessel were counted.

c. Chemical analysis of materials on the vessel 1id
underside were made.

d. Chemical tests looking for boron on the swipe
and cotton swab samples were conducted.



The swipes indicated that Cs 137 was distributed throughout the
vessel, but that the distribution was not uniform. The averaged

data below indicates that the bottom had substantially higher
concentrations of Cs 137 than other parts of the vessel. (Cs 137

was by far the most prevalent radioisotope and was used as an
indicator of radiation activity.) '

Bottom .14 uCi/swipe

Lid _ .019 uCi/swipe
Sides .0031 uCi/swipe

Had contaminants diffused through the connector tube after the
connector was damaged or had the contaminants simply fallen off
the 1id during removal, the contaminant levels of the sides would
have been larger than those on the vessel bottom, It thus ap-
pears as though a ligquid was condensed on the inside surfaces and

flowed to the bottom. Fiberglass activity measurements
summarized below further supports this conclusion.

Middle Bottom 340016 counts/600 sec
Geometric Center 246 counts/600 sec
Outer Top ; 5133 counts/600 sec

The fiberglass was taped around the detector and came out of the
- vessel as a single unit. The "middle bottom" sample was in
direct contact with the vessel bottom; the "outer top" was in

" contact with the vessel 1id; the "geometric center" was closest
to the detector and completely surrounded by other fiberglass.

If we postulate that radioactive gas and aerosal with suspended
particles in it had freely entered the vessel, we would suspect
that plateout and attachment would be somewhat uniform throughout
the fiberglass. This was definitely not the case. The portion

of the fiberglass which was in direct contact with vessel
surfaces (top or bottom) had substantially higher concentrations

of contaminants than those portions toward the center of the
bundle. .

Four samples of particulates on the underside of the 1id were
examined using a scanning electron microscope and x-ray energy
dispersive spectroscopy. This analysis showed major elements to
be Si, Ca, and Ti; the minor elements were Bl, Pb, and Fe, We

would expect these elements on the vessel because of manufac-
turing; we would also expect these elements if tap water had

evaporated and left precipitates.

Boron is an element used in containment sprays and unlike sodium
hydroxide is not commonly found in tap water, neither is it a
result of the manufacturing process. Emission spectroscopy tests
were made on swipe samples and moist cotton swab samples were

taken from inside the vesssel. These tests showed small but
significant amounts of boron (200 ug/sample) in the vessel.



These radiation and chemical tests strongly indicate that con-
tainment spray and radioactive liguid entered the ss vessel
during the accident. The most probable entry was beneath the
flat gasket under the vessel 1id. It does not appear as though
significant amounts of radioactive gas entered; instead, our
guess is that liquid which had accumulated in the lip area gap
(between the 1id and the vessel) entered the vessel by capillary
action and that the liquid ran down both the inner sides of the
vessel and on the underside of the 1id. The pressure differ-
ential (approximately 3 psig at various times) between the con-
tainment atmosphere and that inside the vessel helped to force
the liquid inside. Radiation levels indicate that only small
amounts of liquid (even in the manner just described) actually
entered the vessel. ‘ : ~ T

C. DETECTOR EVALUATION AND FAILURE MODES

1. Methods. After the ss vessel was decontaminated, a lengthy
series of gamma facility tests were conducted in an effort to
characterize the TMI-2 detector's response to a radiation
stimulus. These tests were performed at the SNL Vertical Range
(VR), Gamma Irradiation Facility (GIF), and the High Intensity
Adjustable Cobalt Array (HIACA) facilities.

The VR is calibrated to National Bureau of Standards (NBS)
specifications and is capable of producing maximum gamma levels
of approximately 600 R/hr. The GIF and HIACA facilities both
require that radiation detector probes be used to measure levels.
The probes can detect levels as high as 150,000 R/hr. All sources
are Co 60 except that GIF can be converted for use with a Cs 137
source. Both the GIF and HIACA sources are immersed in water and
are mechanically raised up and out of the water for exposure.
Many of our tests used these sources both under and out of the
water, using the water as a shield to adjust radiation levels.
This method undoubtedly softened and broadened the source
spectra; however, we were not able to distinguish a significant
difference in detector response between the Co 60 and Cs 137
sources. We conclude that the spectrum softening does not
appreciably affect our results.

2., SS Vessel Attenuation. After the TMI-2 detector was removed
from the ss vessel, a new Victoreen 847-1 detector was placed

inside and exposed at GIF. This was done to get a crude estimate
of gamma attenuation by the SS vessel. With the source totally

above water and the radiation level at approximately 144,000 R/hr
on the outside of the vessel, the detector inside measured 4000
R/hr. The stainless steel and lead vessel thus attenuated the
level by a factor of 36. Co 60 source emits 1.17 MeV and 1. 33
MeV gammas and the attenuation should be somewhere between 22 and
35. The slightly higher attenuation of the ss vessel measured
value is probably a result 0of the spacial falloff as one moves
away from the source.




No appreciable difference in attenuation was found by rotating

the vessel by 90 degrees. As long as the source was not shining
directly into the 1.27 cm ss vessel hole, essentially no effect

of the hole was seen. However, with the source directly opposite

the hole (and thereby providing a direct path entry), levels
inside were a factor of two higher. No effort was made in these

more qualitative measurements to determine precisely the effects
of the hole or the vessel attenuation factor, because the be-

havior in the radioactive gas inside containment would be quite
different since the gas unlike the Co 60 source completely
surrounds the vessel.

3. 1Initial Detector Checkout and Examination. The connector
that attaches to the detector inside the ss vessel was broken and
thus was replaced. A set of electrical measurements were made
and compared to those measurements similarly taken using the
"new" Victoreen detector and ratemeter. The TMI-2 ratemeter was
used with the TMI-2 detector. Table 3 lists those measurements.

Voltage levels for HP-R-214 are fairly close to those of the new
detector; however, the meter reading was sometimes constant at 20

mR/hr and sometimes varied from 0.8 PR/hr to 500 mR/hr. Resis-
tance measurements between all pins were approximately equal tc
those measured on the new ratemeter. These levels and the
erratic behavior are consistent with those measured by Technology
for Energy Inc. (TEC) during in-situ testing at Three Mile
Island. (See Reference 8.)

Table 3. Quiescent DC Measurements. The test detector voltage

and current characteristics are compared with those of the HP-R-
214 detector. : :

Measurement

Measured Parameter Test Detector HP-R-214 Detector
(C.S) +20vV (V) , 20.58 21.88

+24V (V) 13.99 13.35

FAIL IN (V) 2.92 2.67

SIGNAL (V) , 0.15 0.87

MTR (mR/hr) 0.20 0.8-500.0

+24V I (ma) 75.00 74.90
(C.S) +20Vv I (ma) 20.50 18.50

The unopened ss vessel was exposed in the GIF facility; the
results are given in Figure 1B8. The radiation levels measured
inside the ss vessel by HP-R-214 are considerably below those of
the new detector when it was later placed inside the vessel and

similar data taken.
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Figure 18. HP-R-214 Detector Readout Vs. Co 60 Source Strength.
The curves show the response of the detector in the various
stages of disassembly and repair when exposed to a Co 60 source,
The curve in the lower right-hand corner is that measured upon
receipt at Sandia National Laboratories after decontamination of
the outside of the vessel. The curve directly above is the
detector response outside the ss vessel but with no repair work
done. The somewhat linear curves on the left are those of a
partially and a fully repaired unit with low humidity.

The HP-R-214 detector was found to be only slightly contaminated
on the outside and virtually uncontaminated inside after it.was
opened. Rust was evident all around the rubbeg gasket seating
groove. Immediately upon opening, beads o§ mo;sture were evident
on many of the components on the printed circuit bo§rds. Even_
the boards were shiny, indicating a thin film of moisture. This
water rapidly evaporated.

4. Capacitor C17 Failure. Troubleshooting of the detector at
the Vertical Range and 1in the laboratory revealed an intermit-
tent, low-range amplifier board. The problgm was traced to a
faulty electrolytic capacitor C17 which is in the reed switch
driver circuit. The capacitor is a wet electroiytic 275 uf, 25-




voit capacitor used to provide the energy storage necessary to
transfer the reed switch. A portion of the capacitor elec-
trolyte had leaked onto the printed wiring board and was quite

evident. The electrolyte had partlally corroded away the base
lead of transistor Q14. This failure is almost certainly the
cause of the erratic behavior noticed during the in-situ tests
before the unit was removed from the Containment Building. The
failure must have occurred sometime after the unit was taken out
of service at TMI-2 on April 16, 1980; this was 384 days after

the accident began.

We can only speculate about the cause of the electrolyte leakage
since this is a common failure mode for this class of capacitor.
However, it is possible that radiation degraded the rubber seal

on the capac1tor can.

5. MOS Transistor Degradation. Even after Cl7 and Q14 were

replaced, the unit behaved somewhat erratically. We traced the
problem to a 3N163 MOS transistor (Q15) in the input circuit of

the low-range amplifier board. The transistor nominally should

have a gate to source threshhold voltage (VGSth) of approximately
-4.0 volts. This transistor had a VGSth of -9.0 volts. Since

the supply voltage for this portion of the circuit is only 11.8
volts and since the voltage supplied to the source of Q15 is even
less, it is probable that Ql5 was on occasion operating outside

its normal, active region. Q15 was most certainly degraded by
radiation dose accumulation. '

6. Humidity Effects. Since water droplets were found on the
circuit boards inside the detector when it was first opened, we
conducted tests to determine what, if any, effect high humidity
and/or liquid water might have on detector operation. Ve found
that humidity by itself has a dramatic <ffect on the detector
readout, even in the absence of radiation; moisture condensation
is not necessary to cause these effects. Figure 19 shows the
results of one of many experiments involving humidity.

For the particular test shown in Figure 19, a wet sponge was
placed inside the detector electronics cavity and the unit was
clamped shut. The mounting bracket holes had been sealed with
RTV adhesive; this ensured a good seal. To simulate temperature
conditions inside the TMI-2 reactor at the time of the accident,
the unit was placed inside a temperature chamber which maintains
a temperature of 130° F. ©No radiation source was present. After
the sponge was placed into the detector, the detector was imme-
diately placed inside the chamber and the chamber was turned on.*

*The purpose of the wet sponge was to establish a known relative
humidity (RH) of 100% inside the detector. Earlier, we had

conducted tests in a standard humidity chamber but at humidities
greater than 90% RH found that accurate control of the level

could not be maintained.
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Figure 19. Humidity Effects. The detector was put

in a 100% RH environment; it was heated up, allowed
to cool, then opened up to room atmosphere. The unit
was not exposed to any radiation source.

The readout immediately rose to 3 x 10E4 mR/hr as is character-

istic of the start-up kick. As time passed, the readout level
fell at first and then began to rise as the humidity inside the

chamber increased, instead of falling to some low background
radiation reading. The cdetector output leveled off at approxi-
mately 1000 mR/hr. The detector was removed from the chamber
approximately 70 minutes after the test began and was allowed to
stabilize at room temperature. The level indication first dipped
and then at this temperature rose eventually to 300 mR/hr. At

225 minutes after the test began, the detector was opened. The
readout level abruptly fell to 10 mR/hr and remained there.
The test results were repeated in numerous similar tests. 1In

these tests the quiescent readout reading was generally between
300 mR/hr and 5 R/hr at room temperature. 1In the tests we were

never able to determine why HP-R-214 would register anywhere from

5 to 30 mR/hr
humidity. We
exists in the

in the absence of radiation or high levels of
can only speculate that some current leakage path
pre-amp circuit.
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The results of other tests performed to investigate the effects
of humidity are given in References 5 and 6. In summary, we
found that high humidity affected the high amplifier output more
than the low amplifier output. However,; the low amplifier was
affected also. Humidity affected the new detector in much the
same way, but not to the same extent. Humidity causes the
readout to rise even if the high voltage to the ion chambers is
disconnected.

Each of the Victoreen 847-1 detector ion chambers has a grounded
guard ring around the chamber electrode to separate it from the
-150 volt plate potential. This is typically done on extremely
high impedance circuits to minimize any leakage from the high
voltage plate to the output electrode. Surface conduction is a
major problem, and it is enhanced by contaminants {notably so--
dium) and moisture. Resistance from the electrode to a voltage
source as high as 10E10 to 10E12 ohms is still small enough to
typically cause inaccurate readings., With reference to the guard
ring, the design of HP-R-214 appears to be proper. We were not
able to determine precisely which leakage paths were causing
improper readouts from HP-R-214. However, we can state that they
were either 1) inside the shielded preamplifier boxes in both the
low and high preamplifiers, 2) on the ion chambers where the
electrode exits, or 3) in both places. (See Figures 20 and 21.)

Figure 20. HP-R-214 Detector Lo Amp Board.

The cover has been removed from the preamplifier
shield box. The ion chamber electrode enters

the box on the down side of the photograph. The
application of high humidity in this box or around

the electrode plug caused the detector to read high
with no radiation present.



Figure 21. End View of Detector Electrode Pin.
The pin exits the chamber assembly and plugs into
a receptor jack in the end of the preamplifier
shield box. The box is shown as it is mounted

on the printed wiring assembly just prior to
insertion into the chamber assembly connectors.

In any event, our tests showed that no other circuitry (either on
the amplifier boards or the auxillary board) was inordinately
sensitive to humidity. The effect of such a leakage path in the

high range preamplifier circuit will now be discussed.

Leakage Paths--The circuit diagram shown in Figure 22 is a
simplified schematic of the high range preamplifier. Let us
assume that a resistive path exists on the electrode side of the
reed switch. The DC voltage on the emitter of Q19 is 0.7 volts.
A part of this voltage is fed back to the gate of Q15. With the
reed switch closed, the gate voltage would have a value set by
the resistive divider action of the 10E9 ohm resistor and the
moisture-induced resistance. When the reed switch is open, the

potential would abruptly change since the moisture resistive path
would no longer be there. This change, even though it is small,
would appear as an AC signal out of the preamplifier and would be
amplified by 900 by the time it reached the output of the last
amplifier in the amplifier chain following the preamplifier. The
signal could thus cause a significant deflection of the readout
meter even in the absence of a radiation field.
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Figure 22. HP-R-214 Detector Pre-Amp Equivalent Circuit.
Feedback from R41 coupled with a humidity-induced resistive
path on the ion chamber electrode and reed switch action

can produce an AC signal out of the greamplifiet. This
signal is then amplified by 900. This erroneous signal

causes the detector to indicate radiation where there is none.

7. Radiation Measurement Characterization

Figure 18 shows the detector readout as a function of Co 60
radiation level incident on the outside of the ss vessel with the
detector still inside. Figure 18 also shows several other plots
of detector readout as a function of radiation after the detector
had been removed from the ss vessel. Note that the detector as
received is in error by more than one order of magnitude. After
Cl7 was replaced, but with the degraded Q15 MOS transistor still
in the circuit, the accuracy was greatly improved. The effect of
the degraded transistor caused the detector to generally read
high in addition to being erratic. Once the unit was fully re-
paired, the detector (except at very low radiation levels) was
quite accurate. As explained earlier, we have been unable to
explain fully the quiescent 20 mR reading with no radiation

present.

The data using the fully repaired unit was taken at the Vertical
Range where 600 R/hr is the maximum achievable level. Figure 23
shows the data under different temperature and humidity condi-
tions. Again, the room temperature, low humidity case is quite
linear and accurate. The effect of 100% relative humidity is
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1002 RH, 140°

50% RH, 72°
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Figure 23. HP-R-214 Detector Readout on the Sandia Vertical
Range. The effects of moisture and temperature on the detector
accuracy are eviuent,.

pronounced. The background level appears as approximately 1.0 R/
hr and the slope of the curve is much lower. 1In fact, it is

somewhat flat over the range of 5 R/hr to 600 R/hr of input radi-

ation level where it ranges from only 50 to 200 R/hr. Raising
the temperature from 72° F to 140° F results in an approximate

doubling of readout level., A temperature of 140° F was selected

for testing because temperatures inside containment fluctuated
between 140° F and 120° F for an extended period of time during

the accident (Reference 9).

Figure 24 combines the relatively low level radiation data from
the Vertical Range with the much higher levels attainable at

HIACA. At low radiation levels the "dry" detector is signifi-
cantly more accurate than when moisture is introduced. At

radiation input levels above 100 R/hr, the readout response is
substantially below what it should be for both dry and 100% RH
cases.
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Figure 24. HP-R-214 Readout Vs. Source Level. Vertical
range and HIACA data are shown for both dry and high
humidity cases.

The reasons for the higher readings at low radiation levels, as
discussed earlier, is due in part to the erroneous high amplifier
contribution to the output signal because of the particular DC
feedback signal which results when humidity introduces a
resistive path to ground. At very high radiation levels this
effect is overshadowed by the radiation signal itself. The
reason for the abnormally low readings at very high input levels
appears to be the result of a reduction in low amplifier output.
The photographs shown in Figure 25 of the high and low range
preamplifier outputs demonstrate both the erroneous high range
amplifier signal at low radiation levels (Figure 25 D, E, F and
G) and the reduced low range amplifier signal (Figure 25 B) at
high radiation levels. (The oscillation present on the high
range preamplififier output was caused by the test setup.)
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A. Dry, Source 1R/hr. D. Wet, Source Background
" Meter .05R/hr. . , Meter 2.5 R/hr.

B. ‘'Dry, Source 10R/hr. E. Wet, Source 1R/hr.
Meter 9R/hr. Meter 5.5R/hr.

lo

c. Dry Source 500R/hr.

Meter S500R/hr. F. Wet, Source 10R/hr.

Meter 40R/hr.

Figure 25. HP-R-214 Lo Amp and Hi Amp Outputs. The detector was

exposed to radiation levels varying from background to 500 R/hr
under both dry (low humidity) and wet (100% RH) conditions.
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I. Wet, Source Background #2

G. Wet, Source 50R/hr.
Meter 8R/hr.

Meter 50R/hr.

Wet, Source Background
#2 4+ 1 hr.
Meter 8mR/hr.

H. Wet, Source 500R/hr. J.
' Meter 55R/hr.

Figure 25 (Continued).

We héVe shown the inaccuracies observed when moisture is
introduced into the detector. 1In addition to this, however,
these inaccuracies are variable with time after exposure to
radiation. This can be demonstrated by comparing Figure 25,
Photographs D, I, and J. Photograph D is background before the
unit was exposed to the source and it reads 2.5 R/hr. Photograph
I is after going from 1 R/hr to 500 R/hr and then back to back-
ground, and it now reads 8 R/hr. After letting it stabilize at
background for one hour, the reading has gone to 8 mR/hr as shown
in Photograph J. These variations vs. time and humidity make it
very difficult to make repeatable measurements. It is no wonder
that the stripchart recording of the Dome Monitor during the

accident is confusing.

