Durst, Bruce Michael, B.S. University of Washington, 1970

Master of Science, Spring Coummencement, 1974

Major: Nuclear Engineering

Potential Carryover of Alpha Contamination to a Reactor
by Specimevs Handled in a Hot-Cell Environment

Thesis directed by Dr. John C. Courtney

Pages in Thesis, . Words in Abstract, 236.

ABSTRACT

A study was conducted to determine how much uranium and plutonium
contamination is potentially carried cver to EBR-II by specimens
handled in the HFEF/S Hot Cells. Plutonium levels on contaminated non-
irradiated fuel elements were determined by a novel alpha counter, while
uranium contaminatioun levels were estimated from the known plutenium
levels and the approximate ratio of U/Pu contaﬁiqatibn in-cell. Conm-

: ftamipéted eléments wg?é then'subjected to tésts, studying the
contamination adherence in hot flowing argon gas and in hot molten
sodium. Thege tests were designed to simulate conditions in the trans~-
fer devices: and in the reactor primary tank.

The experiment results indicétg that less than 10~4'ug/cm?
plutonium and less than 0.1 ,Lg/cm2 uranium are typically carried out of
the hot-cell environment by fuel elements, routinely handled and
examined in-cell. Probably, none of this contamination is removed by
hot argon gas, circulating through the transfer devices. while less
than 407% p?obably remains on elements immersed in the primary tank
sodium,

Based on these results, it is estimated that less thnan 1.7 Hg

Pu~239 and less than 0.9 mg 77-235 remain on reconstituted experiment



surfaces in the EBR-II core. This would imply that plutonium contami-
nation, fixed to reconstituted experiments in the reactor core, is not
the source of the background fission product gas activity currently

observed in the reactor cover gas. However, fixed U-235 contamination

may be the source of this activity.
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ABSTRACT

A study was conducted to determine how much uranium and plutonium
contaminatién is potentially carried over to EBR-II by specimens
handled in the HFEF/S Hot Cells, Plutonium 1evelslon contaminated non-
irradiated fuel elements were determined by a novel alpha counter, while
uranium contamination levels were estimated from the known plutonium
levels and the approximate ratio of U/Pu contamination in-cell. Con-
taminated elements were then subjected to tests, studying the
contamination adherence in hot flowing argon gas and in hot molten
sodium. These tests were designed to simulate conditions in the trans-
fer devices and in the reactor primary tank.

The experiment results indicate that less than 10“4 pg/cm?
plutonium and less than 0.1 p.g/cm2 uraniuﬁ are typically carried out of
the hot-cell environment by fuel elements, routinely handled and
examined in-cell. Probably, none of this contamination is removed by -
hot argon gas, circulating through the transfer devices, while less
than 407 probably remains on elements immersed in the primary tank
sodium.

Based on these results, it is estimated that less than 1.7 pg
Pu-239 and less than 0.9 mg U-~235 remain on reconstituted experiment
surfaces in the EBR-II core. This would imply that plutonium contami-
nation, fixed to reconstituted experiments in the reactor core, is not
the source of the background fission product gas activity currently
observed in the reactor cover gas. However, fixed U-235 contamination

may be the source of this activity,
ix
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CHAPTER I
INTRODUCTION

Experiﬁental Breeder Reactor II (EBR-II)* is an important
facility for irradiations testing under the Atomic Energy Commission's
Liquid Metal Fast Breeder Reactor (LMFBR) Program.i The major goal of
this program is to develop a prototype LMFBR for commercial use;(l)
The irradiations tests are essential for the selection of materials and
the development of reliable future nuclear fuels.

The Hot Fuel Examinations Facilities (North and South*) play a
major role in EBR-II's irradiations testing program. Here, irradiated
specimens are remotely examined behind the shielding of thick concrete
walls. Many experiments are also rebuilt in HFEF after interim exami-~
nations before being transferred .to EBR-II for further irradiation.
HFEF/S has been recycling fuel and experiments to EBR~II for over ten
years, while HFEF/N will begin operations in late 1974. HFEF/S has
been primarily a nondestructive testing facility, but a few fueled ex-
periments have been destructively examined there. Many experiments will
be destructively examined in HFEF/N, so there will be a possibility of
having much more fissionable material carried over to EBR-II on the
surfaces of reconstituted experiments.

There are three fundamental ways in which more tramp (or un-

desirable) uranium and plutonium surface contamination could affect

*See Appendix A for background information concerning EBR-II and HFEF.



reactor operation: (1) Contamination could be deposited in the devices
which transport experiments to the reactor tamk, (2) it could wash off
into the primary sodium and could remain suspended or settle out on
primary tank components, or (3) it could remain fixed to experiment
surfgces in the core.

Experiments are transferred from HFEF to EBR-iI by way of the
Interbuilding Transfer Coffin (IBC) and the Fuel Unloading Machine (FUM).
In both of these devices, hot argon gas is circulated to heat the ex-
periment, so contamination could be removed by hot flowing argon gas
while an experiment is enroute to EBR-II. Eventually, levels could
build up to a point where contact maintenance on the FUM or IBC could
be hazardous. Contamination settling out on components in the primary

tank could also present a contact maintenance problem. And finally,

tramp fissionable material suspended in the core sodium'or fixed to

surfaces in the core could cause monitoring problems for EBR-II.
Potentially, the most serious effect that tramp uranium andl
plutonium contamination can have on EBR-II is associated with the
reactor monitoring systems. The reactor cover gas is continually moni-
tored for fission product activity. The presence of a large amount of
fission product gas in the reactor cover gas is indicative of a leaking
fuel element or capsule. TFissionable material in the reactor core will
also produce fission product gas, so substantial amounts of tramp
uranium and plutonium in the core sodium or on experiment surfaces

could reduce the effectiveness of these monitors.



The germanium-lithium argon scanning system (GLASS) is one of
three on-line detectors monitoring the reactor cover gas for fission
product gas.(é) This monitor currently indicates that the equivalent
of 2 ~ 3 mg tramp U-235 is in the core. It is estimated that approxi-
mately 15 mg equivalent U-235 in the core would compromise the
monitoring effectiveness of GLASS.(i) |

According to recent analyses, there are less than 2 ppb uranium
and less_than 0.004 ppb plutonium in the primary sodium.(é) This
implies that there are less than 10 ug fissionable material distributed
homogeneously in the core sodium. Smears of components removed from the
primary tank have failed to detect either uranium or ﬁlutonium as sur-
face contaminents. Therefore, fissionable material suspended in the
core sodium is probably not the source of the observed cover gas
activity.

There are two possible explanations for the observed fission pro-
duct activity: (1) fission product gases are diffusing through stainless
steel cladding and subsequently diffusing to the reactor cover gas, or
(2) there is fissionable material fixed t& surfaces in the reattor
core.(g) The only surfaces in the core are fuel element and sub-
assembly hardware surfaces. Hence, uranium and plutonium fixed to ex-.
periment surfaces could be a source of this fission product gas activity.

The amount of tramp uranium and plutonium contamination which
presently commutes between HFEF/S and EBR-II is unknown. The amount of

contamination removed from experiment surfaces by hot flowing argon gas

in the transfer devices and by molten sodium in the primary tank is also




unknown. The objectives of this study are: (1) to determine how much
tramp uranium and plutonium contamination is typically carried out of
HFEF/S by experiments, (2) to estimate how much of this contamination
is removed by hot flowing argon gas in fuel handling equipment such as
FUM and IBC, (3) to estimate how much of this contamination is removed
by molten sodium in the primary tank, and (4) to estimate how much con-

tamination is fixed to experiment surfaces in the core.



CHAPTER II
REVIEW OF PAST RESEARCH

Attempts have been made to determine typical levels of uncon-
tained plutonium present in both the air cell and the argon cell of
HFEF/S. The prime tool used for surveying plutonium levels on compo-
nent surfaces in cell has been smearing. Numerous sets of smears have
been made in the cell environment in the last few years, the mosti com-
prehensive set being recorded in June 1973 when Cook and Holson(é)
conducted an experiment to determine the amount of plutonium suspended
in the argon cell atmosphere before and during destructive examination
of a plutonium-bearing safety test loop.

However, these studiés did not.help to quantify typical levels of
plutonium and uranium that leave the hot cell enviroﬁment on experiménf
surfaces. For example, smearing is only a qualitative indicator of
typical levels of removable contamination.(z’§’2) It is not an accept-
able method for obtaining quantitative information concerning the
carryout problem. Although past smear studies do.show that plutonium is
present in both the air and argon cell, they do not indicate how much
1s typically being carried over to EBR-II. There is apparently nothing
known about how much uranium is typically carried out of cell. It is
quite possible that U-2$5 is as bad a contaminant as is Pu-239, Hence,
this part of the problem cannot be ignored.

There has been very little research in the area of how well uranium

and plutonium contamination adheres to stainless steel surfaces.



Although there is some active research currently in progress at the
Dounreay Experimental Reactor in Scotland on the adherence of uranium
to stainless steel surfaces immersed in molten sodium, results have not
been published in the open literature. Ebersole and Brunson performed
an experiment in which a known amount of uranium was plated onto a
stainless steel surface.(lé) The sample was then immersed in a hot
sodium bath, after which it was removed and the remaining uranium was
measured. In this experiment, all of the deposited uranium was removed
by the sodium bath.