AA



V. RADIATION TOTAL DOSE

The total gamma radiation doses received by the detector
electronics and the HP-R-214 power and signal cable, which is
outside the ss vessel, are estimated in this section. Transistor
gain degradation was used as the dose indicator for the detector,
and elastomeric degradation properties were used for the cable.
In addition, we have compiled doses estimated for other instru-
ments inside containment which were similarly estimated. (See
References 10, 11, 12). Table 1 summarizes these doses.

= 1. Detector Gamma Dose--It is possible to estimate the
gamma dose received by the detector by comparing the gain

degradation of similar transistors which have been exposed to

known levels of radiation (Reference 10). In order to generate

this calibration data, a number of transistors of each type was
exposed in a Co 60 facility. Exposures were made in increments

in order to characterize the transistors as dose was accumulated.
These transistors had collector currents of 100 uA and were thus
active during exposure. ' : :

Figure 26 shows an example of the data generated for ten 2N3565
Fairchild transistors. The upper curve is that measured on the
particular transistor having the highest gain of the ten. The
middle curve is the average of the ten, and the lower curve shows
the minimum gain device. The transistor gain (HFE) for this
particular set of data was measured at 100 uBd of collector
current. The average HFE of the HP-R-214 transistors was 115.
From the curves this corresponds to a total dose of between 2.5
and 3,6 x 10E5 rads. Appendix G contains calibration data of
this type on other transistor types. Table 4 summarizes our dose
estimate findings for each of 4 transistor types. The average
HFE of each type of transistor removed from HP-R-214 is given.

Below each of these averages are the estimates we made using the
procedure described above. To obtain the overall average dose

estimates, we simply uniformly weighted each set of measurements.
The average of this data shows that the detector received a dose
of approximately 2.2 x 10E5 rads.

The accuracy of this method of arriving at dose estimates is

uncertain for a Yariety of reasons. Manufacturer-to-manufacturer
and lot-to-lot differences in transistors as well as processing

differencgs all contribute to errors; however, we feel that by
characteg1zing a number of devices we can obtain a reasonable
dose estimate. Another modifier in this process is that of
transistor gain annealing. Undoubtedly, annealing took place

inside containment between the time of exposur i
: po e and
were able to measure the gains of the device. the time we
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f&ble;A, Tfansistor Total Dosé Estimates. FSC, GE, MOT refer to
the manufacturers of the transistors which we characterized. The

numbers immediately adjacent to the manufacturer are the numbers
of transistors characterized. The numbers in the columns are the

minimum, maximuﬁ;'and average gamma dose estimates.

o L ‘ ' Estimated Dose (Rads)
“Pransistor Type Minimum Average -~ Maximum

2N3904 (HFE = 38)

FSC (3) 1.9ES 2.1E5 2. 2E5
MOT (4) : 0.8ES5 3.3E5 10.0E5

2N3643 (HFE = 18) ' o '
FSC (10) » ' 1.7ES 2.1E5 2.7ES

2N3565 (HFE = 115) = '
. . FSC (10) 2.5ES 3.0ES 3.6E5

2N4249 (HFE = 163) : '
FSC (10) - 0.3E5 0.5E5

Overall Average
Total Dose : 2.1ES5 2.2E5 3.3E5

10' 110 aaesl 0 el y st paasl 11 ¢t a8l
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Figure 26. 2N3565 Fairchild NPN Transistor Gain Degradation



Figure 27 shows data that we took to determine the effects of
annealing. In these tests, transistors were biased at collector

currents of 100 uA and were exposed to 5 x 10E5 rads. The gains

were measured for three devices of each type as time passed after
the exposure. We see from these curves that annealing did occur,

but not to any great degree. Since the total dose estimates have
fairly wide error bars associated with them, we have elected to
ignore the effects of annealing. By doing this, our total dose
estimates will be slightly lower than the doses the devices
actually received. - ‘

2. Cable Gamma'Dose-—The HP-R-214 cable has 20-conductors

of No. 16 wire; each conductor has a silicone insulation which is
covered with glass braid. The bundle of 20 conductors are
wrapped with 2 mil aluminum and mylar foil. The outer jacket is
asbestos braid. A picture of the cable is shown in Figure 28.

In order to estimate the radiation dose received by the cable,
radiatiorn degradation characteristics of the silicone insulation
and mylar foil were measured.

The glass braid from the wires was removed and the wire was
pulled out of the silicone covering. The covering was then
tested on an Instron machine to determine percent elongation at
break and its tensile break strength. BAs with the transistors,
new cable samples were exposed to increasing levels of Co 60
radiation and calibration curves were plotted. These samples
were from the same spool of cable at TMI-2 from which the BP-R-
214 cable had come. These degradation characteristic curves as
well as the HP-R-214 measured date are shown in Figure 29. Table
5 shows the percent elongations and break strengths measured for
the HP-R-214 cable sample. The estimates of radiation dose are
also shown. These data indicate that the cable was exposed to
approximately 7.9 x 10E6 rads. Similar tests using light trans-
mittance changes as the dose indicator of mylar wrap indicated
dose levels of 2.0 X 10E6 rads (Appendix G). We have more con-
fidence in the silicone measurement; therefore, we present our
best estimate as 7.9 x 10E6 rads.

Since the cable, unlike the detector transistors, was exposed to
both beta and gamma radiation, we were concerned that the doses
measured might contain beta damage as well, Beta damage should
be low in the silicone because the range of betas is quite
limited and the asbestos and aluminum/mylar layers should shield

the siliccne insulation.
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Figure 27. Transistor Annealing Characteristics. The top
plot shows HFE annealing of three 2N3565 transistors which

were exposed to an abrupt 5 x 10E5 rads. The lower plot
shows a similar exposure of three 2N3904 transistors.
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Table 5.

Figure 28.

HP-R-214 Cable Total Dose Estimates.

HP-R-214 cable.
shows the cable end that mated to

This photograph
HP-R-214.

The numbers in

parenthesis are our dose estimates for that particular set of

wires.

Wire
Number

SN U W N

10
11
12
13

15
16
17
18
19
20

1-20

Tensile Break

Elongation
Percent Average Strength (Lbs)
223 8.58
250 10.36
198 7.56
215 211.4 8.96
201 (5.0x10E6 rads) 8.02
192 7.78
201 7.72
176 7.12
186 8.18
200 8.18
210 8.60
218 206.8 9.18
218 (6.2x10E6 rads) 8.60
236 9.42
221 8.78
193 7.76
213 8.68
233 10.00
186 7.56
198 8.36
Average of Samples
208.4 (5.8xX10E6 rads) 8.47

A0

Average

8.4 :
(1.0x10E7 rads)

8.5
(1.0x10E7 rads)

(1.0x10E7
rads)

Average of Elongation and Tensile Break = 7.9 x 10B6 rzuds,
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VI. TMI-2 RADIATION TIME HISTORY

By far, the most difficult task of this analysis has been that of
estimating the true radiation levels inside containment over the
the course of the accident. To do this, presumably, we can use
the HP-R-214 failure modes, the radiation total dose information,
.. the ss vessel attenuation characteristics, the radionucl ide con-

“tent estimates, and the events of the TMI-2 accident. This task
is important because the information gained from such an analysis
could be gquite useful in validatina LOCA release models and pro-
viding the industry with a true, small-scale, LNCA radiation pro-
file. We cannot overemphasize the fact that the HP-R-214 was the
only instrument inside containment that could be used for this
purpose. What follows is a discussion about the salient features
of the stripchart recording and radiation levels inside the ss
vessel. From this, we present two hypotheses about the true ra-
diation levels both inside and outside the vessel. '
Unfortunately, there is conflicting data associated with each
hypothesis making it difficult to determine which is actually
more likely to be true.

A. DOME MONITOR STRIPCHART CORRECTION

The Victoreen 846-1 Readout Module (SN1030) was delivered to

Sandia in February 1982 after being removed from the cabinet in
the TMI-2 Control Room. 1In the process of checking the
calibration of the readout, we found that the stripchart recorder
output circuit had been changed from that shown in the drawing
schematic. Resistors R1 and R2 had been changed from 80.6 K{)
and 402Q to 62 K and 20 K respectively. This was presumably
done to increase the readout output from 50 mV full scale to 0.8

V full scale. This change would seem to be appropriate except
that the full scale reading with an input voltage of 8.0 V was

only 0.75 V. Another problem with the change is that the output
impedance to the stripchart recorder instead of being
approximately 300§} is now about 10 KQ . This could cause
scaling errors if the stripchart recorder input impedance was not
fairly high. Appendix C shows our measured calibration curves
for the recorder output and the readout meter. We found the
meter output to be accurate within specifications. The
calibration error, taken by itself, would cause the recorder to
indicate levels lower than proper by a factor of exactly 2.

The HP-UR-1901 multichannel stripchart recorder was also found by
Donald Nitti of Babcock and Wilcox to be improperly calibrated
during the accident. Appendix D contains a letter written by
Donald Nitti on June 27, 1979 on the subject "Containment Dome
Radiation Monitor." In this letter, Nitti discusses the fol-
lowing two problems in interpreting the Dome Monitor readings:
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1. "The recorder is a 5 decede log recorder, whereas the dome
monitor is an 8 decade instrument which is linear within each
decade. - (Thus, the recorder was printing an 8 decade 31gna1 on 5

decade log paper).

Z. "There was a calibration error between the dome monitor
indicator and the recorder such that the 8 decade signal was
pr1nted only over the first 3.78 decades of the § decade chart
paper."

Nitti used this information to correct the strlpchart. He thenr
~verified the accuracy of his work by comparing perlodlc meter

readings recorded by Control Room operators.

We did not examine the HP-UR-1901 stripchart recorder, because
following the accident it was used for various other recording
functions and was most likely readjusted to record other signals.
With this loss in calibration data, we must rely on Nitti's work.
Therefore, even though the ratemeter recorder output was found to
be uncalibrated, we must assume that the combination of ratemeter
and recorder were set as outlined by Nitti. We believe that this
is acceptable because of Nitti's comparisons of meter readings
with his stripchart corrections. We have used Nitti's correction
factors and have reread the stripchart and corrected the readings
per the following equation:

Corrected level =( 5 8 log (stripchart value x 10) -1
) |

The result is the corrected stripchart shown in Figure 30. This
agrees closely with Nitti's results. The actual data points are
given in Appendix D. The detector quiescent readings both at
TMI-2 (in situ) and at SNL are shown. The detector was behaving
erratically during both of these readings.

B. TWO HYPOTHESES REGARDING RADIATION LEVELS

If we accept Figure 30 as an accurate representation of the Dome
Monitor output, what can we say about the accuracy of the radia-
tion measurements themselves? In this and the next section, we
attempt to tie together the information we have on the Dome
Monitor and the events taking place inside containment during the
accident. We arrive at two estimates of what the true radiation
levels were inside the ss vessel. From the inside estimates, we
can also estimate levels outside the vessel using a fission
release model. However, there is conflicting data. The data
suggest two dramatically different radiation level hypotheses:
Hypothesis 1 says that radiation levels as measured by HP-R-214
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Figure 30. HP-R-214 Stripchart. The original stripchart
has been corrected in this plot to account for the incorrect
log paper and scaling. The "in situ"™ and "Sandia" notations

refer to measurements made in Ylace bg TEC at TMI-2 and those
made at Sandia. The vertical lines show the variability of

level indications. This chart also shows the gamma integrated
dose at three points in time. These doses were calculated by
integrating the area under the stripchart curve.

were essentially correct during the first 800 hours of the
accident; Hypothesis 2 surmises that the detector was never
correct and that true levels were considerably higher than %hose
measured. It might appear that one could reasonably postulate a
number of other hypotheses because of the striking differences in
these two; however, there is quite a lot of information which
supports each hypothesis. No other reasonable theories were
discovered.

Hypothesis 1. Detector measurements during the first 800

hours of the accident were essentially correct, even though
moisture had at some time circumvented the ss vessel seal. After



800 hours, the meashtements“WEre incorrect because of this mois-
ture. . This hypothesis is supported by convincing indications that
the early part of the stripchart is correct. Noble gas concen-
trations thought to be inside containment at the time could have
produced the approximate levels indicated. The weakness of this
hypothesis is the dramatic rise to very high levels of radiation
between 60 and 800 hours. The total radiation dose received by

the detector electronics was measured to be 2.2 x 10E5 and that
in the detector cable outside the ss vessel was 7.9 x 10E6 rads.

Most of the 2.2 x 10E5 rads would have been deposited in the

detector electronics during the 60 to 800 hour time period. Only
1 x 10E4 rads would have been accumulated in the first 20 hours

using this model. What we have been unable to clearly determine

is a radiation source capable of producing such high levels
inside the vessel so late in the accident. To further expand:

1. As we shall see, there is good evidence that the Dome Monitor
was reasonably accurate for the first 30 hours after the

beginning of March 28, 1979.

2. There is cood evidence that from 30 to 60 hours radiation

levels were below 100 R/hr. We cannot say with much certainty
how low they were. The Dome Monitor may or may not have been
accurate during this period. , '

3. There is conflicting evidence on the accuracy from 60 to
~approximately 800 hours. Nevertheless, a weak case can be made

that the readings were reasonably accurate over this period also.

4. There is overwhelming evidence that from approximately 800
hours and later the Dome Monitor was totally inaccurate.

These conclusions are based in part on the following points.

1. Moisture may have entered the vessel and detector during the
first 800 hours, but the effect was negligible except for the
brief period from 30 to 60 hours. The effects of moisture are
evident after 800 hours.

2. Radioactive gas in small quantities probably did enter the

vessel. However, the effect on radiation readings was small when
compared to radiation intensity from sources outside the vessel.

3. The 1.27 cm hole and breach of the outer ss vessel jacket had
little effect on radiation readings.

4. The degraded MOS transistors, although bad from a design
po@nt of view, had 1littl= effect on accuracy.

‘5. Capacitor C17 failed sometime after 10,000 hours.
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6. Throughout the accident, the Dome Monitor was measuring
radiation from one or more of the following at any given time:
radioactive gas, particles suspended or dissolved in the aerosol,
plateout on surfaces, and direct shine from the steam generator
"B" candy cane. As the discussion later will show, there is

conflicting evidence regarding events happening inside_
containment and the actual scurce or sources of radiation.

7. The rise in radiation levels at 60 hours and the high levels
until approximately 800 hours could be real as evidenced by,

among other things, the radiation dose received by the detector
electronics.

Hypothesis 2. The detector was never correct and radiation
levels (particularly during the first 20 hours) were possibly 25
times higher than the detector registered. If we assume a fis-
sion product release spectrum which is similar to that of noble
gas, the correct dose of 7.9 x 10E6 rads outside and 2.2 x 10E5
rads inside the ss vessel could have accumulated in this way.
This hypothesis is further supported by the unusual manner in
which the detector responds in the presence of moisture. Alco,
these high levels are supported in part by measurements by HP-R-
213. What is difficult to explain is how a sufficient guantity
of moisture could have violated the seal so early in the
accident. Moisture would have had to enter the detector scmetime
after 7:00 am. Since Containment Building pressure averaged only
2 psig during the first 14 hours, the forcing function was low.
Using the ideal gas law PV = NkT we see that the number of gas
molecules inside can increase by only 20% for a change in
pressure of 3 psig. If, however, liquid water was forced inside,
the humidity inside the vessel could have risen considerably. As
is the case with BHypothesis 1, the effects of radiocactive gas in
the vessel and of shine through the 1.27 cm hole were small. The
degraded MOS transistor and capacitor failure were not
significant early in the accident. The following discussion
about stripchart features gives more detail regarding Hypothesis
1 and Hypothesis 2.

C. DISCUSSION OF STRIPCHART FEATURES

Let us now examine the stripchart in detail and discuss its
salient features. The stripchart has been broken into four
sections (Figures 31 and 32). Each section uses linear time
scales in order to show finer detail. Circled letters indicate
the various points to be covered in the discussion which follows.
Please refer to Reference 15 for relevant containment events
during the accident. Tt should be noted that the stripchart
times may be in error by as much as 2 to 3 minutes.
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The 5 mR/hr reading prior to reactor trip 4:00 a.m. on
March 28 (four hours since the beginning) is consistent with the
100 mR/hr Hp-R-213 readings (Reference 12). HP-R-213 is located
near the incore tubes on the 347-foot containment level. Both
detectors were probably reading:N 16 gamma emissions from the

primary loop reactor coolant water flowing through the steam gen-

erator, "candy cane" input-port piping. These candy canes are
above the 347 foot operating floor and are separated from HP-R-

213 by four feet of concrete. A direct line-of-sight is
available for HP-R-214 particularly from Steam Generator B (see
Appendix E) .

N 16 has 6.129 and 7.115 MeV gamma emissions which would be only
slightly attenuated by the ss vessel. The abrupt drop in detec-
tor outputs at reactor trip is indicative of the decay of N 16
whose half life is only 7.1 seconds.

(® At reactor trip both detector outputs decreased to

minimum scale and stayed there until both rose at around 6:30
a.m. This is clear evidence that a significant amount of
moisture had not entered the ss vessel by this time. Up to this

time, Reactor Building pressures were fluctuating around 2 psig.
Since the pressure inside the ss vessel began at -1 psig, there
was a function to force saturated atmosphere into the vessel.
Humidity tests on the detector clearly show that had any signi-
ficant amount of moisture entered the vessel, the detector read-
ing would have been at least 100 mR/hr.

The abrupt rise in radiation recorded at 6:27 a.m. by
HP -R-213 and at 6:32 a.m. by the Dome Monitor is the first indi-
cation of failed fuel rods. The pressurizer block valve was
closed at 6:22 a.m. The radiation as seen by HP-R-213 and HP-R-
214 could have come from radioactive gas released through the
block valve just prior to its closure, from shine from the un-
covered core, or from shine from gas trapped in the steam gener-
tor candy canes. At least a small amount of radioactive gas was
inside containment at that time since the Reactor Building air

particulate sample monitor also reached its alarm setpoint.
Probably, only slight cladding damage had occurred at this point

and only a small amount of gas was released. It then took
several minutes for the gas to be seen at the 347 foot level.

At this time, HP-R-213 reached its upper limit of 10
R/hr. HP-R-214 was reading approximately 0.185 R/hr inside the
vessel at a higher elevation. These two numbers are consistent

indicating that HP-R-214 was probably correct to this point.

& At approximately 7:11 a.m. the Dome Monitor shows a
marked increase in level. Two events happened near this time:

Reactor Coolant Pump 2B was started at 6:45 a.m. and the block
valve was opened at 7:13 a.m. Approximately 800 hours later,
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the operation of coolantfpumps seems to be tied to radiation
level changes. ' However, in this case, the detectors are probably
seeing gas released through the block valve. The time difference
is probably a result of timing errors.