In summary, past studies offer little quantitative information on
carryout or adherence of tramp uranium and plutonium contamination on

specimens examined in a hot-cell environment.



CHAPTER IIL
EXPERIMENT PROCEDURES AND RESULTS

The experimentation was divided into two major areas: (1) experi-
ments measuring levels of plutonium and uranium cqntamination carried
out by stainless steel specimens, and (2) experiments studying the
adherence of this contamination to these specimens. Conditions in the
primary tank and transfer devices were used to help determine experi-
ment procedures.

Evaluation of Detection Methods

Various chemical methods have been widely used in thelpast to
measure microgram quantities of uranium and plutonium.(lg’il’lz) These
methods are accurate and adaptable to highly radioactive specimens.
However, there are several disadvantages for using chemical methods to
measure contamination levels. For instance, chemical techniques are
costly and time consuming. This makes analysis of a large number of
samples impractical, and statistically meaningful data would be diffi;
cult to accumulate. Furthermore, the contamination would have to be
removed from the specimens for analysis; This would greatly complicate
studies on contamination adherence in various fluids as there would be
no way to compare contamination levels before and after a test.

Detection of the alpha particles emitted by plutonium offers the
possibility of quantifying contamination levels in situ. The counting

method is inexpensive, requires little time to make a measurement, and

is very sensitive, at least for plutonium. Alpha counting could not be
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used to measure microgram quantities of uranium because of its low
specific activity. However, if a U/Pu ratio could be established for
cell contamination, this ratio could be used to make realistic estimates
of uranium contamination levels from the plutonium count rate.

An alpha counter which could potentially detect plutonium on fuel
element surfaces was designed and tested (see Appeﬁdix C). The funda-
mental element in the detection system was a cylindrical gas flow
ionization chamber, which utilized argon as the counting gas. This
detector was novel in that the anode was a typical fast reactor fuel
element. Pulses, produced by radiation ionizing the argon gas, were
amplified, discriminated against and counted. In a series of out of
cell tests, the detection efficiency of this counter was determined
to be about 49% over a range of alpha activities from 2000 to
50,000 dpm, and was unaffected by beta-gamma backgrounds up to
100 mR/hr.

A test was conducted to determine the feasibility of opérating
the detector remotely. Remote operation would be necessary in order to
monitor irradiated elements for plutonium. The detector chamber was
inserted into the hot-cell environment, while the gas flow system and
counter electronics were placed out-of-cell. Gas and electronics lines
were fed through the cell wall to the detector chamber. The chamber had
to be less than 10 feet from the counter electronics as signal cables
which were longer than 10 feet produced background pulses which ex-

ceeded the counter lower discriminator level. The test showed that the

electronics and gas lines could be remotely attached with master slave




9
manipulators. In addition, fuel elements could be readily loaded into
and unloaded from the detector chamber.

The second part of this in-cell test determined if the counter

could be used to monitor plutonium on irradiated fuel elements. In

the original test procedure, an irradiated fuel element was to have
been brought up next to the outside wall of the detector and its
effects on the detector noted. The final test was to have been an
alpha count of an irradiated fuel element. These tests, however, were
never conducted in the air cell. With parameters fixed at values ob-
tained in the out-of-cell testing, the detector failed to operate.

As argon began to flow into the detector, tﬁe background pulse
heights rose from a level of 1 volt to a level of 10 volts. The back-
ground gradually returned to its initial level about two hours after
afgon flow had been terminated; Various remedies were tried to correct
the problems. A new polyethylene cap was made to insure goéd clip con-’
tact. A polyethylene tube was inserted into the gas feed lin€ to
remove all possible grounding problems created by the stainless steel
gas line. Various detector gas mixtures were tried. Pure argon gas
was replaced by a 90% argon, 10% methane mixture, a mixture that is
often used in gas flow counters because of its favorable quenching
characteristics. A 75% helium, 25% argon mixture was also tried.
Finally, amplifier gain, discriminator settings and high voltages were

varied in an effort to find some stable operating point. However, all

of these efforts were unsuccessful,




10

It was, therefore, inferred that the in-cell detector could not
tolerate the radiation levels of the air cell.. A test was performed
out-of-cell to determine what radiation levels the alpha detector could
tolerate. A detector chamber, similar to the in-cell chamber, was
placed in the radiation field of a 100 curie Ir-192 source, The
fletector and source were placed in a lead-lined room, normally used for
gamma and x-radiography. The source was exposed by cranking it out of
a lead shield to the end of a radiography snake. The resulting field
was essentially of 4-pi geometry. A Jordon Radector Detector, model
ACB-550-S, measured the approximate dose rate to the detector. The
Radector probe was positioned on the alpha detector base plate, while
both the probe signal cable and the alpha detector preamplifier cable
were fed to their respective counting circuits outside the room. The
dose rate to the detector was varied by moving the snake hea& away
from the alpha detector. The response of the alpha detector to these
various field strengths was then observed on an oscilloscope.