Radiation levels appeared to be relatively constant at
around 830 R/hr, for about seven hours. The block valve was
repeatedly cycled from 7:40 a.m. until 5:08 p.m. when it was
finally closed. ' The source range neutron detectors indicate that
the core finally was covered at around 7:30 a.m. There was still
no loop flow even when Reactor Coolant Pump 2B was running.

If we assume an exponential release of noble gas from the core
into containment via the block valve using a time constant of two
hours, and account for decay of noble gas radioisotopes, the
radiation levels measured by the Dome Monitor would be relatively
flat over this period. This is shown in the next section of this
report which discusses fission product release and levels. These
calculations suggest that from 20 to 40% of the core's noble gas
inventory would have had to be released during this period in
order to match the Dome Monitor stripchart (Hypothesis 1). This
seems fairly reasonable since this amount of inventory could
conceivably be in the zircalloy to fuel pellet gap and would thus
be easily released. Of course, other volatile fission products

would have been released also.

Radiation levels during this time could also have been much
higher (Hypothesis 2). If we assume that moisture entered the
detector in the 7:00 a.m. to 11:00 a.m. time frame, peak levels
would have had to have been on the order of 20,000 R/hr inside
the vessel to account for the radiation dose. Figure 24, which
plots readout vs. Co 60 source strength, shows that a detector
reading of 830 R/hr could either be a 900 R/hr source strength
for a dry detector or a 5000 R/hr source strength for a 100% RH

atmosphere. Unfortunately because of the variability of labora-
tory measurements of detector response to radiation in a mois-

ture atmosphere and spatial calibration of our instruments, we
believe that our measurements could easily be in error by a fac-
tor of 2. This applies to total dose estimates as well as Co 60
characterizations. These potential errors and others might make
up the difference between 5000 and 20,000 R/hr.

©) HP-R-214 measures approximately 837 R/hr at this point
in time. Fortunately, we have another indicator of radiation le-
vel. We can use the multivalued behavior of HP-R-213. HP-R-213
was pegged at its upper limit of 10 R/hr (Appendix F) until at
11.75 hours its output began to decrease. At 14 hours, it read 1
R/hr. Our examination of HP-R-213, HP-R-211, and HP-R-212 showed
that when transistors in these detectors are degraded by
radiation, they can indicate low radiation levels when in fact
they are quite high (References 10, 11, 12). This behavior is
shown in Figure 33. The discussion which follows indicates that
radiation levels at 14 hours were considerably higher than HP-R-
214 would indicate. '
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Figure 33. Multivalued Response. These curves demonstrate
the multivalued response of HP-R-211, HP-R-212, and HP-R-213
when exposed to radiation lcvels far above 10R/hr which is
the upper limit of these detectors.

If we first assume that Hypothesis 1 is the case, the total dose
received by HP-R-213 at 14 hours would have been at most 4 x 10E4
rads. (See next section for a 20% release of noble gas.) A dose
of only 4 x 10E4 rads is probably too low for the detector to
exhibit a multivalued behavior. (For example, HP-R-211 received
a dose of 2.5 x 10ES rads.)

If on the other hand, we assume that levels were 25 times higher
as posed in Hypothesis 2, the dose received by HP-R-213 at 14
hours is at most 1 x 10E6 rads. The difference in elevation and
shielding, however, probably account for the factor of 7.9 dif-
ference betweeen doses measured for HP-R-213 and the HP-R-214
cable. Thus, if we reduce the 1 x 10E6 rads by this factor, the
dose for HP-R-213 at 14 hours could have possibly been 1.4 x 10ES
rads. If we extrapolate the multivalued behavior curves for this
dose, we see that the gamma rate could have been as high as
200,000 R/hr. This is strong evidence that levels were very high
at this point in time.
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the hydrogen burn which occurred at 9:50 a.m. At that time, the
stripchart recorder output, shown in Figure 34, clearly indicates
that HP-R-213 was lost. We attribute the failure of HP-R-213 to
the pressure-induced shock. At this time, the stripchart ’
indicates an abrupt drop from 590 to 517 R/hr in the Dome Monitor
level. This was probably caused by the shock since we found the
detector to be guite shock sensitive. What is left of the
stripchart before it printed in place is significant. After the
abrupt drop, the Dome Monitor stripchart level continues to
decrease at the same slow rate as before the shock, even though
the building sprays are running. The sprays stay on for a total
of 6 minutes, and approximately 5 minutes of stripchart are
available before the stripchart stopped advancing and began
printing over itself,. .

] T '\'\ -ﬁ-_'— o “...h ) —T_- ) --* N :‘Z:d
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Figure 34. Actual HP-R-214 Stripchart Recording. The time axis

is reversed and time increased toward the left. HP-R- i
Channel 12 and HP-R-213 is Channel 11. The chart ghgwglghgg

HP-R-214 was functional after the hydrogen burn shock.
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There is no marked decrease in radiation level during this time.
This seems to indicate that the sprays were not removing
significant aerosol radiation. This is reasonable only if noble
gas was the prime radiation source., It does seem as though
levels would decrease more than they did, however, since there
certainly were some amounts of volatiles and it is possible that
the sprays did not come on until after the record was lost. Even
though the recorder printed over itself, the record of over-

printing is more or less uniform in darkness, possibly indicating

that levels decreased somewhat uniformly. Again, this is
indicative of the decay of noble gas. Unfortunately, the record

was lost for the next 10 hours. The evidence from this
discussion is that the prime radiation source was noble gas and/
or shine from the B loop candy cane.

This rise is difficult to explain. The block valve
was not opened again after 17 hours, and a review of the
operator's log shows that no venting to containment occurred

during this time. Unless some venting occurred, we conclude that
finally the effects of moisture in the vessel and detector are

being seen. 1If we look at the stripchart after 1000 hours, we
see that the level there is between 50 and 70 R/hr just as it is
during this period of between 30 and 60 hours. Our humidity
tests on the detector as shown in Figure 24 show that for low
radiation level inputs, the detector could register in the 50
R/hr range; this is particularly true if the unit were operating
at an elevated temperature.

The effects of humidity will be discussed in more detail later in
this report. It is important, however, to note that in all of
our detector tests (even with moisture present) high radiation
levels can be measured if they are high enough to swamp out the
effects of moisture. This is true, simply because of the way the
detector circuit operates. During this time period, we can say
with confidence that radiation levels were either high enough to
produce the levels shown on the stripchart, or else they were
lower than indicated, i.e., radiation levels were not higher than
this.

C) This rapid rise and the subsequent high level readings
up to approximately 800 hours will now be discussed. This por-
tion of the stripchart has been the most difficult to explain be-

cause it does not seem reasonable that levels, days or even weeks
after the accident began, could be almost as high as those at the

beginning simply because of the radioactive decay process. To
understand this portion of the stripchart, we must look at
radiation release into containment via waste gas or primary

venting, HP-R-214 circuit operation, reactor coolant flow and

ggisible shine from it, and the radiation dose received by HP-R-
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1. Venting--The rise in radiation levels at 64 hours
is practically coincident with venting of waste gas from the
waste gas decay tanks into containment at 62.5 hours. At this
time and subsequently for hundreds of hours, operators either
vented gas from the decay tanks via Valve WDG-V-30B or directly
from the primary via RC-V-137. Venting of waste gas was
necessary because the two tanks were being filled with gas from
the letdown and purification system and were in danger of being
overpressurized. The letdown system produced large quantities of
gas because of the large reduction in pressure. This gas was

. also quite "dirty" since the purification filters rapidly became
7 ineffectual as they were clogged with fuel debris. Venting from
the primary was done to attempt to rld the primary of its :
hydrogen "bubble" :

This venting probably released both aerosol-suspended particles
as well as the rest of the core's remaining inventory of noble
gas. The ventings are shown on the expanded scale figure. It is
important to note that the venting which occurs at 62.5 hours is
the only venting which occurred since the block valve was closed
at 17 hours. The rises in stripchart radiation level generally
coincide rather closely with the vents. The last venting we were
able to find occurred at 726 hours. :

The problem with the supposition that venting caused such high
radiation levels during this time priod is that, in addition to
radioactive decay reduction by this point in time, just not that
much gas was actually vented into containment. The containment

volume is quite large and the waste gas decay tanks are tiny by
comparison. One would expect only a minor rise in levels.

2. HP-R-214--Our analysis of the circuit operation
shows that, even in the presence of moisture, radiation can be
detected if the radiation generated signal is large enough to
overshadow the moisture generated signal. The detector un-
doubtedly saw the waste gas tank release at 64 hours, meaning
that it could detect radiation at that point in time. Another
point is that we were unable to find a reasonable failure mech-
anism which would cause the detector output to peg at a certain
level and stay there if the radiation were removed; the waste gas
release would not have caused the detector to go h1gh and stay
there even after the gas had decayed. The question is why did
the indicated level rise to over 500 R/hr and stay there?

Before proceeding, we will review the operation of the detector.
Figure 35 shows a block diagram of the detector amplifier cir-
cuits. Signals originating in either the low or high range
chambers are treated in the same way. The ion chamber signal is
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Figure 35. HP-R-214 Detector Block Diagram.

multiplied by 1, 9, 10, and finally 10, and the output of each
amplifier is summed and contributes to the total. However, each
section can contribute only up to 3.5 volts (which is later
scaled to one volt for each). For example, if the low range
chamber output signal were 20 mV, 9 volts rather than 18 volts
would be contributed by the last times 10 amplifier, 1.8 volts
would be contributed by the next-to-last amplifier in the chain,
0.18 volts from the X9 amplifer, and finally 0.02 volts from the
X1 amplifier. The last times 10 amplifier, after scaling and
summing could itself produce a 0.9-volt signal to go to the
detector readout meter and could cause the needle to indicate
nearly a one-decade radiation change.

Two distinct possibilities exist to explain the increase at 64
hours and the high levels until 800 hours. 1) One is that the
detector low range circuit was responding properly by putting out
4 volts and that the radiation levels were high enough to
overshadow the moisture-induced signal in the high range circuit.
If this were the case, the measured levels are correct. 2) 1If,
on the other hand, the true radiation levels in the vessel were
below 1 R/hr the low range circuit would be able to respond to
slight radiation increases and the rise at 64 hours would have to
be produced by the low range amplifier signal. 1In this case, the
high range would have to prcduce 3 decades (3 volts) of moisture-
induced signal. Although we did not see this magnitude of offset
caused by moisture in any of our tests, there is good evidence
that this did happen. First, in our tests, we found moisture to
cause highly variable levels, i.e. moisture interaction with the
circuit is variable. Secondly, we are reasonably certain that
the 60 R/hr Dome Monitor indication after 1000 hours is moisture



induced. If this is the case, with moisture in the detector and
no radiation, the detector output would be 5.6 volts. It is
quite likely that the high range circuit could produce a 3-volt

contribution.

Based on a 1 R/hr reading ftom HP-R-212 at 2300 hours, it seems

reasonable that in the 60 to 100 hour time frame the levels

inside containment could have been as high as 100 R/hr, If we
assume a vessel attenuation factor of 50 for radiation levels
inside the vessel, the inside level would have been 2 R/hr or

large enough to peg the low range circuit. Conversely, if the
attenuvation factor were 300 because of a softened spectrum (sure

to be true for noble gasses), the level inside would be 300 mR/hr
and the low range circuit could respond as described. One must
find a radiation source other than noble gas to explain the rise.
We conclude that the circuit operational aspects could support
either hypothesis, depending on what the radiation source was.

3. Shine From Candy Canes--As shown in Appendix E, a
direct line of sight path seems to exist between Steam Generator
B candy cane and the HP-R-214. We can postulate that radiation
of highly contaminated liquid (which could be inside the primary
piping where it enters the top of the steam generators) could be
detected by the Dome Monitor and that a good part of the radia-
tion level seen during the 60 to 800-hour time frame is from this
shine, '

This radiation source is posed as a possibility because the decay
and spectrum softening of noble gas constituents simply eliminate
the constituents as significant radiation contributors in the
time frame of several hundreds of hours. We must, thus, assume a
different radiation source. Two bits of information support the
postulate of shine from the candy canes.

At 2:08 p.m. on April 27, the reactor coolant pump, 23, was
powered down and the system went on natural circulation cooling.
Curiously, this coincides approximately with the slow tailing off
of radiation levels as measured by HP-R-214 beginning at about
700 hours. Also, early in the accident, the reactor coolant pump

2B, was started at 6:54 a.m. on March 28 and ran for approxi-

mately 20 minutes in an effort at that time to establish coolant
flow; however, good flow was never achieved. No other pumps were

run for any appreciable time until pump 1A was successfully

started at approximately 20 hours. The slow rise in radiation
level beginning at 30 hours could be the result of reverse flow

of contaminated coolant in the nearer (to HP-R-214) steam
generator B leg.

The ventings of the primary system described earlier were done to
flush out the hydrogen gas which was present in the upper part of
the reactor vessel and candy canes. This was done to allow
coolant flow through the vessel and candy canes. Over the period
of ventings, it is not clear how much coolant flow through the
~andy canes was actually taking place. Later, after the



ventihgé, we assume that a reasonable flow had been established,
thus presumably accounting for the more or' less constant detector
reading in the 60 to 800 hour time period.

The forcing of water through the core debris undoubtedly
distributed particulates throughout the system in a rather
uniform fashion. When natural circulation was accomplished,
these particulates would tend to settle out. This explanation
sounds reasonable; however, we have calculated that if the
activity in the upper part of the candy cane were 1 Ci/1 and had

a 1.2 MeV emission spectrum, the radiation level on the outside
of the ss vessel would be only 675 R/hr. Therefore, it does not

look as though the 600 R/hr readings inside the vessel were due

to shine from tiie candy canes. Obviously, low levels of
radiation from shine could be present inside the vessel, and in

fact if the detector high range circuit had malfunctioned due to
moisture, the 600 R/hr reading could be the result of shine.

4. PRadiation Dose--We could present fairly convincing
evidence that, because of the circuit operation of BP-R-214 in a
humid environment, the high level rise at 60 hours is essentially
not real. Two very hard pieces of data prevent us from doing

this: the radiation doses received by the detector transistors
and the cable sample. If we calculate the dose inside the vessel

assuming that only the first 20 hours of the stripchart are
correct, the dose received by the transistors would only be 1 x
10E4 rads. Also, assuming a 20% exponential release of noble
gas, the dose to the cable after 300 hours is only 2.5 x 10E5

rads as shown in the next section. Both these numbers are low by
a factor of about 30 from the 2.2 x 10E5 rads and 7.9 x 10E6 rads

measured for the transistors and cable.

If we assume the stripchart is essentially correct up to 800

hours (Hypothesis 1), the dose received by the detector would
have been approximately 4 x 10E5 rads, or very near the 2,2 x
10E5 rads measured. Thus, from this standpoint, the stripchart

could be correct up to 800 hours.

C) Radiation indications here are undoubtedly incorrect
because at 2300 hours, HP-R-212 was activated at the 305-foot
elevation and measured 1 R/hr (Appendix F). Even if levels were
an order to magnitude or two higher at the 372-foot elevation,
the lead shielding would attenuate the source too much to produce
the 60 R/hr measured here. Our humidity tests are fairly
conclusive when they show that humidity, in the presence of low

radiation levels, caused the detector to read erroneously; the
detector continued to read erroneously until it was taken out of

service,

D. RADIATION LEVELS OUTSIDE THE VESSEL, HYPOTHESIS 1

The releases into containment probably were largely confined to

noble gasses and volatile elements. 1Initially in the accident,
these fission products would have come from the gap between the



zircalloy cladding and the fuel pellets. In this section, we
calculate radiation levels at the 372-foot elevation assuming
only noble gas as a radiation source. To do this, we assume a
volumetric spherical source containing various percentages of the
core's total inventory of noble gas and calculate the radiation
levels at one edge of the sphere. '

Gamma transport calculations using buildup factors were then made
to transport the photons through the ss and lead layers to the
detector inside. This process is an iterative one and is contin-

ued until the calculated levels inside match the early portion of
the Dome Monitor measurements. When this match is made, the

levels outside are known. Monte Carlo computer transport codes
were initially considered to make the transport calculations;
however, these were not used. 1In order to have used these codes,

we would have had to first develop a geometrical model of the
shield and then the detector. This would have been a complex
task for this geometry and the accuracy was not felt to be

significantly better than using buildup factors and exponential
attenuation. For our transport calculations, the following
methods and assumptions apply:

1. The noble gas released was uniformly mixed in the
upper part of the dome from the 347 foot elevation to
the 473 foot elevation. No volatiles were assumed.

2. Noble Qas concentrations as a function of time were
supplied by W. C. Hopkins of Bechtel (Reference 13).

This mixture of noble gasses accounts for the opera-
ting time of TMI-2 when the accident occurred.

3. The containment upper level volume was assumed to be
33189 m3. This was transformed into a sphere of radius
19.93 m.

4. We accounted for attenuation by air.

5. The following equation for radiation rate outside the
ss vessel was used for the calculations. This expres-

sion was derived by W. C. Hopkins and was verified by
Sandia. An explantion of terms is given in Appendix H.

= ~3MR
D, Dn,u,,,cmn.)%%![l-ijﬁ(l~e M )}

6. The following expression was used to calculate levels
inside the ss vessel:

D; = DoB[u(Pb),d (PbtFe), Ep] &M PRIPL) s (Fe)d (Fe)

7. The radiation was released exponentially as follows:

SyEp (£)= Sy E,(to)[n- e %]



'8;{ The effects of the hole in the vessel were not con-
) _sidered :

9. Any effects of rad1oact1ve gas inside the vessel were
"~ not considered.

Appendix H contains more information pertaining to these and
other transport calculations. The result of these calculations
is shown in Figure 36. The gamma rate outside the ss vessel
(labeled ss pig) peaks at about 8000 R/hr and decays by two
orders of magnitude by 500 hours. The calculated rate inside the
vessel is shown overlaid with the Dome Monitor corrected
strlpchart. Notice that the calculated level drops off quite

sharply in the 20 to 30-hour time frame. This is caused by the
softening of the noble gas spectrum as time progresses. We have

matched the early part of the stripchart recording very well.
However, this model does not predict or explain the rise in
measured levels at 60 hours and later. One can pose explanations
for the rise 60 hours and later. Some of these explanations are
addressed below.
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Figure 36. TMI-2 Gamma Rate History, Hypothesis 1. The
first 20 hours of the stripchart recording is matched by
assuming a 20% exponential noble gas release. This figure
also shows what the level outside the vessel needed to be to
produce the assumed level inside the vessel. If radioactive

gas were present inside the vessel, Rb 88 high energy betas
would have produced the response shown.
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1. Effect of Gas Inside the Vessel. It has been postulated that

the Dome Monitor readings were in error because radioactive gas
had leaked inside the ss vessel and thus circumvented the shield

causing the monitor to read exceptionally high. The effect of
gas inside the vessel is shown in Figure 37. Here, the vessel
was assumed to be completely full of radioactive gas of the same
concentrations and activity as that outside the vessel. A 60%
instantaneous release was assumed to occur at 6:30 a.m.