The experiment showed that the 2-inch alpha detector could not
tolerate a gamma dose rate of greater than about 10 R/hr., As Table I
1llustrates, for dose rates above this level, background pulse heights
exceeded the lower discriminator setting of 2.0 volts. In general,
background pulse heights were roughly ﬁroportional to the cube root of
the dose rate.

As a consequence, this detector could not be used to monitor con-
tamination levels on irradiated fuel elements. The following course of

experimentation was, therefore, chosen to study the problem of how much



contamination is carried out-of-cell by fuel elements, Non-
irradiated contaminated elements were subjected to tests which simu-
lated conditions in the transfer devices and in the primary tank.

The alpha counter, mentioned above, was used to monitor plutonium
levels on element surfaces before and after each of these tests. The
corresponding uranium levels were then estimated from the approximate
ratio of U/Pu contamination in-cell, which was obtained from chemical

analysis.

11



TABLE 1

ALPHA DETECTOR BACKGROUND AS A

FUNCTION OF DOSE RATE

Detector Distance Observed Detector Detector Background
from Source Dose Rate _ Pulse Height
(inches)** (R/hr.) (volts)

80 18 2
64 28 : 3
32 90 4
14 400 6

*Lower discriminator voltage levels = 2.0 volts.

**Distance measured from center of Radector probe to snake head,

12
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A Preliminary Study Using Stainless Steel Blocks

The objectives of this experiment were: (1) to obtain an order of
magnitude estimate of uranium and plutonium contamination picked up in-
cell by stainless steel surfaces from fallout, (2) to obtain an order
of magnitude estimate of uranium and plutonium contamination picked up
in-cell by stainless steel surfaces from handling, (3) to obtain
qualitative information concerning the buildup of surface contamination
with time in-cell, and (4) to obtain an approximate ratio of U/Pu con-
tamination levels in-cell.

The test specimens in this experiment were twenty stainless steel
cylindrical blocks (see Figure 1), Each block was 1-inch high by
3/4-inch diameter and made of type 304 stainless steel. A removable
spring-steel bail was inserted into the top of each block for handling
purposes. In this way, a block could be handled in-cell without
touching the experimental surface. Each block was polished an&
cleaned with acetone before being introduced into the cell,

The twenty blocks were divided into five sets of four. A number
and a letter were etcﬁed on the bottom of each block for identifica-
tion. The number indicated a particular block set; the letter indi-
cated a particular block within a set (e.g. 1A was block A in set 1).

A stainless steel box was used to insert the blocks into the cell.
The box was subdivided into twenty separate compartmehts by an ice tray
type divider. The compartments were labeled similar to the blocks, with
rows being numbered 1 to 5 and compartments within a row being lettered

A to D. Thus, each block had a specified location in the box. The box
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had a removable 1lid to prevent contamination of the blocks in the
transfer process.

After transfer into the cell, the block sets were moved to the
cell locations illustrated in Figure 2, Sets 2, 3, and 4 measured
fallout in the argon cell over varying intervals of time, while set 1
measured fallout in the air cell, Set 5 was the only block set in-
tentionally handled in-cell. All four blocks within this set were
grossly handled with master slave maﬁipulators and dusted with a
cleanup brush in the argon cell.

After their removal from the cell, the blocks were transferred
to the Argonne National Laboratory-West Amalytical Section for
chemical analysis of the surface contamination. The procedures for
the analyses are outlined in Appendix B.

The results of this experiment are summarized in Tables II and III.
Referring to these data, contamination levels of about 10"5p.g/cm2
plutonium and less than 0.04 pg/cm? uranium were observed on block sur-—
faces from fallout only. About 10“3 pg/cmz'plutonium and 1 }.Lg/cm2
uranium were observed on the surfaces of the blocks that were handled.
There was no significant buildup of contamination with time in-cell,
This is most readily seen by comparing data from fallout sets 1, 2, and
3. (The fallout data from set 4 were lost in the course of the experi-
ment due to the mishan&ling of these blocks.)