The contribution by gas inside the vessel is almost one order of
magnitude less than that due to gas outside the vessel early
after the release because the volume of gas inside is quite
small. Later, after 20 hours, the gas inside the vessel domin-
ates because the spectrum softening is not nearly so much a
factor. The effect of the 5.34 MeV beta emission of Rb 88 is
shown in Figure 36 for the case of a 20% instantaneous release
and immediate entry into the vessel. The effect, in this
unlikely event, is still below that calculated for gas ontside

the vessel.
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Figure 37. Effects of Radioactive Gas Inside the SS Vessel.
If we assume that a 60% release of the core's inventory of
noble gas occurred and that the containment atmosphere could
gomghow be present inside the ss vessel, radiation levels
inside the vessel would be the "composite" curve. This curve
and the contributions of gas inside the vessel and that due
to.the outer volume of containment atmosphere are shown in
this figure..



From these calculations, we find that, even if radioactive gas of
equal makeup and concentration as that outside the vessel were

present inside, the contribution to the overall response early in
the accident would have been small. We conclude, therefore, that

the effects of radioactive gas inside the vessel were negligible.

2. Effect of the 1.27 Cm Hole. We conclude that

radiation levels inside the ss vessel were increased by a negli-
gible amount because of the 1.2 cm diameter hole through the ss
vessel lead shield. This conclusion is based on the fact that
the hole subtends a small solid angle and, therefore, the volume
of gas actually "shining" through the hole is some 30 times
smaller than that incident on the total vessel surface. 1In
addition, only a small volume of the detector chambers are
illuminated. This conclusion is in part substantiated by the
fact that the radiation dose received by the detector electronics
could not have been delivered through the hole due to its
vertical placement.

3. Moisture Correction. Figure 38 shows the effect of moisture
inside the detector. For this case, the stripchart has been
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Figure 38. Moisture Correction. This set of curves shows

the calculated rates inside and outside the ss vessel assuming

a 60% noble gas release which is released exponentially with a
two hour time constant. The additional curve shows what the
detector would indicate if moisture were inside the vessel.

This curve was derived by using Figure 24. Notice that the
"Inside Pig" curves are both substantially higher than the actual
stripchart recording, indicating that a 60% release is too high.
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adjusted to indicate actual levels if moisture were present
inside the vessel at the time of radiation release. Calculated
levels assuming 2 60% exponential release of noble gas are shown.
The curve fit is not very good. o ‘ :

E. RADIATION LEVELS OUTSIDE THE VESSEL, HYPOTHESIS 2

If we assume that the fission product release into containment
had, in addition to noble gas, a considerable quantity of vola-
tile elements and that they are suspended in the aerosol, radi-
ation levels inside containment could have been considerably
higher than those found for a 20% release of noble gas. We now
use the information we have on the radiation total doses received
by the cable and detector to adjust radiation rates. To do this,
we calculate levels inside and outside the vessel just as we did
for Bypothesis 1, except that we just increase the level of re-
lease until the total integrated doses are approximately
correct.The error here, of course, is that we are using the noble
gas spectrum and decay characteristics to approximate that of
both noble gas and volatiles.

Reference 14 shows that the spectrum and decay characteristics
for a source term containing both noble gas and volatiles is
quite similar to that of noble gas alone. Also, if the volatiles
are indeed suspended in the aerosol, our volumetric gas model is
also reasonable. Even if considerable plateout has occurred, the
model is not unreasonable since we would now have a source
distributed on the inner suriace of a sphere. For the hotter
spectrum early on, the atiecnuation by air is a small factor, and
the difference between a volumetric and a surface source becomes
less significant.

The results of these calculations is shown iin Figure 2. Gamma
rates outside the ss vessel peak at 200,000 R/hr. Those inside

peak at 30,000 R/hr. Notice that both the inside and cutside
integrated doses are very close to those actually measured.

F. CONCLUSIONS REGARDING HYPOTHESES 1 AND 2

As stated in the Summary of this report, we believe Hypothesis 2
to be the more likely explanation. 1In this case, the ss vessel
seal would have had to be circumvented by moisture quite early in
the accident. 1If this did happen, both the low stripchart
reading in the 10 hour timeframe and the rise and plateau level
in the 60 to 800 hour timeframe are explainable at least
qualitativ;ly by the way in which the detector responds in the
presence of moisture. Unfortunatel i

say with absolute certainty what thg'rggigtiénnﬁgigsbseg?%g Sgre
This is disturbing since this instrument should have provided us.

with this information in such a way as to leave no doubt
regarding its accuracy.
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- _ABBREVIATIONS AND ACRONYMS

Ci - Curie (Unit of radiation source strength) _

CO 60 Sourco»-,Copalt 60 GammaISou:ce

~Contaminant Building - The large, steel reinforced concrete
building at TMI-2 which houses the reactor, steam generators, and
other primary coolant piping and equ1pment. ‘

CPM - Counts Per Minute

DECON - decontamination

DOE - Department of Energy

EDS - Energy Dispersive Spectroscopy

EG&G - EG&G, Inc. N

EMP - Electromagnetic Pulse

FSC - Fairchild, Inc.

GE - General Electric, Inc.

GIF - Gamma Irradiation Facility at SNL
GPU - General Public Utilities
HFE - Transistor current gain

HIACA - High Intensity Adjustable Cobalt Array at SNL

HP-R-214 - Equipment tag number at TMI-2 for the Dome Radiation
Monitor

ICBD, ICED, IEBO - Transistor Leakage Currents
KeV - Thousand Electron Volts | |

LOCA ; Loss-0f-Cooling Accident

MeV - Million Electron Volts

MOS Transistor - Metal Oxide Semiconductor Transistor
MOT - Motorola, Inc.
‘mR - milliroentgen (unit of radiation exposure)

mR/H - milliroentgen per hour

Mul tivalued Characteristic - Dual Valued Response to Radiation
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NAT - National, Inc. o

NBS - National Bureau of St;ndards

NRC - Nuclear Regulatory Commission

psig -~ PoundsVPer Square Inch Guage Pressure
R.;rndehtgen } | |

R/hr - Roentgén Per Hour

RAD_- Radiatidn absorbed dose, now rd.

Rd.f Unit of absorbed radiation. One Rd is equal to 100 ergs of
.. energy per gram of material; originally written as an acronym:
© RAD S ' : :

RH - Relative Humidity

SEM - Scanning Electronic Miscroscopy
Si02 - Silicon Dioxide

SNL - Sandia NationalkLaboratories

SS - Stainless Steel

TEC - Technology for Energy, Inc.

TI - Texas Instruments, Inc.

TIO - Technical Integratiorn *“fice at Three Mile Island

TLD Thermoluminescent Dosimeter

TMI Three Mile Island

TMI-2 - Three Mile Island, Unit 2
VBES - Transistor base to emitter saturation voltage
VCES ~ Transistor collector to emitter saturation voltage

VR - SNL Vertical Range Gamma Facility
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We found that silicone toward the center of the cable received
slightly less dose than those samples on the ocutside. This might
indicate some beta damage in the outer silicone. However, the
difference in doses is small. To try and determine whether beta
dose had accumulated, we acguired a cable sample from inside the

conduit going to the detector. This sample was probably 0.3 m
from the cable sample just described, but it was inside the

conduit. ' The conduit would be a very effective shield against
beta radiation from the containment volume of gas. Our test
resul ts were approximately the same as those with the cable
.outside the conduit. This indicates our measurements probably
‘are, in fact, revealing gamma and not beta damage. Note that it
is probable that radioactive gas did enter the conduit; however,
-~ presumably the volume would be low and thus severely limit any
beta contributions.
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FUNCTIONAL DESCRIPTION

Detector 847-1 comprlses the follow1ng sub-
~assemblies: - -

Ton Chamber Assembly 847-1-50

High Amplifier Circuit Board Assembly 847-1-15
Low Amplifier Circuit Board Assembly 847-1-20
Auxiliary Circuit Board Assembly 847-1-25
Power Supply Circuit Board Assembly 847-1-30

Ion Chamber Assembly - Detector 847-1 uses a dual
coaxial ion chamber with a high and a low-range ion current
output as shown in Figure Al. Each range covers four decades
of radiocactivity. The chambers operate synchronously with
each output measured the same way.

The collector for the high-range chamber is a con-
ventlonal ax1ally located electrode mounted in the usual way
with a ceramic insulator and a guard. The guard is connected
to the low-level or signal ground. The low-range collector is
a cylindrical electrode surrounding the high-range chamber wall.
The low-range chamber wall surrounds the low range collector.
Although not shown in Figure Al, the low-range collector is
supported, like the high-range collector, by a ceramic insulator,
and protected by a guard that is connected to the low-level or
signal ground. A collecting voltage of -150 V dc is applied to
both the high-range and the low-range chamber walls. Surround-
ing the low-range chamber wall is a protective cover that is
grounded to the instrument chassis.

High-Range Amplifier Circuit - Figure A2 is a schematic
representation of the high-range amplifier. S1 is a reed switch,
normally open, that is closed by action of coil T1. T1 is
triggered through Q 14 by a timing circuit on the auxiliary
circuit board. The switch is closed for four milliseconds, and
open for 329 milliseconds, for a total cycle time of 333 milli-
seconds, or about 1/3 second.

While the reed switch is open, the chamber capacitance
is charged by the ionization current. When the switch is closed,
this charge is transferred to Capacitor C 21. During the rest

of the cycle this charge decays toward zero through R 44. This
charge and decay cycle causes a preamplifier output signal of
the shape shown in Figure A3. The original height (amplitude)
of the signal will depend on the level of ambient radioactivity.

Figure A2 shows three similar amplifier stages
following the preamplifier. The first stage, which is typical of
the three, is composed of Ql, Q2, @3, and Q4 along with their
related circuitry. 02 is a unity-gain inverter and gate. It
is triggered by Ql. The gate passes a 1l00-microsecond sample of
the preamplifier output (measured from 9 milliseconds after the
start of the cycle). This measurement is controlled by the




gate signal of 2F that comes from the timing circuit on the
auxiliary circuit board, 'and by Capacitor C3. ' Q3 is a gain-
of-nine inverting amplifier and Q4 is an output follower.

In the next two stages, the amplifiers corresponding to Q3
are Q7 and Qll. They each have a gain of ten. The gain of
the amplifier is approximately equal to the ratio of the two
resistors on the base of the transistors (in the case of Q3,
R10/R8 = 82.579.09 = 9).The waveforms of the three amplifier
stage outputs are shown in Figure A4.

Low-Range Amplifier Circuit - Figure A5 is a
schematic representation of the low-range amplifier circuit.
With some minor modifications, the circuit operates in the
same manner as the high-range circuit. '

Auxiliary Circuit Board - The Auxiliary Circuit
Board, Figure A6, contains the timing circuit that triggers
the reed switches on the High-Range and Low-Range Amplifier
Circuit Boards, and controls the timing of the 100 us sample
used by the three cascaded amplifiers; an oscillator circuit
that provides collecting and bias voltage; a summing amplifier
that adds signals from the Low-Range Amplifier and the High-
Range Amplifier; and a fail circuit.

Timing Circuit - The basic timing generator consists
of the UJT Oscillator Ql and pulse shaper Q2. Most of the time
02 is ON, however, when the emitter of Q1 discharges C2 suddenly,
Q2 cuts off. The time required for Q2 to turn back on is
determined by the RC time constant of R5 and C3.

This circuit is shown on the left in Figure A6, and
next to it are the 9-millisecond cascade one-shot multivibrator
composed of Q3 and Q4, and the 100-microsecond one-shot multi-
vibrator composed of Q5 and Q6. These latter circuits control
the timing and duration of the l00-microsecond samples amplified
by the cascaded amplifiers of the High-Range and Low-Range
Amplifier Circuit Boards.

Oscillator Circuit - The oscillator (consisting of Qlé6
and T1l) is a basic blocking type oscillator which operates at
about 25 kHz. The secondaries of Tl provide for the collecting
and bias supplies. Both supplies are zener regulated.

Summing Amplifier - The summing amplifier is broken
into two stages. The first stage Q7 and Q8 inverts and sums
the current signals from the eight amplifier outputs of the
complete system.




. The negative pulse output from Q8 is coupled into
a unity gain inverter c onsisting of Q9, Q10 and Qll. This
stage provides a positive pulse with a very low output im-
pendance at the peak-reading voltmeter. Gain adjustment ,
for the summing amplifier is done by means of R26. The gain
of the summing amplifier is a small fraction reducing a
signal potentially about 73 volts maximum to a maximum of
8.11 volts.

The peak-reading voltmeter comp.ises the diode CR7,
capacitor C1l3 and source follower stage consisting of Ql2 and
the constant-current stage Q13. The positive pulse output of
the summing amplifier charges Cl3 through the diode. Since
the source follower has a high input impedance and CR7 has a
low reverse leakage, a very small amount of charge will bleed
off C13 between signal pulses. To speed up the decay time
constant of the system, C1l3 is discharged for 9-milliseconds
preceding every signal pulse. This is done by Q19 and R49.
Q19 is biased and switched from the charge pump consisting of
C22, CR 13, 018, and Ql7. :

When the trigger input is zero volts, Q17 is off and
Q18 is on. C22 charges very fast through the saturated
- transistor Q18 and CR13. During this process the gate of Q19
-is held near zero volts and Ql9 maintains a low drain to source
on resistance. When the trigger is returned + 12 volts, Q17
turns on and Q18 is driven off. The gate of Q19, therefore,
sees the negative 12 volt charge on Cl13, causing the drain to
source resistance of Ql9 to become very large.

The dc output driver consists of a pnp-npn complementary
emitter follower, Q14 and Q15. A capacitor is placed at the base
of 014 to smooth out the signal from the peak reading voltmeter.
This capacitor determines the upscale response and can be
reduced if faster response is desired.

Fail Circuit - The fail circuit monitors the collecting
supply through 020 and monitors the bias supply through Q21.
The outputs of Q20 and Q21 are fed through an and gate to the fail
indicator drive in the readout module. A fail circuit signal
indicates a functioning system. Absence of a signal indicates
a faijure.

Power Supply Circuit Board - The Power Supply Circuit
Board is a Mother board containing connections for the other
circuit boards and routing wiring between the three boards and
the Pl connector. The check source movement is mounted on
this board. Figure A7 is a schematic circuit diagram of the
Power Supply Circuit Board.

Readout Module - The circuit diagram of the readout
module is shown in Figure AB8. Four different functions are
performed by the readout module:
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- Give a meter indication of the measured radioactivity

* Actuate warning devices when the radiation reaches a
certain level of intensity T

+ Give a warning of failure when any part of the system
does not operate properly

* Provide low-voltage dc power for system use

' Meter Indication - The signal from the detector enters
the module through J2-B. The readout is a 50 uA D'Arsonval
meter with appropriate multlpllers to make a voltmeter. The
series meter dropping resistor is in two parts, R4 and R10.

In the eight~-decade ALL mode of operation, R4 and R10 are both
in series with the meter. For the various 3-decade modes of
operation, R10 is replaced by a bias of zero to five volts
opposing the input signal. The bias comes from zener diode
CR1l, and is adjusted by R9. The five volts should occur
between R9 and Rll. The series string R11l, R12, R13, R14, R15
determines the level of the bias voltage seen by tihie meter.
Computer and 10 mV recorder outputs are prov1ded from the 50 mv
divider string R1l, R2, and R3. :

Warning Actuation - The readout module has two alarm
lights on its front panel: An amber ALERT alarm, and a red
HIGH alarm. 1In addition, it has outputs for remote alarms.
As shown in Figure A8, there are two similar alarm circuits, one
for the ALERT alarm, and one for the HIGH alarm.

In the HIGH alarm circuit, Ql is a comparator that
compares the input at its base with the set level at its
emitter (This level is set by adjustment of R20). When the
input exceeds the set level by a certain amount, Ql, Q2, and
Q3 start conducting. The red light goes on. If a remote alarm
is connected, it actuates, and Relay Kl is actuated. If Jumper
Jl is in place, the alarm will continue until it is reset
manually. For automatic reset J1l must be removed. Once Jl
is removed, it is difficult to replace. One segment of the
Function Switch is connected in series with the reset button,
and in CS position, opens the circuit thus defeating the alarm
while the Check Source is in position.

The check source actuating circuit is a "dead man"
circuit. That is to say, the normal at-rest position of the
check source is in test position where it irradiates the ion
chamber. It takes applied power to keep the check source
retracted. Therefore, element S4C shows power applied to the
check source except in the CS position where the check source
line is grounded.

83



The ALERT alarm circuit operates in a manner
analogous to the operation of the HIGH alarm circuit. There
is no provision for a remote alarm with the ALERT circuit,
other ‘than from Relay K2.

“ Fail Warning Circuit - As long as the green FAIL
llght is on, the system is operating properly. A failure
in the system is indicated by the light going out. Q9 is
an electronic switch that switches off the light circuit on
loss of a so-called fail signal from the detector. I

Power Supplies - Line voltage is applied to the
primary of Tl and the secondary provides 22-volt power which
is rectified to provide operating power for lights and
" relays as well as power for the meter movement that operates
the check source.

A regqulated bias voltage of 14V is provided through
Qll driven by Q10. The differential amplifier, Q12 and Q13
supplies Q10. Ql4 supplies constant current for Q13. CR14

. supplies voltage regulation, and is temperature compensated
by CR12 and CR13.