The maximum observed ratio of U/Pu contamination adhering to block
surfaces was 878, Explicit contamination ratios were only obtained for

blocks in set 5 because the small amount of uranium on the fallout
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blocks was below the limit of detection. However, from the data in

both Tables, it can be seen that the maximum ratio was probably about

1000:1.
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20
Levels of Contamination Carried Out-of-Cell by Typical Fuel Elements

The objectives of this experiment were: (1) to determine how much
contamination is typically carried out-of-cell by fuel elements routine-
ly handled and examined in the hot cell environment and (2) to determine
if there is an increase in the amount of contamination carried out-of-
cell due to storage in the argon cell.

Test elements in the experiment were 75 Mark 1A fuel element jac-
kets (see Figure 3). Each jacket was welded closed at the top, dupli-
cating the geometry of a typical fuel element. Also at the top of each
element, a red stripe was painted to prevent confusing a dummy element
with an irradiated Mark 1A element. A number from 1 to 75 was stamped
for identification on each bottom spade. Each element was cleaned with
acetone prior to insertion into the cell.

The experiment consisted of a duplication of the routine handling
and examination process that fuel elements undergo in the air and argon
cells. The important steps in the experiment were:

1) Insertion of the dummy elements intoathe air cell.

2) Transfer of the elements to a Mark 1A fuel element magazine,

3) Elements subjected to routine air cell examinations. Examina-

tions performed included: profilometry, visual examinations,
and gamma scan (see Appendix A).

4) Elements 1 to 25 removed from the air cell.

5) The remaining 50 elements transferred to the argon cell for

storage.

6) Elements 26 to 50 removed from cell after 2 months storage.
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7) Elements 51 to 62 run through the sodium bond tester in the

argon cell after 4 months storage.

8) Elements 51 to 75 removed from cell after bond testing.

The contaminated elements were transferred to a hood in the
Analytical Section where they were counted (see Figure 4). The alpha
detector, elements, and their carrying grid were ail placed in the same
hood. Gas and electronics lines from the detector were fed to equip-
ment outside the hood. A sheet of 1/2-inch thick lead was wrapped into
an open-ended cylinder to shield the elements and carrying grid. This
counting arrangement provided ample room for loading of the detector
chamber and also reduced the amount of element handling before a count.

The results of this experiment are summarized in Figures 5, 6, and
7. As is readily observed, the three sets of contaminated elements show
surprisingly similar distributions of plutonium activities, 'despite the
fact that elements 1 to 25 were handled only in the air cell. There
was no significant increase in the amounts of plutonium garriea out-of-
cell by elements due to storage in the argon cell. On the contrary,
elements stored were, statistically, less contaminated. The average
plutonium level for elements 1 to 25 was about 326 dpm. The average
levels for elements 26 to 50 and 51 to 75 were 204 dpm and 225 dpm,
respectively.

The average observed plutonium activity was about 250 dpm/element,
or about 2.5 x 1075 pg/cmz. The maximum observed activity was about

860 dpm/element, or about 10—4 pg/cmz. Activities within each set of

25 elements varied by about a factor of ten.
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Number of element activities in this range

Range - 75 to 857 dpm
Median - 261 dpm
Mean - 326 dpm
Standard
— deviation 198 dpm
10 - R—
8 Ir
6
4 L
2
Element Pu-239 Activity (dpm)
FIGURE 5. Distribution of Plutonium Activities for

Elements Handled Only in the Air Cell (Elements 1-25).
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Range - 96 to 441 dpm
Median - 208 dpm

Mean ~ 204 dpm
Standard 83 dpm

deviation

Number of element activities in this range

(7]

S\ 2\ 2\ \%
%\ B\ B\ o\ L\
(ZBAN > %

Element Pu-239 Activity (dpm)

FIGURE 6. Distribution of Plutonium Activities for Elements Stored
in the Argon Cell for Two Months (Elements 26-50).
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Range - 65 to 649 dpm
Median - 224 dpm

Mean ~ 225 dpm
Standard

deviation 123 dpm

10—

Number of element activities in this range
(o))

Element Pu~239 Activity (dpm)

FIGURE 7. Distribution of Plutonium Activities for Elements Stored
in the Argon Cell for Four Months (Elements 51-75).
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As more elements were counted in the alpha counter, detector back-
ground levels increased considerably. Table IV illustrates this gradual
increase in the background as elements 1 to 25 were counted.

The principal effect of the increased background was a reduction in
the counting accuracy. As an accuracy of at least 10%Z was desired for
all element counts (for a 95% confildence level), tﬁe total count time
was extended to 30 minutes and the background count time to 5 minutes,
in counting elements 23, 24, and 25. If the background had been allowed
to increase still further, the counting times would have had to increase
as well in order to achieve the desired counting statistics. Thus,
efforts were taken to reduce the detector background level. Various de-
contamination methods were tried. One method removed nearly all of the
deposited contamination and so was used many times during the experi-
ment. The detector chamber was disconnected from its base and
transferred to an area outside the hood, covered with blotter paper.
Here, the chamber was disassembled and its inner surfaces were scrubbed
with a detergent solution and acetone. Finally, all parts were rubbed

dry with clean cotton cloths and the chamber was reassembled.



TABLE IV

THE INCREASE IN THE DETECTOR BACKGROUND

LEVEL AS ELEMENTS 1 TO 25 WERE COUNTED

Background Count Taken 2-Minute Background
After Element Number : Count
1 7
4 10
6 6
10 15
12 19
15 16
19 34
23 84
25 84
28
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Conditions in the Transfer Devices and in the Primary Tank

The preceding investigations determined how much plutonium and
uranium is typically carried out-of-cell by stainless steel specimens
but not how much is carried over and left behind in EBR-II,

Many fuel elements, after having been examined in HFEF/S, are
reconstituted into experiment subassemblies and returned to EBR-II.
Subassemblies are transferred to EBR-II from HFEF/S by way of the in-
terbuilding transfer coffin (IBC) and the fuel unloading machine (FUM).
While in these devices, hot argon gas is circulated through a sub-
assembly at a flow rate of 60 standard cubic feet per minute and at a
temperature of 410°F. Once in the primary tank, the subassembly is
immersed in liquid sodium. If the subassembly is placed in the core or
blanket region of the reactor, sodium flow will be experienced whenever
the primary pumps are in operation. Thus, surface alpha contamination
may be removed by hot flowing argon gas in the transfer devices or by
molten sodium in the reactor primary tank.

Removal by Hot Flowing Argon Gas

Test elements for the study were contaminated dummy fuel elements
described in a previous section. Each element was counted for plutoni-
um before and after hot argon gas was blown across its surface.

Gas temperature and flow rate were selected to approximate the
parameters for argon circulating through the IBC and the FUM, where
argon gas is preheated to a temperature of about 410°F and circulated

at a rate of 60 standard cubic feet per minute through a subassembly.

Assuming that gas flows at an equal rate across each of the 91 fuel




30
elements in a driver fuel subassembly, then the flow rate of gas across
each element is slightly less than 40 cubic feet per hour.

The test setup is shown in Figure 8. The setup basically consis-
ted of a gas preheater coil which provided a bulk temperature increase
in the gas, a nichrome wire resistance heater which provided rapid
changes in the gas temperature, and a gas flow chaﬁber, into which
contaminated elements were inserted (equipment making up the gas heat-
ing system and gas flow chamber is listed in Table V). The gas flow
through the chamber was set at 35 cubic feet per hour (cfh) to approxi-~

mate the flow rate across elements in a subassembly. The gas

temperature, monitored by a chromel-alumel thermocouple, was adjusted
to 410°F,

The test was conducted on two sets of contaminated elements;: ten
elements from numbers 1 to 25 and five elements from numbers 26 to 50.
Of the first 10 elements, five were subjected to flow for 5 minutes,
and five for 30 minutes. All five elements of the second test set were
subjected to a 30-minute argon flow.

Tables VI and VII illustrate the experiment results. The average
ratio of alpha activities before and after argon flow were 0.86, 0.85,
respectively, for the 5~ and 30-minute flow sets in the first test. An
average ratio of 0.86 was observed for elements of the second test set.
Thus, contamination removal was not dependent on gas flow time.

There is evidence to believe that most of this reduction in alpha
activity was due more to element handling than to hot flowing argon gas.

Table VIII shows a comparison of the alpha activities of eight elements
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before and immediately after the elements were subjected to a routine ge-
Quence of handling. Each element was transferred from its carrying grid
slot to the alpha counter chamber, returned to the carrying grid, and
then reloaded into the detector chamber. The data show that this
sequence of handling removed about 25% of the surface contamination.
Handling in the gas flow experiment was the same 23 this sequence ex-
cept that elements were transferred to the experiment flow chamber
instead of to the carrying grid. Furthermore, there was much more con-
tact between the flow chamber inner walls and element surfaces than
between elements and carrying grid, Thus, it is highly probable that

the 15% reduction in the element surface contamination was due more to

handling than to flowing gas.
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TABLE V

EQUIPMENT USED IN GAS FLOW EXPERIMENT SETUP

Electric Multiple Unit Furnace. Model Number M-2024S. Heavy duty
Electric Co. 2400 watts.

Adjust-A-Volt Power Supply. Type 500B. Staco Co. 0 to 140 volts.

Aerorod Heater. Model Number BX-A09. AERO Research Institute of
American Standards. 500 watts maximum output.

Type 304 Stainless Steel Tubing, (20 mils) 3/8-inch O.D.

Type 304 Stainless Steel Tubing, (35 mils) 3/8-inch 0.D.