An 18-volt standby battery can be connected at J3-K
and J3-L to support the channel operation during power failure.
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Stalnless Steel Vessel Contaminant Leveisv

and Chemical Analyses

This appendix contains the raw data collected on the contaminant
levels inside the SS Vessel as well as those in the fiberglass
insulation. The results of tests looking for boron are also
included. ,

SWIPE SAMPLES

Chart Bl - Swipe locations

Chart B2 - Number of counts in 1 minute

Chart B3-B1l0 - Activity Concentration in ucCi
of swipe Nos. 1, 2, 7, 9

FIBERGLASS SAMPLES

Chart Bll - Fiberglass sample locations
Chart B12 - B18 - Gamma Spectrum Analysis
of 7 samples

CHEMICAL ANALYSIS OF VESSEL LID UNDERSIDE

Memo on Particulates

BORON ANALYSIS

Chart B19 - Sample locations
Chart B20 - Boron concentrations
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Swipe Sample Locations

Location

Oily Substance on Underside of
Vessel Lid

2 : E Clean Area Under Lid Gasket

3 valxt’“ : . Detector Cable Near Detector

4 Area Under Lid Gasket, Inner
Diameter

5 Bottom Side of Lid Approaching
Gasket Seal

6 Top of Detector

7 Bottom of Vessel

8 Detector Cable Near Vessel Tube

9 Vessel Side Halfway Down
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_CHART B2

B N S ) - . e TV by srer e srmerssaas s s bt

RESULT SUMMARY
9 SAMPLES COUNTED ON INSTRUMENT B FOR 1.0 MINUTES ERCH

DRTE COUNTED 30-RU5G-1982 FROM 10:43 FOR 13 TOTAL MINUTES

ALPHA EFFICIENCY = 19% i-=1! BETA EFFICIENCY = 40X

ALPHA BRACKGBROUND = 0.00 CPM !~—-! BETA BHCKGROUND = 3.00 CPM
{--! BETR MDA = 12.930 DPM

ARLPHR MDR = °  0.000 DPM

RESULTS ARE SHOWN = 2.0 SIGMA

- e W T A = R G G G T A — — . —— ——_— Y - - > - — —— — - — — —— > o ——— — " — —— — T — v {ro o 7o cm

- — — ——— — > 5 - 2 ————— i —— - ———— " (i —— — -

SHMPLE | ALrPHA RESULTS — DPM : BETA REsuLTs — DPM }

TR T e :

1 1§. 62.275 | 31477.500 £ S61.132

& E 131 579 % 52.632 E 19075. 000 +  436.921 |

‘3 E Llss Tmm BACKGROUND LeveL. % 1067.500 % 104,043 ;

4 E . 321.053 % 82.213 E 55157.500 % T42.7az :

S E o + 110.526 + . 48.238 : 19482.500 = 441,550

1 5.263 £ 10.526 ! 647.500 % 31,394 |

E 154.311 + 62.27% . E 24047.500 +  490.535 |

1 10.526 & 14.886 | 4102.500 +  202.316 |

R - RPT TIN 21,053 | 2225.000 & 149.666 |

+ S e e +
SRR o e e e,
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24 eAMMA SFPFECTRUM ANARALYII S .
:.0....0....‘0’.".‘.7"...‘...‘.0.‘..0‘:
CANEERRA SPECTRAN-F V2.06 SOFTWARE -

FADIATION COUNTING LREORATORY <3313 b 18-DCT-82 1831611

(£X]

ANAHL Y ST FPARARMETERS:S

\ - .
CMCA UNIT NUMEBEFR: X < RDC UNIT MUMEEF: 1.0
NETECTOR NUMEER: 1 o GEOMETRY HUMEER: v
SPECTREUM SIZE: 40%E CHANMELS

ORDER DF SMDOTHING FUNCTION: s

NUMEER OF BACKGROUND CHAMNELS: 4 OM EACH SI1DE OF FPEAK
FERK COMFIDENCE FACTOR: 20, 0%

IDENTIFICHTION ENERGY WINDOW: +- 1,00 KEY

ERFOR GUDTATIOM: 1.00 SIGMA UNCERTRINTY

MIOLTIFLET ANALY SIS FERFORMED

SFECTRAL DATHR READ DIRECTLY FROM MULTICHANMEL RANALYZER AMHO:
AMRLYZED BY*® OHERL

ZAMPLE DESCRIFTION: SWIFE TMI TOF =1
GEOMETRY DESCRIFTIOM: HAIR FILTER <2.7%5 :
ZAMFLE ZIZES 1.0000E+00D ER < CONVERZIOWM FACTOR: 1. 0000E+00
ETAHDARD =Z1ZE: 1. 0000E+00 ER

HHALYEZIE LIERARY FILE: AMLOOO

D

'I

COLLECT ZTARTED ON 13-0CT-£2 AT 10320200

COLLECTY LIVE TIME: e000, SECONDE
FEARL TIME: 000, ZECONDE
DEAD TIME: oo 00 %
LDECHYED TO 0. DAYS, 0, 0000 HOURS EEFORE THE ZTART OF COLLECT

EHERGY CALIERATION FERFORMED S-ALG-32
EFFICIENCY CALIERATION FERFORMED 1£-0CT-£:

f

FADIATION COUHTING LHBD#HTDEY CIELED 12-0C0T-32 181612

& s sba®

CHART B3
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PK CENTROID ENERGY FUHM  EACKGND NET ARER ERROR

NUCLIDES
CHRNNEL . KEVY KEV COUNTSE COUMTS e

1 703.13 351.89 1.2 91. " ' 2. s2.5 FPE-214

e 1323. 00 66l.64 . 1.9 36, ’ 414, 5.9 CE-137
ERRDR QUOTATION AT 1.00 SIGMA L
FERK CONFIDENCE LEVEL AY &0, 0%
FADIATION EDUNTIN% LAEORATORY ¢332132 o o 12-0DCT-22 12318212
ZAMFLE: SWIPE TMI TOF 1
IATA COLLECTED OM 18- DlT-wL AT 10:20:200
DECARVED TO .. 0. DRYES 0. 0000 HOURE BEFDRE THE ETARRT OF COLLECT.

FARDIOHOLODCLIDE ARHALY ZIE FEFDET

HUCLIDE ACTIVITY CONMCENTRATION IWH  oCISER
DECHY
MERZURED ERFDO® CORRECTED ERFOF
CE-137 Q.RNE-0S +-7,.ed4E-0B F.E0E-0S +-7.E4E-05

TOTHL S.E0E-US +=F.Rd4E-05 D.EDE-DS +-Foed4E-DOE

ERFROR UOTATION AT 1.00 S1GMA

FEREE ﬁDT HEZED IN AMALYZIE

CEHTROID ENERGY HET ARER ERROFR GAMMAZ-ZEC
CHRHMEL EEW COUMTE: % '

RLUCHD 3

[
n

1,89 2. 2.9 1.14E-01

HHL >

CHART B4
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DA A P A G, S A

. ,
. 5] H H M H SPECTRUMN
.
.

CANEERRA SPECTRAN-F V&. D& SOFTWRARE
RADIATION COUNTING LAE, (3313

F R

K

s

I

MZA UMIT NUMEER:
LETECTOR NUMEEE: ’
SPECTRUM SIZE: 4095 CHANNELE
DRDER OF SMOODTHING FUNCTIDM:
HUMEER OF BACKGROUND CHAMNELSS
FERK COMFIDENCE FACTOR: S0.0%
IDEHTIFICATION ENERGY WINDDOW: +- 1.00
ERROR QUOTATION: 1.00 SIGMA UNCERTRINTY

Lo

5

MULTIFLET ANALYSIS FERFORMED

DIRECTLY FROM NHLTIEH

SFECTRAL DATA READ
' . DMEFRL

AMALYZED BY:

SAMFLE DESCRIPTION: SWIPE THMI TOF
SEOMETRY DESCRIFTION: RIFR FILTER
TRAMPLE S12E: 1. 0000E+00 ER
STARMDARD SIZE: 1. 0000E+00D ER
AHALY SIS LIEBRARY FILE: AMLODO

&z
Sero 1

- COMY

18-0CT-82 AT 13247211

Ry

COLLECT ZTARTED DN

2000, SECONDE

2003, ZECOMDE
0.10 %

COLLECT LIVE TIME:
REAL TIME:
DEAD TIME:

DECRYED TO 0. DAYSs 0, 0000 HDURZ:

ENERGY CALIEBRATION PERFORMED 12-0OCT-8&
EFFICIENCY CALIBRATION PERFORMED 1&-DCT-

13

FADIATIDN COUNTING LAE. £3213

CHART

97

ADC UNIT MUMEER:
GEOMETRY MUMEER:

4 ON ERACH

¢ ¢ ¢ ¢ O ¢ * ¢ ¢ OV
*
*
*

ANALY SIS

N

LK K AR R AR B AR IK 2R 2R IR AR IR BR IR AR AR IR T SRR T SR E N P SO

18-0CT-82 14:41:24

-

HMETERS

1.0
v

SIDE OF PERK

KEY

AMMEL HAMHALYZER AMO:

M2

‘ERZ1I0H FACTOR: 1.

FEFORE THE START OF COLLECT
e
15-0CT-92  14:41:84

B5



Pk CENTROID ENEEGY FWHM  BACKGND NET AREA  ERFOF MUCLIDE S
CHANNEL KEV KEY COUNTS COUNTS % —_ s

1C 1126.34 SAZ. 90 1.6 b} 4 - crl. 12.6 CE-13249
2C 113=2.2¢8 Seg. 87 1.6 43, 41, 12.0 EE—I 4

BI-2u?
2 120%.19 e04, 21 1.7 SE1, 31295, CZ-124
4 1323.01  B&1.21 1.7 4944, 34335, CE=-13%7
SC 1591.38 TS, 2 1.2 T c053, CE-1324
el 160Z.54 281.47 1.8 S1. 173, CE-134
7 S7E9.19 124,06 2.5 15, sz, CE-134
= S7F9. 43 1339, 25 Sl 0 N TS,

ERFROR GUDOTATION AT 1.00 ZIGMH
FERE CONFIDEMCE LEVEL RT =00 0%

C - MULTIPLET AMALY:SIS COMYERGED NORMALLY
FADIATION COUMTING LAE. ¢3313) ﬁ 12-00T-82  14:41:24

ZAMPLE: IWIFPE TMI TOF <2
IATH COLLECTED DM 15-DCT-82 AT 132347311
LECAYED TO oW DAYES 00000 HOURE FEFORE THE STRFT OF COLLECT.

FADDIDMUCOLIDE HNHALY >I1 X FEPORT
HUCL IDE HCTIVITY COMCEMTRATION 1M wZr-ER

DECAY
MERZURED  ERROR CORRECTED  ERROR

L3I-134 1.37E-03 +-2.T9E-0S 1.37E-03 +=£.7IE-0S
CI-137 1L 9ZE-02 +-1.12E-03 1.93E~08 +-1. 1EE~03

TOTAHL S.OEE-0Z +~1.1cE~0Z S.08E-02 +-1,12E~-03

ERFOF QUOTHTION AT 1. 00 Z1GMA

FEREZ HOT LZED IH AMRLYEIE

CEMTROLID EMERGY HMET RRER ERROR  OGAMMAI<ZEC
CHAMMEL KEY COLIMT = %

11 CL SEZ. 3 crl. 13,6 4. UZE+00D

11 ce Sel,. 87 415, 12,10 S S TE+D

1€ =4 g01.47 179, .9 Z.7CE+0D

=¥ 19 1354.6& S 1=.8 1.9cE+0D

s 48 1393.,85 . 13,8 S.e7E+OD
RHL >

CHART B6
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LR AR AR AR 2K K B AR IR R SR BRI A S IR ZE BRI R AR K I IR AR I I B R e

CANBERRA SPECTRAN-F v2.06 SOFTWARE -

P

RADIATION COUNTING LAE. (3313 - : 19-0CT-58

ARNALY Z1S PRARRARMETERS

i T3
i
(1]
T
[9X]
L 1]

MCA UMIT NUMEER: \3 s ADC UMIT NUMEER: 1.0
DETECTOR NUMEER: 1 < GEOMETRY. NUMEER: 7
SPECTRUM SIZE: 40%9% CHANNELS E R

OFRDER OF SMOOTHING FUNCTION: S

NUMEER OF ERACEGROUND CHRNMNELS: 4 OM ERCH ZIDE OF FEFEK
FERK CONFIDENCE FRACTODR: S0.0%

IDENTIFICATION ENERGY WINDOW: +- 1.00 KEV

ERFEDFR @UOTARTION: 1.00 SIGMA UNCERTRINTY

MULTIPLET ANALYSIS PERFORMED

SPECTRAL DATA READ DIRECTLY FROM MULTICHANMEL ANALYZER ANO:
ANALYZED RY: OHERAL

SAMPLE DESCRIFTION: SWIPE TMI &7 CRIK
GEOMETRY DESCRIPTIOM: HIR FILTEF &.7
ZAMFLE SIZE: 1. 0DO0E+0GU ER
STANDARD SIZE: 1. 0000E+00 ER
AMALYSIS LIBRARY FILE: RMLOOO

EO
1

'DH?EREIDH FROTOR: 1. 0000E+0)

COLLECT STRETED DN 1&9-DCT-2& AT 10230800

COLLECT LIVE TIME: zZa00, TECOMDE
FEAL TIME: 024, SECOMDE
DERD TIME: 0.7 %
DECAYED TO 0. DAYZs  0.0000 HOURS EEFOFE THE TTART OF COLLECT

ENERGY CALIERATION PERFORMED 13-DCT-22
EFFICIENCY CALIRRRYIOM FERFORMED 1&-0C07-82

fit

FADIATION COUNTING LAE. (3313 19-0CT-82 113

CHART B7 -
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&
*
*
*

[(X]

i



"FE . CENTROLL ENERGY FUHM BACKGND 'HET RAFRER EREOF HUCLIDEX
CHAMNEL KEV HEY COUNTE COUNTS =

1C - 1126&.07 SeE. 7 1.7 E1-Y=9 W 19325, . 4.4 C3-134
Zc 1138.24 Seg. o4 1.7 33ea. 3306, 2.9 LCE-1Z4
El-gu7?
3 1209, 0% 4.3 1.7 3536, c1143. n.& C=-134
4 1322, 9 &6l.1e 1.7 &Be7, 40239, .2 LCE-13Z7
SC 1591.29 o5, 24 1.5 371. 13320, 0.9 CE-134
60 1603.50 &01.45 1.8 237, 1253, 2.9 CiE-1324
7 guve. 68 10g5. 12 1.9 180, 1552, 16,4 CO-56.1-1325
8C 2334.95%  11e7.34 2o 185. 244, 12.0
SC 234e.74 11732.24 Z.3 175. QE. 15.4 cCO-50
tu 29,16 1Z54.04 2. as. 422, S.4 C:-124
11 279,88 1333.74 = ) 43, 4. 5.5
1z T8 19RRL 02 1.0 3. 13. 4.

EFPFOR UOTATION AT 1.00 ZIGMA
FEARK CONMFIDENCE LEWEL RY 20.0%

- MULTIPLET AMALYEIS CONVERGED HOFMALLY

FRADIATION COUMTING LRE, <2213 193-DCT-22 112232812

ZAMPLE: ZWIPE TMI #7 CHZK EO
DRTA COLLECTED OM 19-0CT-32 AT 10:30:00
DECAYED TO ¢. DAYEs 0. 0000 HOURS EEFDFE THE STRRT OF COLLECT.

FARDIDHODCLIDE AMHARLY =1 X FEFORT
HUCLITE ACTIVITY COMCENTRATION IM  wlIisER

- DECHY
MERZUFED  ERROF CORRECTED  ERROF

CE-124 S.24E-02 +-5.65E-04 Q.24E-03 +-5,.65E-04
CE-1327 1.32E-01 +-F.0Z2E-02 1.32E-01 +-7.62E-02

TOTHL 1.41E-01 +-7.eSE-0Z 1.41E-01 +-7.&5E-0Z

ERFROR QUDTARTIOM AT 1. 00 ZIGMA

FEAKS MOT LZED IM AMALYSIS

CEMTROID EMERGY MNMET RREER EFRDR SAMMAREZ-ZEC
CHAMHEL KEY COUMTE *

1126, 07 SEZ.7E 133295, 4.4 c.aTE+O1
1132.29 S€S. &4 Z3EE, .3 S. U4E+01
16032.50 201.4% 1253, 2.9 Z.Ee1E+0L
Zuvh.6e8  1035.12 152, 16,9 4. 2TE+0OND
£334.95 1167.24 a4, 1.0 T.a45E+DD
S34F.74  1173.24 S, 15.4 SLO0E+QD
27e9.16  1364,.64 423, 5.4 1.53E+01
27¥99.26 1333.74 444, 5.5 1.c6E+01
F9ES. 82 139,02 12, 4. Q,9E-01

CHART B8
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0000000000000000700000000000000000000

FADIATION COUNTIMG LAE, €33213 _ 12-0CT-82 143173321

AMALY ST FPRFEFAMETER:=:

MCA LUNIT NUMEER: \3 - HDC UMIT MUMEER: 1.0
LETECTOR NUMBEFR: 1 - SEDMETRY HUOMEER: v
SRPECTRUM ZIZE: <408 CHAMNMELS

DRLER OF SMDOTHING FUMCTIOM: 5

HUMEER OF EBRCKGROUHD CHAMHELI: 4 OW ERCH Z]JDE OF FEAEK
FEAK COMFIDENCE FRCTOR: S0, 0%

IDENTIFICATION ENERGY WIMDOW: +- 1,00 KEY

ERFOR GUOTATION: 1,00 ZIGMA UHCERTRINTY

MULTIFLET AMALYEIE FERFORMED
ZFECTRERL DATH FEARD DIRECTLY FROM MULTICHAMMEL AMALYZER AMHO:
AMALYZED EBY: DHERL

ZAMFLE DEZCRIFTION: ZWIFE TMI #3 INS CARE

GEOMETRY DESCRIFTIOM: RIF FILTER 2.75 IM»

ZAMFLE ZIZE:S 1, 0000E+00 ER S COMVERZION FRCTOR: 1. O0OOE+0N
ZTANDARD ZI1ZE: 1. 0000E+00 ERA

AMALY SIS LIEBRARY FILE: ARLOOD

COLLECT ETHETED OM 13-0OCT-22 AT 11227856

COLLECT LIVE TIME: 2000, SECOMDE
FEARL TIME: =000, ZECOMDE
DERD TIME: oo, 00 %
DECRYED T0O 0. [RYSs 0.0000 HOURS EEFORE THE START OF COLLECT

EHMEFRGY CALIERATION FERFORMED 1Z-0OCT-82
EFFICIENCY CALIERATION FERFORMED 12-DCT-38

FAOIATION COUNTIMG LAE. (332130 19-DCT-22 19217231

CHART B9
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FK CENTROLD
CHRNNEL

1 1128.¢3
K 1208, 92
= 1322.98
3 1591.41

TREOF

“EAK

FALIATION COUMTY Nh

ZHMFLE®

EWIFE TMI

EMERGY
KEV

QUOTATION Hf\l.ﬂﬂ
COMFIDENCE LEYEL HT

LAE.

@9 INT

DRTR COLLECTED ON 1u oc

DECAYED

b

HUCLIDE

TOTAHL

ERFOF

CEMTROID
“HAMMEL

3

70O

H

n1

0. DRYE

OMuc

ACTINVITY

MEARZURED

=

e

.Z0E-
SE-03

FUHM
EEV

1.0
1-?
1.7

.0

ZIBMA

EBRC

=0, 0%

CRT1ED

KEGND HET AFER ERFOFR HUCLIDES
COUNTZ COUNTS =
120, 40. 46,1
113, S.& n4
vE. 1.2 a7
xR .0 O3-139
12-0CT-28  14:17:

L I D
COMCEMTRATION

EFFDF

E

“4 +-1.8CE-15
+-1.25E-04

GUDTRTION AT 1.

. S3E-03

FEAKS HOT UZED
ENERGY NET H
KEWV malilg|
SEz. 84

S16MA

+-1.3535E-04

Et

EEFORE THE ZTART OF COLLECT.

A HARLSY =1 = FEFODFRT
IM wZ1-EA
DECAY
l:DpF‘El:TEII EFRFDOF

I AMALYE1E

FER
T

41,

EFFDF  GRMMRAS/ZEC
46.1 C9%E-~01
CHART B10
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Fiberglass Sample Locations

Each fiberglass sample was a right rectangle 4" x 3" x 2"
in dimension. The count time was 600 seconds.

Sample # Location
1l Area in Center of Bottom of Vessel
where Fiberglass Contacted Vecsel
Bottom.
2 Area on Bottom of Vessel Near the

Vessel Sides where Fiberglass
Contacted Vessel Bottom.

3 Area Just Underneath Bottom of
Detector.
4 Area in Center of Feberglass

Packing Near the Detector Bottom.

5 Area in Contact with Vessel Side.
6 Area Just Above Detector Top.
7 Area in Contact with Upper Part

of Detector.
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CANBERRA SPECTRAN-F v¥2.06 SOFTWARE

B A g

>
GAMMA SPECTRUM ANRLY SIS .
.
.

00000.0000000.000000000000000000000

RADIATION COUNTING LABORATORY (3313 25-RUG-382 03:47:13

ANALY SIS PARAMETERS

MCAR UNIT NUMBER: 3 4 ADC UNIT NUMBER: 1.0
DETECTOR NUMBER: 1 s GEOMETRY NUMBER: 10
SPECTRUM SIZE: 4095 CHANNELS

ORDER OF SMOOTHING FUNCTION: 5

NUMBER OF BARCKGROUND CHANNELS: 4 ON ERCH SIDE OF PERK
PEAK CONFIDENCE FACTOR: 80. 0%

IDENTIFICATION ENERGY WINDOW: +- 1.00 KEV

ERROR QUOTATION: 1.060 SIGMA UNCERTARIMYY

MULTIPLET ANALYSIS NOT PERFORMED

ZPECTRAL DATA READ DIRECTLY FROM MULTICHANNEL ANRLYZER RANO:

ANALYZED BY:

SHMPLE DESCRIPTI1OMs™ |
COLLECT STARTED ON 25~-AUG-82 AT 09:15:16

COLLECT LIVE TIME: 600. SECUONDS

FADIATION COUNTING LABORATORY (3313) 23-AUG-82 (03:47:13

PERK ANARL ¥SIS

PK CENTROID ENERDBY FWHMN BACKGND NET RRER ERROR

CHANMEL KEVY KEVY COUNTS COUNTS %

im 1138.51 569.4C° 1.3 14334, 8359. 3.

2 1209. 32 604.82 1.7 6125. 35242, 0.

3M  1323.26 661.77 1.8 7969, 340016, 0.

M 1591.73 795.98 1.8 1418. 25939. 0.

D 2077.47 1038.38 2.0 295. 262, 13.

7 2730.02 . 1365.37 1.9 25.. 650, 4.

3 2800.56 1400.67 2.3 52. 243, 3.
I T O N N S T et L T LT St At L
CHART B1l2
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> GAMMA SPECTRUM ANRAL Y SIS
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CANBERRA SPECTRAN-F ¥2.06 SOFTWARE
RADIATION COUNTING LABORATORY (3313) 259-AUG-82

ANRLYSIS PARRMETERS

MCA UNIT NUMBER: 3 s ADC UN1T NUMBER: 1.0
DETECTOR NUMBER: 1 /’ GEOMETRY NUMBER: 10
SPECTRUM SIZE: 4096 CHANNELS

ORDER OF SMODTHING FUNCTION: S5

NUMEBEFR OF BRCKOROUND CHANNELS: 4 ON EACH SIDE OF PERK
PEAK CONFIDENCE FRCTOR: 80. 0%

IDENTIFICATION ENERGEY WINDDW: +- 1.00 KEY

ERROR GUOTRATION: 1.00 SIGMA UNCERTRINTY

MULTIPLET ANALYSIS NOT PERFORMED

ZPECTRAL DATA READ DIRECTLY FROM MULTICHANNEL ANALYZER RANi:
ANALYZED BYS ONERL

ZAMPLE DESCRIPTIDOM: =2
COLLECT STRRTED ON 25-AUG-82 AT 10:1z:36

COLLECT LIYE TIME: 600. SECONDS

RADIARTION COUNTING LABORATORY (3313 25-RUG-32
PERAK RNAL Y SIS

10:23:10

1023210

PY. CENTROID ENERGY FWHM BRCKGND NET AREA ERROR NUCLIDES

CHANNEL KEY KEY COUNTS COUNTS %
1M 1133.42 569.39 1.6 1251. 946. 3.4 C35-134,
BI-207
c 1209.28 504.80 1.6 557. 3548. 2.0 CS-134
3 1323.26 661.77 1.7 386. 33306. 0.6 C3-137
4M  1591.68 795.986 1.7 49, 2544, 2.1 C€S-134
5 2335.47 1167.95 2.0 23. 25, 33.9
=) 2729.64 1365.18 2.0 S. 39. 14.6 C3-134
ERROR QUOTATION AT 1.00 SIGMA
PEAK CONFIDENCE LEVEL RT 80. 0%
M — POSSIBLE MULTIIPLFT
CHART B13
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CANBERRA SPECTRAN-F VY2.06 SOFTWRRE

RADIATION COUNTING LABORATORY <(3313) 24-Alib-82 15219
ANRLY SIS PRRAMETERS
MZA UNIT NUMBER: 3 e ADC UNIT NUMEER: 1.0
DETECTOR NUMBER: 1 s GEOMETRY NUMBER: 10
SPECTRUM SIZE: 4095 CHANNELS
OFDER OF SMOOTHING FUNCTION: 5
MUMBER OF BACKGROUND CHRANNELS: 4 ON EHCH SIDE OF PERK
PERK CONFIDENCE FRCTOR: 90.0% ,
IDENTIFICATION ENERGY WINDOW: +— 1.00 KEV
ERROR QUOTATION: 1.00 SIGMR UNCERTHINTY
MULTIPLET ANALYSIS NOT PERFORMED
SPECTRAL DATA READ DIRECTLY FROM MULTICHANNEL RNALYZER ANO:
ANARLYZED BY: ONERL
IAMPLE DESCRIPTION: &3
COLLECT STARTED ON 24-RUG-82 AT 15:09: 00
COLLECT LIVE TIMES: 600, SECONDS
FADIATION COUNTING LABORATORY (33132 24~-Ali-82 §15:19:
PERK ANALY S1IZS
PK CENTROID ENERGY FuWHM BACKGND NET RREAR ERROR NUCLIDES
CHANNEL KEY KEY COUNTS COUNTS A
1 1323. 04 661.66 1.9 2. 246. 6.4 C(C3-137

ERROR GUOTATION AT 1.00 SIGMA
FEAK CONFIDENCE LEVEL RT 90.0%

- CATRIatAL I el

CHART B1l4
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. GRARMMA SPECTRUM ANRLYSIS

.

CANBERRA SPECTRAN-F V2.06 SOFTWARE

RADIATION COUNTING LABORATORY (3313) 24-AUG-S2

ANALY SIS PARAHAMETERS

MCA UNIT NUMBER: 3 e ADC UNIT NUMBER: 1.0
DETECTOR NUMBERS 1 s GEOMETRY NUMBER: 10
SPECTRUM SIZE: 4096 CHANNELS

ORDER UOF 3SMOOTHING FUNCTION: S5

MUMEER OF BRCKGROUND CHRANNELS: 4 ON ERCH SIDE OF PERK
PEAK CONFIDENCE FACTOR: 80.0%

IDENTIFICATION ENERGY WINDOW: +- 1,00 KEV

ERROR GUOTATION: 1.00 SIGMA UNCERTARINTY

MULTIPLET ANALYSIS NOT PERFORMED

SPECTRARL DATH READ DIRECTLY FROM MULTICHANNEL ANALYZER AND:
AMALYZED BY: ONERL

SAMPLE DESCRIPTION: =4
COLLECT STRARTED ON 24-RAUG-82 AT 15:23:27

COLLECT LIVE TIME: 500. SECONDS

RADIATION COUNTING LABORATORY (3313 24-RHUS-52
PERK ANHLY SIS

*
4

L 2 I N BN 2R JEE K JNE N JBN N R 2R JNE R JEE K R IR N JEE JER JER JEE TR TR R JEE JER JER JNE JER JER N 2
i

16214: 07

15214507

PK CENTROILD ENERGY FUWHM BRACKGND NET RREAR ERROR NUCLIDES

CHANNEL KEY KEY COUNTS COUNTS %
1 1209. 05 504.59 1.7 4. 43. 15.9 C3-
2 1323.35 661.82 1.8 6. 337. 5.2 C35~
CHART B15
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- GAMMA SPECTRUM HNALVYSIS .
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'00000000000000000000-0000000000000000

CANBERRA SPECTRRAN-F V2.06 SOFTWARE
RADIATION COUNTING LABORATORY (3313 25~-AuUB=32 11:03:49

ANALY SIS FPARRAMETERS

MCA UNIT NUMBER: 3 e RDC UN1T NUMEER: 1.0
DETECTOR NUMBER: 1 s GEDMETRY NUMBER: 10
SPECTRUM SIZE: 4095 CHANNELS

ORDER OF SMOOTHING FUNCTION: 5

NUMBER OF BACKBROUND CHANMNELS: 4 ON EACH S1DE OF PEAK
PEAK CONFIDENCE FRCTOR: 80, 0%

IDENTIFICATION ENERGY WINDOW: +- 1,00 KEVY

ERROR QUOTATION: 1,00 SIGMR UNCERTRINTY

MULTIPLET AMNALYSIS NDT PERFUORMED

SPECTRAL NATA READ DIRECTLY FROM HULTICHHNHEL HHHLYZER AND:
AMALYZED BY: ONERL

SAMPLE DESCRIPTIONS 25
COLLECT 3TARTED ON 25-AUG-82 AT 10:54:28

COLLECT LIVE TIME: 600. SECDNDS

RADIATION COUNTING LABORATORY (3313) 29-AUG-82 11:09:49
PERK ANHL Y SIS

PK CENTRDID ENERGY FWHM BACKGND NET AREAR ERROR NUCLIDES

CHAMNEL KEV KEVY COUNTS COUNTS %
iMm 1133.52 569.44 1.6 c03. 173. 19.1 C35-134,»
Bl-2u07?
2 .1209.¢21 604.77 1.8 9z. 534. 5.3 LCS-134
3 1323.24 661.76 1.8 171, 5133. 1.5 CS-137
4 1591.71 795.97 1.7 44. 312. 6.3 C(S5-134
CHART Bl6
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GAMMA SPECTRUMNM ANRL Y SIS

*oae

CANBERRA SPECTRAN-F V¥2.06 SOFTWARE
RADIATION COUNTING LABORATORY (3313 25-RUG-82

ARNALY SIS PARRARMETERS

MZA UNIT NUMBER: 3 7’ ADC UNIT NUMEBER: 1.0
DETECTOR #UJMBER? 1 /’ GEOMETRY NUMBER: 10
SPECTRUM SIZES 4096 CHANNELS

ORDER OF SMOOTHING FUNCTION: S

NUMEER OF BACKGROUND CHAMNELS: 4 DN EACH SIDE OF PERK
PERAK CONFIDENCE FRCTOR: 80.0%

IDENTIFICATION ENERGY WINDOW: +- 1,00 KEV

ERROR GUOTATION: 1.00 SIGMA UNCERTAINTY

MULTIPLETY ANALYSIS NOT PERFORMED

SPECTRAL DATA READ DIRECTLY FROM MULYTICHANNEL ANALYZER AMNO:
ANALYZED BY?: ONERL

SAMPLE DESCRIPTION: 6
COLLECT STARTED ON 25-AUG-82 AT 11:23:37

COLLECT LIYE TIME: 500. SECONDS

RADIARTION COUNTING LABORATORY (3313 25-AUG-32
PERK ANRL Y SIS

s
Wl

-1

PK CENTROID ENERGY FWHM BACKGND NET ARREA ERROR NUCLIDES

CHANNEL KEVY KEY COUNTS COUNTS %
1 1203.84 604.58 1.3 5s8. 245. 3.3 cCs
2 1322.92 6£61.60 1.8 41, 2396. 2.1 C3
3 1591.47 795.85 1.9 10. 164. 8.5 C=
CHART B1l7
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5AMMA SPECTRUMNM ANRLYSIS .

.

® S 0 0 00 PP CEEEOEIPIEILEIEEPELIEPLEPIPIEEOLEOEOEOSIEOPSPIEOEOSES LR IR 2
NBERRA SPECTRAN-F V2.06 SOFTWARE

DIATION COUNTING LABORATORY (3313 24-RUG-32 15:01:12

ANRLYSTIS PARAMETERSES

H UNIT NUMBEK: 3 ’ ADC UNIT NUMEER: 1.0
TECTOR NUMBER: 1 s GEOMETRY NUMBER: 10
ECTRUM SI1ZE: 4096 CHANNELS

DER CF SMUOOTHING FUNCTION: S

MBER OF BACKGROUND CHANNELS: 4 OM EACH SIDE OF PERK
AK CONFIDENCE FACTOR: 90.0%

ENTIFICATION ENERG6Y WINDOW: +- 1,00 KEVY

OR QUOTATION: 1.00 SIGMA UNCERTARINTY

_TIPLET ANRLYSIS NOT PERFORMED

ECTRAL DATRA READ DIRECTLY FROM MULTICHHNNEL RANALYZER ANO:
ALYZED BY: ONERL

MPLE DESCRIPYION: &7
LLECT STRRTED ON 24-RUG-82 AT 14336359

|LECT LIVE TIME: 500. SECONDS

NIATION COUNTING LHBORATORY (3313) Z4-RHG-22 15:01:12

PERK ANARL Y SIS

¢ CENTROID ENERGY FWHM BACKGND NET AREAR ERROR NUCLIDES

CHARNNEL KEY KEY COUNTS COUNTS *
1 1209.93 605,12 0.9 5. 29. 3.0 L5-134
2 1323.37 661.83 1.8 19, 287. 5.3 C£3-137

20k QUOTRTION AT 1.00 SIGMA
1K CONFIDENCE LEYEL AT 90.0%

- et i < S n o e A 2 e .

CHART B18
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Sandia National Laboratories

date: . August 9, 1982 _ Albuquergue, New Mex.co 87185

to: M. B. Murphy, 2341

A§<f4ﬂ4A119L2
from: . F. Duliere, 9453

subject: Analysis of Particulate from Three Mile Island Container

A radiation detector container from the Three Mile Island
reactor facility was opened at Sandia's hot cell facility

in order to check the detector and determine if its container
had been breached during the TMI accident. When the detector
was removed some particulate was found inside the container.
Four samples of the particulate were stripped from the inside
of the 1id and examined by scanning electron microscopy and
x-ray energy dispersive spectroscopy. The material was
removed from the areas shown below.

Sample #h
Blue-green particles

Sample #3
White particles

Approximete gasket area Sample #2

BRlack particles

Sample #1
Red-brown particles

Sample 1 (Figure 1) was stripped from the inner edge of the
gasket area. The particles looked like rust. The elemental
spectrum (Figure 2) supports this: the predominant element
is iron. In addition to iron there are minor amounts of Mg,
Si, Pb, €1, Sn, Ca, Cr, Zn, and Zr.

Sample 2 (Figure 3), which was stripped from the area around
the hole in the 1id, was a black particulate. Its spectrum
(Figure 4) reveals a composition of primarily Si, Zr, Pb, Cr,
and Fe with minor amounts of Sn, Ca, and Ni.

Sample 3 (Figure 5), which was stripped from the center of the

1id, consisted of a white particulate. It was primarily Al,
Si, and Ca with minor amounts of Pb, Cl, ¥, Ti, and Fe (Figure
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Sample #4 (Figure>7), which was taken from the gasket area,
was blue-green-white particulate. It was the most radioactive
of the samples; swipes showed 78,000 dpm. Isotopic specie

. analysis by Health Physics Division 3312 showed that Cs-137
- was the active isotopa. X-ray analysis did not detect Cs

but showed major elements to be Si, Ca, Ti with minors of
Al, Pb, Fe.

Due to lack of positive background information, no conclusions
were made as to how the particulate fornusa2d.

SFD:9453:j1
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Figure 1 SEM LOX
"Rust" particles stripped from the inner
edge of the 1id gasket area ' :

. 728KEY, . 26.

IugSiZﬁ)Cl S)(:}a
Figure & .
Elemental x-ray spectrum of particles in fig. 1

"Cr Fe Fe'  7n
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SEM 1000X

SEM 100X

Figure 3
Black particles stripped from around a hole in the lid

e Fe i

Cr F

Figure U

Elemental x-ray spectrum of particles in fig. 3



; N \‘{ J AV' - {
SEM 40X : SEM 1000X

Figure 5

White particles stripped from the center of the 1id

I
SR A SR ! :
.““I "*& 'Lv"'pl o -". B
Al Si Pb_.K Ca Fe

Cl

Figure 6

Elementzl x-ray spectrum of particles in fig. 5
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Figure 7 : , SEM 40X

Blue-green-white particles stripped from the
gasket area

AlSi Pb Ca Co Ti Fe

Figure 8

Elemental x-ray spectrum of particles in fig. 7
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CHART B19

Boron Analysis Sample Locations and Procedures

Samples Al through A5 were taken in various locations on the
underside of the vessel 1lid. The cotton swabs were first
moistened with de-ionized water and then swabbed over a

2" x 2" area. Sample A6 was done in the same way except
that a swipe was used. Sample A7 was a swab of the outside
" top of the vessel after cleaning with toulene (done to see
of boron was in the SS vessel itself). Samples P6, P7,

and P9 were swipes taken for counting purposes in which no
moisture was used to remove the chemical contaminants.

Each sample was analyzed using emission spectroscopy
techniques.