Stainless Steel Swagelok Fittings, 3/8-by-3/8-inch.

Chromel-Alumel Thermocouple. Size 24 A.W.G. Model Number 9B2C7.
Honeywell. External Resistance 10 ohms total.

Thermocouple Meter. Model Number 461. Aséembly Products, Inc.
External Resistance 10 ohms.

Asbestos Sheath Around Tubing.
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Removal by Hot Molten Sodium

Five contaminated fuel elements were immersed in a stainless steel
tube filled with about 100 cu® of 700°F sodium (see Figure 9). The
sodium level was adjusted to completely cover the elements. The tube
was wrapped with a Briskeat resistance-heating tape, the output of which
was controlled by a variac. Sodium temperature was monitored by a
chromel-alumel thermocouple submerged in the sodium.

The experiment was carried out in a glovebox, with a, pure argon
atmosphere. Oxygen levels inside the glovebox were held to less than
10 ppm due to sodium's reactivity with oxygen.

The basic experiment procedure was the following:

l) Elements counted for alpha activity prior to sodium wash.

2) Elements transferred from hood to the glovebox and inserted

into sodium wash tube.

3) Tube filled with sodium. Sodium temperature adjusted to

700°F.

4) Elements intérﬁittently agitated in sodium for 3 héurs.

5) Elements removed from wash tube and transferred out of glove-

box.

6) Sodium removed from element surfaces.

7) Elements counted for alpha activity.

8) Removed sodium residue analyzed for plutonium.

The sodium residue on element surfaces was removed to prevent
masking of alpha activity by the residue; Each element was immersed

singly in an ethanol (95% ethyl alcohol, 5% water) solution. The



FIGURE 9.

thermocouple

Brisheat
heating tape

Contaminated Elements Immersed in 700°F Sodium.



elements were then rinsed with water, rinsed again with ethanol, and
air dried. Finally, the ethanol and water washes were analyzed for
plutonium using the procedure outlined in Appendix B.

The experiment results are summarized in Table IX. As can be seen,
there is considerable scatter in these data. However, on the average,
about 30% of the surface contamination was not removed by the experi-
ment process. Furthermore, only about 10% of the surface activity was
removed in the ethanol-water wash, so the majority of the contamination

was removed in the sodium wash.
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CHAPTER IV

DISCUSSION

Summary of Results

The most significant results from the study were the following:

An alpha counter which was capable of monitoring plutonium on non-
irradiated fuel element surfaces was designed and tested. It is
feasible to assemble and load this detector chamber remotely. However,
it cannot monitor alpha activities on elements having radiation levels
greater than about 10 R/hr due to pulse pileup limitatioms.

Plutonium and uranium levels of 10-5 pg/cm? and less than 0.04
pg/cmz, respectively, were observed on stainless steel fallout samples
stored in-cell. There was no significant buildup of uranium and
plutonium on block surfaces with time in-cell. Levels of the order of
10.3 pg/cm2 plutonium and 1 pg/cm2 uranium were observed on blocks
handled in the cell. The maximum observed ratio of U/Pu contamination
adhering to block surfaces was about 1000:1.

> PB/Cm2 plutonium were observed on elements

About 2.5 x 10~
routinely handled and examined in the cell. The maximum level was
about 10-4 pg/cmz. There was no significant increase in the amount of
contamination carried out-of-cell due to storage in the argon cell., On
the contrary, stored elements were, statistically, less contaminated.

Less than 157 of the surface contamination was removed by argon

gas, at approximately the same temperature and flow rate of argon

41
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flowing through EBR-II fuel transfer devices. There is evidence to
believe that most of this. activity was removed by handling and not by
hot flowing argon gas. The amount of contamination removed was not
dependent on gas flow time.

On the average, about 40% of the contamination was not removed by
molten 700°F sodium.

Discussion of Results

Contamination on nonirradiated fuel element surfaces could be
accurately determined with an ionization chamber operated in the pulse
mode. However, this counter could not be used with irradiated fuel
elements because of the high background caused by beta and gamma pulse
pileup. Several investigators have indicated that large backgrounds of
beta and gamma radiation can produce pulses of sufficient size to pass
the.discriminator.(lg’;g) This would explain why the background pulse
heights increased as argon flowed into the chamber, displacing the
oxygen. Oxygen has a high affinity for electron attachment;(lé) hence,
most of the electrons freed by ionizations in the air and by photo-
emission from the detector walls would not have been collected at the
anode. Argon has a small affinity for electron attachment at low gas
pressures; so, most of the freed electrons would have been collected
after oxygen was purged from the chamber. After argon flow had been
terminated, oxygen could diffuse into the detector chamber, scavenging
the freed electrons. This would serve to gradually decrease the

background level.
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Analysis of uranium and plutonium, chemically removed from twenty
block surfaces led to only four explicit ratios of U/Pu contamination.
Three were clustered between 200 and 300:1, while one ratio was about
900:1. Explicit ratios could not be determined for the remaining 16
blocks because of the extremely low levels of uraﬁium, on their sur-
faces. Data in Tables II and III indicate that tﬁese contamination
ratios could vary from 0 to 1000:1.