117



CHART B20
. ~ INDUSTRIAL HYGIENE SERVICES File No.
Laboratory Data Sheet
Submitted by Org. Analyst
1 3 4 , : . " | G’-Rjﬁl'\/l A 1 i L J
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QE5- A G-Z2 2LLuG-E2 i
Oey Mon Yr Day Mon Yr ;
Lab Log No. Analyticsl Msthod No. (NIOSH) o
(A A —_
A20)8)3 QL1822 e Fei St
Contaminant Contsminant Code (CAS) 4 :
] .
Lo , " ;
Raference: l
[~ Bidg/Rm ,
Anaiysis Requested Priority !
(EK’POV\ Rush Ususl® '
Log No. gample Description Reulu Units |
g283 _A-/ - Tp S g
Al 4' 2 1 200 ,f/ .
/ S- '—rﬂ- 3 ] i ] -,?/L-‘ " ;
/£ 4 'y " /’30)', B
172 A5 " Qo :
/% _'14’5 Ll Pepe M - 9“/‘;_ !
¥ A-7 C?”/‘;Ip Nh ,
'Z’ P é -GN‘( ’ﬂl?d)’l TQ{’ C‘( D«’ /«Q L‘\ N ’I i
2/ 07 N Bedew of Cay, N
7 / é N -
2 2— ’fD S “ " QJ,‘ Sidos - 0(--1 A/U
{Continue entries on additional sheets, attach together.) ( e ~4
A- ‘ed by Date

SA 3940-A(1-01)



APPENDIX C

Ratemeter Accuracy

The data presented oan Chart Cl and C2 were obtained by
applying a DC input voltage ranging from 0 to 8.0 voclts
to the ratemeter input (which is the detector output)
and observing the meter deflection (Chart Cl) and
measuring the recorder output (Chart C2).
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AT T WiV J

HP UR 1901 Stripchart Recorder Accuracy

and Corrected Data

The memo which follows to J. B. Logan/B. C. Rusche of
Metropolitan Edison Co. from Donald Nitti of B&W provides
a good summary of Dome Monitor observations made shortly
after the accident. Among other things Nitti provides
the only information we have regarding the accuracy of the
stripchart recorder. He states, "There was a calibration
error between the Dome Monitor indicator and the recorder
such that the 8 decade signal was printed only over the
first 3.78 decades of the 5 decade chart paper." The
corrected HP-R-214 stripchart raw data follows Nitti's
letter.
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METROPOLITAN EDISON COMPANY

Subject Containment Dome Radiation Monitor

To

.ﬂac-w-

Subsidiary of General Public Utilities Corporation

Location TMI

. . Date  June 27, 1979
J.B. Logan/B.C. Rusche

This memo summarizes the present status of efforts to determine

the radiation dose rates inside containment from the recorded dome
monitor (HP-R-214) and other area radiation monitor readings and to
use these dose rates to quantitatively determine the amount of fission
product activity released into the Unit 2 containment building.

Background on the Containment Dome Monitor

1.

The dome monitor is not located in the containment dome; it is
sitting on top of the elevator/stairwell roof.

The containment dome monitor (HP-R-214) was designed and built to
withstand the post-LOCA environment, i.e., 50.5 psig and 280°F
for 50 minutes and 6 psig and 160°F for an additional 24 hours.

The detector and its pre-amplifier are housed within a cylindrical
shield which is shown on the attached Figure 1 (Victoreen Dwg.
No. 9041203).

The pre-amp is designed to perform within specifications up to
10°R of absorbed dose.

The instrument range spans eight (8) decades. 1If the detector
were not in a shield, the normal range of the instrumenf would be
0.1 to 107 mr/hr. The shield was designed to provide an atten-
uation factor of 100 based on a Cs-137 source. Thus, the readout
response over the range from 0.1 to 107 mr/hr is intended to be
responding to in containment dose rates of 10 to 109 mr/hr due to
the attenuation provided by the detector shield. Unfortunately,
the attenuvation factor is a function of the gamma energy, as can
be seen by Figure 2 (attached). For gamma energies greater than
1 MeV, the attenuation factor would be only 10 or less, whereas
for low energy gammas the attenuation factor would be 1000 or
greater.

The monitor indicator (see attached Figure 3) can be read on either
of two scales. The full range scale which spans all eight decades,
or the expanded scale which spans only the 3 decades below the
desired full scale reading set on the selector knob. (Since the
meter is located about a foot above eye level, the meter is often
read incorrectly due to the difficulty of seeing the position of
the selector switch and due to paralax errors).
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June 27, 1979
Page 2

7. A multipoint recorder (HP-UR-1901) prints the dome monitor readings

* (point #12) on a 5 cycle log chart along with all the other area
radiation monitors. (All the other radiation monitors are G-M tubes
with a 5 decade response; whereas the dome monitor is a dual-ionization
chamber with 8 decade response).

Problems Interpreting Dome Monitor Readings

There has been considerable confusion as to the dose rates in the
containment due to the difficulty of interpreting the dome monitor
readings. These difficulties are enumerated below:

1. The dome monitor shield attenuation factor is not known and cannot
be determined without some knowledge of the source and then only with
extensive calculations.

2. The recorder is a 5 decade log recorder, whereas the dome monitor is
an 8 decade instrument which is linear withia each decade. (Thus,
the recorder was printing an 8 decade signal on 5 decade log paper).

3. There was a calibration error between the dome monitor indicator and
the recorder such that the 8 decade single was printed only over the
first 3.78 decades of the 5 decade chart paper.

4. The five decade chart paper placed on the recorder should always be

‘ marked from 0.1 to 104 mr/hi to correspond to the other area monitors,
but at times chart paper marked 10 to 106 was used which further
confused any casual attempts to analyze the radiation ldvel within the
containment. Furthermore, the chart speed is 8 inches per hour,

but the chart paper is only marked for either 1 or 4 inches per hour.

" Conclusions Regarding the Containment Dome Monitor

1. The dome monitor was designed to survive a post-LOCA enviroament and
should have survived this accident provided that the gasketed cover
on the shield had been properly sealed. The dome monitor electronics
were designed to perform within specification up to 10°R (108 mr).
The monitor's pre-amplifier, which is within the shield, would not
have accumulated 10°R until sometime between April 7th and April 10th.
The total accu?ulated dose through July 1lst is estimated to be
between 3 x 10° and 4 x 10°R. Victoreen has seen detectors of this
type which have been used in hot cells and have failed due to °
very high radiation exposures; they usually exhibit very unstable
signals. The dome monitor signal has been and continues to be
extremely stable.
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2. Any attempts to read the dome monitor readings (point #12) from the
HP-UR-1901 recorder charts (at least for the period between March 28th
and July 1lst)must use a scale conversion curve similar to the one
in Figure 4, (attached) and must bear in mind that full scale on the
chart is always 104 mr/hr regardless of what is:print.d on the chart.

3. The dose rates that were measured by the detector within the shield
of the dome monitor are shown in Figure 5(attached).

There is good agreement between the correctly interpreted dose rates
from the HP-UR-1901 recorder charts and the operators readings of
HP-R-214 which are logged in the Radiation Monitoring File (RM-0006)
beginning on April 6th, 1979. (Certain operator readings which
were obviously in error by a factor of 10 were not plotted). It
should be noted that all the dome monitor readings of interest are
spread over only about 1.3 inches of the recorder chart and that
1/16" could represent almost a factor of 2 in Acse rate.

4. The dome monitor readings -learly reflect when the reactor building
sprays came on by showing a marked decrease from 780 R/Hr to 36 R/Hr
(inside shield) during the first day. The slow buildup between
March 29(day-2) and April 6{(day-9) is presently unexplained except
for possibly the release due to venting the pressurizer. The sudden
rise on April 6(day-9) is indicative of venting the waste gas decay
tanks into the containment. Venting the waste gas tanks to contain-
ment continued through April 13th(day-16). Between days 16 and 33,
the dose rate decreased with a 21 day half-life. Between days 34
and 36 (April 30~May 2), the dose rate decreased with a half-1life
of less than 2 days. Then, between 37 and 55 days, the dose rate reduction
slowed to about a 13.4 day half-life (Cs-136 has a 13 day half-life).

Since this decay behavior is not characteristic of the decay of mixture
of radionuclides nor of the decrease in gamma energy spectrum and

since no fission products have these half-lives, it seems as though

the dome monitor is measuring the rate of some fission product removal
process occurring within the containment. It is rumored that some

work was done on the containment cooling system around May lst which
necessitated shutting the coolers off for sometime; if t: :, it may
explain the rapid decrcase experienced during that period of time.
Since mid-May, the dose rate has held steady at 40 R/Hr.

Recommendations for Additional Work

1. The post-accident events must be reviewed more carefully to:
a. Quantify the activity removal effectiveness of the containment
sprays during their 5 minutes and 50 seconds of operation,
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Explain the activity increase during the period May 29-April 6,

Quéntify the activity source associated with the sudden increase
in dose rate on April 6,

Explain the rapid decrease during the period Apri. 30-May 2,

Explain the slow decreases during the periods April 13-30
and May 2-21, and )

To explain the reason for the constant dose rate since May 21st.

2. The Task effort, presently in progress at B&W, to assess the radiation
exposure to components within the containment should be expanded to
include calculation of the dose rate to the shielded detector from
synthesized fission product sources which produce the measured dose
rates to the shielded detector. For example, the detector dose rate
should be calculated for each of the following sources:

a.

Airborne sources with:

1. 50% of the Xe activity in core

2. 50% of the Kr activity in core

3. 50% of the I activity in core

4, 50% of the Cs (+Ba) activity in core

Major plate-out sources on containment walls with:

1. 507% of the I activity in core

2. 50% of the Cs(+Ba) activity in core

3. 5% of the Zr(+Nb) activity in core ‘

Local plate-out sources on elevator shaft roof and monitor shield
[using same pci/cm2 as in item (b)]

Direct radiation sources from sump water containing:
1. 507 of the I activity in core

2. 50% of the Cs(+Ba) actlvity in core

3. 5% of the Zr(+Nb) activity in core

Detector leakage sources (assuming specific activity from item (a)
leaked into the detector shield).

If the above recommendations are followed, not only will the radiation
level in the containment be known, but we will improve our estimatge of
the amount of fission prolucts released into the containment and will
obtain valuable insight into how decontamination can be facilitated.
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. €.1.€ " 6%2 o€ries Area mMonitor..

2.1.2.1 General Description. See Table 1-1.

l \ - The 845 Series Area Monitor is used to monitor gamma radiation levels in the
W  reactor building dome. The 847-1 detector is installed in a special 904120 housing
with stainless steel walls and a 2-inch lead shield for extended radiation level
response. The 846-1 readout module is located in panel 12. The radiation alarm
system of the readout module is connected into the evacuation alarm system. See’
draw1ng 905474,

The radiation level is presented on the readoiut module panel meter and also as
recorder and computer outputs from the unit. The recorder output is 0 - 10mV and
- the computer output is 0 - 50mV. :

A The readout incorporates two independently adjustable electronic comparator type
‘radiation alarm trips. The alarm trips actuate the audible annunciator system and a
light on the readout module front panel.

The readout module front panel controls and indicators consist of the following:
A. The Panel Meter.

B. Function Switch - This is the only rotary switch on the front panel. It tun
the unit on and off, selects the ranges to be displayed and activates the check source

C. Amber Button/Indicator - Light on indicates alert radiation alarm trip.
Button pressed causes meter to indicate alert alarm trip set point.

r.\ D. Red Button/Indicator - Light on indicates high radiation alarm trip. Buttor
' pressed causes meter to indicate high alarm trip set point.

E. Green Button/Indicator - Green light off indicates a power supply or collect
supply voltage failure. Green light on indicates normal unit functioning. Green
button pressed resets either or both radiation alarms.
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. HP-R-214 STRIPCHART CORRECTED DATA

These data have been derived from the actual TMI-2 gtrip-

chart readings.

Correction factors have been applied to

the stripchart readings to account for the improper scaling

and log paper errors.

The left~-hand number of each set of

data (A) is the time in hours since the beginning of March
28, 1979. The right-hand numbers (B) is the radiation

.reading in R/hr.
A B

1. .0047%
2.75 - .0047%
4, 001
0379 001
LS 00729
&oA2S L1285
.75 JA3S
6,275 905
7. o 3
7.117 1.44
7.1332 1.56
7.15 1.464

7.2 33,
7.217 100.
72332 252,
7.25 4%,
7.375 517.
7.5 590,
7.4625 520,
7.75 &5,
7.370 72Z.

2.75 829,
. P3IV.
P.2D w2,
2.5 229,
Y. 7D 839,
10. sy,
10,25 327.

10.5 337,
10.7% 7&1.
11, 722.

11.25 722.
11.5 653.
11.75 658,

A B
12. 722.

12,25 721,
12.5 837,

12.75
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APPENDIX E

HP R 214 Line of Sight to Candy Canes

Charts Fl1 and F2 show the 1line of sight vectors from HP-R-214
to the steam generator candy canes A and B, respectively. As
can be seen, there is probably a line of sight to the RC-H-1B
candy cane, the nearer of the two. If we assume that the
contamination in the liquid looks like a point source to the
detector, we can make a very rough estimate of radiation level
due to this source at the detector. We calculate this level
to be approximately 675 R/hr using the following data and
assumption:

1. Assume 1.173 and 1.333 Mev photons only

2. Neglect effects of attenuation of candy cane pipe

3. Assume volume of liquid is 2.35 x 102 liters

4. Assume aperature of detectoE is 75cm

5. Assume point source and 1/R” radiation recuction
where R is the distance to the source

6. No shielding by the SS vessel was assumed

Although this calculation is very rough, it should be conservative,

i.e., radiation levels should be lower than calculated since
high energy photons and no shielding was assumed.
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APPENDIX F

HP R 212 and HP R 213 Stripcharts
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The top graph plots the stripchart from HP-R-212 as a
function of hours since the beginning of March 28, 1979.
The bottom shows similar information for HP-R-213. Note
the difference in time scales. HP-R-213 failed early in
the accident. HP-R-212 was not turned on until over 2000
hours after the accident began.
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APPENDIX G

| Radiation Total Dose Information

Appendix G contains the HFE vs. Gamma Dose characterizations
which were used to estimate the total radiation dose to
EP-R-214 transistors. Four transistor types from several
manufacturers were exposed to a CO 60 source, both passively
and actively, and the characteristic curves were measured at
two collector currents. Optical density measurements of
mylar wrap samples is also included.
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APPENDIX H

Transport Calculations and Results

154



1. Calewtate rote at HP-P- 214 Hocoton ascume
ufﬁ@uvmmfhlzafl%w&w ¢

Here we MW%% of Contoummant afne e
3472.5 —fu—a’t u/wzfo—wn oy lens,
mofle MM.UMWM%QMWMQ gl
Calewdated #s e 33189 n2, M tha volume io
//;neaoln;q:;gf;n?m —G’W opders” He rodine wondel

Hap«éfxtw ) e /3 doines The f&wdm‘h@ P ot

vn

ﬂz_ ,la’g.e. DZ a Af)ﬂﬁlw Canjﬂwu.‘mq ct /Iﬁ(&:&clo&né 9@
ad .

= Sy _ _ -2MR
Pl G- @

where. !
¢ = Sl dc»nm):'} in _phetons + cri? « 42l

Cv = V&fu/mgﬁu«'c Aotoel Aj}nem 2;(:4 A Pho'fmw ' Cog 2o AAZ‘
Lintar. altimaation cotfficint for ain in ewi'

}L =
R = /mdo'ou &Z Af&tﬂ. i Cm
é katan 1 aceounts oo Ak ads z,aﬁ'ay I /ﬁ%’rm Ay an,
32:_ nodialion cleasr é’!:tto_ P tm.'i’% ?Mq,g/:w 4
D= tye P £Lp )
Whore
D= oo Ndle im Meve gt ol

Mame = miosd a.&:o.n,ﬁt‘}ﬂ ()e%&u&d é’” an tn s g-—l
Ep = pholon 2nengy m Mev

155



In erdor 1o gpii&umuﬁvm Mnad/auémfm D we

Muct hore & Conmordion Conadaudt :

Dk = l.6ozxi6™ 3 , 30000c , 10%gm , Noad-Ka . Mnad
Mev hn Ky 107%3  10%ad
Dk = 5.77672 xio" e g Mne d (%)
Mev ¢ hn

Comnbining Lguatioma 1,2 an 3

D = Dk My, lain) SyEp [1— 1 - e'?'“‘e)] Mnad (4)
2 MR hn

Egpation 4 gines Hhe naclabion nate ao o functim
%SVEP Whicd ta o amrocwra W@Qtw_cé;;j%
wrwﬂa,ea d,a,'oaad‘zd&n | em?3 %M mt{c.x_dgg_.

0-5 o A,o,ﬂc..u_ per aeeond .

\-«% we men) /L@e,ch- e cledectis on Ao odoe s R‘:Zn.
D -f (2 ifaecr & adad oan an.

arownd t, Hhe dose na¥a D ac fewnd > Ao

(Reforemee 16, Page 579)

[ - K
B = Dit Mometain) pEp B(p,X )€ (s)
Where ¢
B(MJX)=MOA«70 gﬂnmaﬁmoﬁmagﬂa
Ahiledd matonad p omd »m‘féw,‘x
~ UL X , .
e"" = yponentid illnuckin oot

Dote ftole o a - JZW&ZMMMW
Com Bo Colewldiol buu/n9 .@Mﬂ 4 ém 2he
ovtorode 3 U HP-R-214 Veoted. Hophive g
sz&)m&t.u Dé spr ad &‘N“JA'M OZ Auwre o Umeﬁ
SvEp n <seprated inds ¥ emergy funs and :
Ain s The Aotad Nats Lo gust Hho aum oy otl 7

Camfmtat'.om.'ﬂw Ua% 03 allanuat.pw C&W

156



e obso ﬁvno&m oj ﬂ T'/m Vabluse waed ﬁrb

C?Awﬁm G a0 waed o Coledots e Nadiokion WJ

anada Al S5 vesard, Hore , evan ruaAJMn_uM
/o,eencdwwlM,&Admdm a'n awa&
Mduf A acfar wao Mud B/  Lead tomo acsinad
Ao have. . _enlae %&A&\“A m (m#am (4,597 cm).
Toadle Hl Lok Ahe .&ulduf ;M?‘eh Mazwoto- 07142.2059
a.o uJLQ,Q 0L  ravecd amn_uvtpy ('&-‘t— ﬁOﬁ Moo ond
«M—&‘n 9/\1 ()aluuoi AL (de‘ﬂ‘-CM a,diwmttﬂ W
ZZ’: /éndm/Mm) Com He W&bdwa AL clensti,
0 n A ot Hl . The RAichmiaes oz,ba/md
arne 3%4 om amd 0.635 cm W & gualion

éAo ?«M oo
l') = DKMME (M)¢EP B(,upb,pr*,_.e) e

&‘6 we WLAJZ "fo addurmme ﬂa/t M /mdm/fm nolbooce o met
W@»\MM)MQJ /n’lu»% % valuto oj SvEp

24).\4‘”; cm@(@‘?'zm 2y porontod /Le.éuue/ (Y57
oring

D= DA(-€ e ) (7)

De
wWhare

l.De= dsae nate addurn g, Wn-@ypamiv//zgﬁam

£ = ds ot inkiid alisas b b

T = Aune Conctast 4&»&mi~\ h

£ = ,wuu‘ud'moa% am/uﬂnm
Owwm@%d&aznd‘amd’r aletom
%Ih‘ Wea U&Mid U./r\jLA»Q &M&ﬂ. OLM/MQ,"W‘“MV\AQ

tdoect o Yotk doss oo covwed . Hophwa dodte wos
Chlots H2 amd H3 ol

o 60 % rulbacs .
%ﬁl:r‘ &A Mpuf‘ ﬁM M’LA&dA ewmd owlboA nete, .

rw—e $VEP .

1!

157



1. &Mm‘tb gamzma, nats .un.«.o(a_ :&(4 ss Uw_nﬂa&q.

e ato,tuf% wouldmw,m ot #hat e ss

Veaded wore d with e sama aﬁmMe:u_

as the Corldus &u/adng Jhe volame inccdle tha

Veasel 15 totlewkbollecd Lo 20.24 %103 cm3, Theo Ao
wrelewt 1o a Af‘/ﬂwﬂu—a&wnehw%a Naolius of

A7 om.

p&mo whoira Xhst the ot e cevtun e A,J.m.
Cm\iw} Rrodkonctoe ?ao#:f' J

¢ = SV/? (8)
Yhe Adreae nete in an at the tenly 4o :
D= D Jpmg (s Sy Ep R Mngd (9)
he

?Aojﬁo-nqga%mmdmi &(5)1‘5&@&«%
H2  eeibibion. 1o AL pP-R-2)% ncadond due B

imacde. te yeaarf. Thig CaMiww ahonlol indicate /u?&a
Lorvoke Lhom wore aciu.,ua Aance W Ao

e vncodaminated o insida e N—«An—QCowqd aw?-é&u
IIQPQaced CMMAtJ air ., AQAO n ‘Z,K‘o Coae Zhe
Aataelen s P TNuc WW%MVM.MCJ

he ﬂf\ﬂzm Wad:ik /u M
w Cam PWYYRLY PN I-4
06 40% oé Hhe Coned modla goo o«."

NM cawt HE  #hat z/ ,mak nate 2§ 853 Ritn Py

Ma 20070 /m/QMeﬂ. 'T'hu.a, Mc&' o af,&ﬂm«:ﬂ—u

Very Comadnvating u& Con clucle tHol oo was mat
om A/MPM.*J!M*{ JAE 64 houra 9& 4o 59 R~
ock "Draa f& /Jpaﬁa.ul &mjan Aoy ads ,QM
MeZiveon 60 m«ol goo howu

153



L. Colewbety nadiatism Note inside ss veotd due 2
mmﬂm%mﬂudwuw

J%m o we caéwﬁaia.%nata Ma.
um L:;é’%w ‘;l
wmzf Cerasn Amu, dfld dem@W;ﬂ‘
olﬁpbd‘ 2% Momd/ufa@ Abe, mewr -
lm a.cline a 2.5 psi L
», 3“ abentite zgxf’d Doder % M’Li’j:: )
sl u ]
WW et T B

»(nfzu assume thet 24, uw,,;&ma?j

l‘7l’7 mmd¢me DM
Z&M{J\(gm ylz@wt:om ,emwm %azg/tr/t W/xo

gMAM

el

where. : . .
E, = ancedend Mﬁa wm Mev

/0: Mojmoawyy)m g-OWT3
JE/dx- Mjop/owéwajt&mmm Mcvo/m}
2 Ahcknis of abowhe i Cm
From Taik foge 153 (Raforence \1 ) 2 chae nate <o
= 5,*, v g
k¢(%) sy R (45) (1)

dm

whoe,
dEfin = rrnse Sloping pras fou 2o mecdivo in Mevs ok §'
Vhlumibue. dource dlrangtl iy g CLocwi®

C

]

Y
;@ = uMJ; da,w_QJIA(‘.Or\ Conckont e g-MnaJ.m;\i,h,:'. ,qcf
K = Selene nodiue wa Cm

159



Jince im i troe Syis ganem in pli-om® We mmadt
;c“w‘d" o dA{W Commension Conedard ,é,

£ - (5,7612x:b" a9 Mnad )( »

10 ¢ )(&mo"’duﬁw/Lu)
- Mev * MCi Cu

-7
Kk = 21.33804 x 10 q- Mnad

(12)
Mev - L - utCe

Jhe velua dEJdx 4o a

o mdlan !'1”5 L& WCL((JMJ' beln Mga
omd drm Ay kan od  Ale prengant anen

NI AT S -y Yaing RN TIRE Ti
(R 8 on ma(b ) haed l\m a FAL tbiehneco &1 0596
(‘m of . AL . wa kouwe (m«.«m/«mtwe mg};uj../ 1(@, aowvatin
'&6 axn  omd ace | EBM&LM,- 10, 1 and 12 tan

b taed b ca

oo v . tiu’ﬁ&ﬂ/&wm\i'c :t(,_cwtoj-t&,

Ep=Eo- P, (%_)d = Ep- (27)(59e) (dE) ()

D = (212386487 )(1717) 5, (_cig_ )
AR

dmm

D= 2.6638x10° Sy (_dg_)
AR

(14)
dam

dn ornden Ko calendite D b«milzm M we smuet
hove. voluss dE/dx fwn ewoﬂ 2mittn g0 Hat
wWe Cam Cadeud Ep . Omce. we Avoy E/; we cam Aind o
u.a,m ﬁw dEfdm fon

Lach WC e, HCRMHG A*f:wﬂc_
-ﬂw h T gu raau k.,
i W i o Hhosd echiactin
C(mctm:t«a)tm madole e \/&wﬂ

{) Rb 88 m
“\Q M'é Aovnes. . The Sy da'#q a ‘(ro PA‘M Clont
H8 Ger-2q a,ﬁtoiiqa ;Oamaé?tln.ﬂﬁdtouofpﬁm at 3,5 horwe
0-6)‘1« Mn,C'/{M *Aqf e vmusdnon Wawu.a and dzma Y/
W«j&m A 4,400 drm 160



191

E - Rin M (@in) | sy (Fe) | pun (PB) | sty (AR) | ttpe (0uin) Br (Pb)
(Mev) (em*q~") (‘M‘-"-{-')- (Em2 g" (Own ?r_') (om? 3-!) (uruts ) 224,597 cm
el . 229 4.0 4.0 55 L0553 2.0
1S . 134 . 183 1. 84 . 134 .025/ 2.0
.40 , 0953 .0919 . 208 L0922 L0296 2.1
€0 L0706 | 0654 0936 | 0683 | 0289 | 2.3
/o 30 , 0557 05212 | .ocs7¢6 .05 02656 2.0
[.70 L0482 | .04722 | ou4g 047 02488 1.8
Z.20 04279 | o414 0450 0%/ 6 02326 1,75
2.50 L o4e| .03925 ,0%35 .039 02248 1.78
2.80 03746 | 037306 ,0428 D372 02169 1.7
P (@)= .001293 g omi? = M
- -3 P
P ( Fe) = 7.9 QOYW A da‘(a from thermg‘fov\
Tot
pLPL) = 1.3 gowm? °
- 8” olko_‘{c\ "Frbm ' E%L; 2
P (AL) = 2.7 36&‘.1—3 ?&WE 18

CharT H1 ... Aﬁenua“lo;ﬂ

C‘ 6'({!(:? MJ‘ S



##un% GAMMA RATE THRU AIR AND PB w«w###
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CHART H2 (Cont.)

TOTAL

TIME 7.0 HRS

TOTAL

TIME 10.0 HRS

TOTAL

TIME 14.0 HRZ

TOTAL

TIME 24.0 HRS

TOTAL

TIME 44.0 HRS

1.70
2.20
2.50
2.80

.04

.15,

.40

.80
1.30
1.70
2.20
2.50
2.80

.04
.15
. 40
.80
1.30
1.70

2,20

2.50
2. 80

.04
.15
.40
. 80
1.30
1.70
2.20
2.50
2,80

.04
.15
.40
. 80O
1.30
1,70
2,20
2.50
2.80

.04
.15
.40
.80
1.30
1.70
2,20
2.50

« 6576E-04
« 2661E-03
« 2738E-03
«4181E-04
« 7235E-03

.1316-283
. 7698E-3%
.8013E-07
. 234SE-05
. 4687E-04
. 4245E-04
< 1717E-03
.1770E-02
. 2481E-04
. 4652E-03

- 1319-283
« 77S7E-3Y
« 6044E-07
« 1538E-0S
« 2290E-04
« 2082E-04
.8416E-04
« B6ILE-04
. 1139E-04
. 2278E-03

. 1295283
« 763SE-3%
. 4188E-07
-1013E-05
« BO626E-05
« 7857E-0S
. 3176E-04
- 3285E-04
«4162E-05
. 8631E-04

. 1220-283
« 7241E-39
. 1841E-07
«4379E-06
- 7457E-06
«6797E~-06
. 2747E-05
« 2843E-05
. 3551E-06
. 7827E-0S

. 1089~-283
. 6499E-39
. 43529E-08
« FTO7E-07
. 5573E-08
« 5082E-08
« 2054E-07
« 2126E-07
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CHART H2 (Cont.)

2.80 . 2633E-08
TOTAL . 1547E-06

TIME 64.0 KRS
.04 .9744-284
.18 .5R32E-39%
.40 .1529E-08
.80 . 219207
1.30  .4168E-10
1.70 .3799E-10
2.20 . 1536E-0%
2.50 .1589E-09
2.80  .1984E-10
TOTAL . 2386E-07

TIME 240.0 HRS
.04 . 3692-284
.15 «2231E-39
.40 . 8755E-10
. &80 « 1563E-08

1.30 0.
1.70 0.
2.20 0.
2.50 0.
2.80 0.
TOTAL . 1650E-08

TIME 430.0 HRS
.04 . FP09-265
.15 «9Y71E-40
.40 -1123E-10
. 8O . 1560E-08

1.30 0.
1.70 0.
2.20 oO.
2.50 Q.
2.80 0.
TOTAL . 1571E-08

.292 CP SECONDS EXECUTION TIME.
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Bisbaci-e ™)
209  Rulorie Tohd

sxexs GAMMA RATE THRU AIR AND PB s#eess  Oulodda

LGO

ENERGY GAMMA RATE .
(MEV) (MRAD/HR) -

TIME 0.0 HRS
. .04 O.

.15 0.
.40 O.
.80 O.
1.30 0.
1.70 O.
2.20 O.
2.50 O.
2.80 O.
TOTAL 0.

TIME 1.0 HRS
.04 . 2382E-03
.15 «2816E-03
. 40 « 38346E-03
.80 . 1536E-03
1.30 «6507E-03
1.70 « 4794E-03
2.20 « 1530E-02
2.5%0 . 1524E~02
2.80 .3106E-03
TOTAL . 3681E-02

TIME 3.0 HRS
.04 - 4597E-03
.15 .4716E-03
.40 «B8474E-03
.80 . 1402E-03
1.30 «B0SBE-03
1.70 . 5769E-03
2.20 . 19446E-02
2.50 . 1842E-02
2.80 « 3206E~-03
TOTAL - 7410E-02

TIME 4.0 HRS
.04 « S067E-03
31 «5220E-03
.40 «.83463E-03
.80 «1134E-03
1.30 « 6967E-03
1.70 +»3010E-03
2.20 « 1690E-02
2.50 « 1603E-02
2.80 « 2583E-03
TOTAL «6730E-02

TIME 5.0 HRS
<04 « SI31E-03
15 «3511E-03
»40 . 7903E-03
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CHART H3

TOTAL

TIME 7.0 HRS

TOTAL

TIME 10.0 HRS

TOTAL

TIME 14.0 HRS

TOTAL

TIME 24.0 HRS

TOTAL

TIME 44.0 HRS

.04
.15
.40
« 80
1.30
1.70
2.20
2.50
2.80

.04
.15
.40
.80
1.30
1.70
2.20
2.50
2.80

.04

.40
.80
1.30
1.70
2.20
2.30

166
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- 41354E-03

« 1401E-02
- 1334E-02
«2016E-03
« S893E-02

« S541E+03
-3758E-03
«&700E-03
- 6277604
« B6P6E-03
« Z682E-03
« O43E-03
«B6LRJE-03
« 1196E~03
. 4388E-02

« DS5SE-03
« 5802E-03
« S0S3E-02
«4117E-04
- 180SE-03
- 131SE-03
+4433E-03
-4242E-03
. S493E-04
- 2917E-02

-B44%5E-03
-9711E-03
. 3502E-03
«2713E-04
- 6802E-04
- 4963E-04
- 1673E-03
« 1603E-03
« 2006E-04
- 1958E-02

- S5135E-03
- D416E-02
- 1S39E-03

«1173E~-04

- 5880E-0S
- 4293E-05
- 1847E-04
. 1387E-04
-1712E-05
-« 1261E~-02

« 4385E-03
+4B61E-03
- 3787E-04
« 25435E-0S
« 4396E-07
« 3210£-07
. 1082E~-06
- 1037E-06



CHART H3 (Cont.)

o g, (e AZIVE-O7 -
ToTAL T eyeseE0d

TIME &4.0 HRS

TR

« 04 -4102E"°3
19 «A362E-03
40  .3278E-04
.80 . S8A9E-06

2.80 «1279E-07
TOTAL « P854E-03

TIME 64.0 HRS
.04 -4102E-03
.13 «4362E-03
. 40 . 1278E-04
.80 » SREPE-06
1.30 . 3287E-09
1.70 « 2800E~(9
2,20 . 808RE-09
2,50 . 7733E-09
2.80 . 9564E-10
TOTAL . &S98E-03

TIME 240.0 HRE
.04 . 1594E-03
.15 « 1649E-03
.40 « 7320E~06
.80 . 4185E-07

1.30 0.
1.70 0.
2.20 0.
2.30 O.
2.80 O,
TATAL «3231E-03

TIME 430.0 HRS
.04 . 84172E-04
.13 < 44467E~-04
.40 . FIPIE~07
. &0 .4177E~-07
1.20 0.
1.70 0.
2.20 0.
2.50 O.
2.80 O,
TOTAL « B6S2E-04

.289 CP SECONDS EXECUTION TIME.
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CHART H4

R L S L4
RA "~ 7.8887ES g
/LNH. FN=TAPE4 1.S094E6 - 8. 4854E1
0.0 1.0497E6 0.
8. 6379ES 8.4200E4 0.
1.595%E6 3.9215ES , 0.
3.3253E6 ' 3.0146E5 0.
1.2402E6 - 1.07&2E6 o.
2.9768E6 ) 1.0625E6 720.0
3. 4037E6 1.4210E% 1.5822E4
6.6773E6 13.0 3.0830E4
1.2312E7 7.6674ES 8. 0309E1
1.8691E4 1.4773E6 8.4704E1
1.0 7.2323ES 0.
8.5188ES 5.5158E4 0.
1.SBL7E6 1.44689ES 0.
2. 90E1E6 1.1312€E5 0.
7.9309ES 4,0376ES 0.
3. S481E6 3.9905ES EOI ENCOUNTERED,
2.7787E¢6 5. 1597E4 /
9. 37462EL 24.0
9. 633%E6 7.2247E5
2. 0283E6 1.3997E6
3.0 3. 1753ES
8. ZZ59ES 2.3820E4
1.5687E6 1.2686E4
Z. 2506E6 9.7767ER
3.&670ES 3. 4895E4
2. 2I7KEC 3.4504E4
1. 6#10E6 4, 3993ER
6. 029ZE 44,0
J.VQQesé & 4S12ED
1. 0605E6 1.2563E6
4.0 7.8139E4
. 2449ES 5.1707E%
1.5600E4 2.4242E1
1.9956E6 7.3093E1
2. 6680ES Z.60SSEZ
1.73683E4 2.5796EZ
1.31%SE4 2. 28&7E1
4.7147E6 64.0
4. 6176E4 5.7715E5
7.86755SES 1.1273E6
5.0 2.6379E4
8.1711ES 1.1923EZ
1.5514E6 7.0908E~1
1.7769Eé6 5.48448E—1
2.0240ES 1. 9S05EQ
1.3524E6 1.9287E0
1.0305E6 2.4573E-1
3. 4815E6 240.0
3.6144E¢6 2. 1869ES
5. 6425ES 4. 3134ES
7.0 1.5103ER
8.0397ES B.5S008E1
1.5344E6 0.
1.8254E6 0.
1.3149E5 0.
€.2216E5 0.
6. 29LBES 0.
2.2486E6 480, 0
2.2147E6 5. B8697E4
3. 1691ES 1.1543ES

10.0 1.9378E2
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CHART HB8

ZZnTOPE ACTWITY HALF -LiFE EMISSIon LA DEcAYS To
(i fem®) ( Mev)
Kr-23m [RTA .86 h L0094 y Hr 23
Ar- £5m 79.6 4.48 | 841 Re 325
.81 ¥ 755
3oy ¥ 4
<r- 85 /.03 10.72 Y 627 2 | Rp ®s
- 7L 4 :
'
K- 87 2.78 76 om 349 8 ; Rb 57
3.89 8 )
A3y 423 |
. 8496 7.2 :
2.55 ¢ 12.95
Wr 88 104 2.84 h .52 8 ! Sr eg
Z39r 3s :
2.9 ¥ 13 '
1,629¢& "
.96 26 .32 ‘
Rp - 29 116.8 17.7 wn 5.348 5 S Fa
892y 4.5
/.836r R2.
2675 P
Xe /31
Ne - 121 m 3.8) .92 d .03 % 34
Xeo 12309 3.4 2.194d .03 y #S§ X e 3
.233 ¥ 10.3
e - 133 1276 5.25 d .346 A Cs /23
.c3 & 38
,035 x 2.8
081 ¥ 37,1
Xe - 125§ 140.9 .09 h .9/ 8 ¢s 135
.25 ¥ 90.3
608 & 2.9
3.95 am
42 p
Xe ~ 137
€ 4SS ¥
e - |3 B.2.m 8Z B €5 138
2.4 3
258y 1.768 v
. ‘-13'45&/
¢ - 13 2.2 2.5 8 ! Ba 35
[ - 15 R 1
LY35 ¥
.o ¥
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