There are two possible explanations for the variance of explicit
ratios: (1) an error was made in either the uranium or plutonium deter-
mination, or (2) a smaller amount of plutonium was intermixed with the
uranium contamination. It is unlikely that an error was made in either
of the chemical determinations. These methods have been routinely used
for measuring microgram quantities of uranium and plutonium for years.
The most likely cause for the high ratio would be that a smaller
amount of plutonium was intermixed with the uranium. During the périod
in which HFEF/S was a fuel processing facility, fuels of varying degrees .
of burnup were refined in the argon cell (from about 0.1 atom %z to
about 2 atom %). It would, therefore, be expected that some fuel which
was melt refined in HFEF/S had little plutonium inbred with the
uranium. It is possible that some fuel particles, which contained
little plutonium, were not collected in the refining process and were
scattered randomly by the 60 miles-per-hour winds in the argon cell.

About 907% of the observed plutonium levels on typical fuel

5

elements were clustered between 10 ° and 5.0 x 10_5 pg/cmz. Elements
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handled only in the air cell were statistically less contaminated than
elements which were handled in the air cell and stored in the argon
cell. Thus, if any additional contamination was picked up in storage,
it was very loosely adherent for it was not carried out-of-cell.

The surface contamination has two parts: a loosely adherent and a
strongly adherent part. The majority of the contéﬁination is loosely
adherent: about 507% to 90% is removed by a combination of molten
sodium, ethanol, and handling. About 407 is not removed by molten
sodium; so this contamination may not be removed by sodium in the
primary tank. However, the contaminated elements were not subjected to
flowing sodium. The 407% estimate of fixed contamination may,
therefore, be too large. Finally, it is highly probable that no con-
tamination is removed by hot argon gas, circulating through the
transfer devices.

Estimates of Tramp Uranium and Plutonium Carried Over to EBR-II

Based on the experiments, the amount of fissionable material which.
remained adherent to experiment surfaces in the reactor core was esti-
mated for a particular reactor loading configuration. The first step
in making this calculation was to estimate the total contaminated
experiment surface area in the core. The surfaces making up an experi-
mental subassembly are the subassembly can surfaces and the fuel
element surfaces. Fuel elements will become contaminated because they
are handled in-cell; but, the outer can surfaces may also become con-

taminated. The outer can surfaces are handled considerably in the
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reconstitution process. The inner can surfaces, however, are handled
very little. Thus, it was assumed that contaminated experiment
surfaces were the fuel element and the outer can surfaces.

Several different types of experiment subassemblies commute
between HFEF/S and EBR-II, and the number of each type in the reactor
varies from one reactor run to the next. Calcula;ions of fixed and
removable activity were based on the reactor loading configuration for
Run 65B. Tables X and XI list parameters for the various experiment
fuel elements that were in the reactor for this particular run. As can
be seen in Table XI, the total experiment fuel element surface area in
the core was about 32,000 cmz. The total experiment outer can surface
area in the core was about 10,000 cmz. Therefore, the total con-
taminated experiment surface area in the core was about 42,000 cmz.

The next step was to estimate how much uranium and plutonium con-
tamination was carried out-of-cell by subassemblies. From the ex-
periment results, the maximum plutonium level carried out-of-cell by
fuel elements was about 10-4 pg/cmz. The maximum ratioc of U/Pu
contamination in-cell was about 1000:1; thus, the maximum amount of
uranium carried out-of-cell was about 0.1 pg/cmz.

The final step was to estimate what fraction of the contamination
was removed in the transfer devices and in the primary tank. Based on
results of the contamination adherence experiments, it was assumed

that none of the contamination was removed in the IBC or FUM and that

about 607 of the contamination was removed in the primary sodium.
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Combining together all of the above, the maximum amount of
plutonium and uranium which remained on experiment surfaces in the core

for Run 65B were:
3

cmz)

Maximum amount of plutonium

(0.4) (10™* pg/en?) (42 x 10
remaining on experiment sur- ;

faces in the core = 1.7 pg
Maximum amount of uranium = (1000) (1.7ng)
remaining on experiment sur-

faces in the core =1.7 mg

It can be assumed that all of the plutonium was Pu-239. If it is
assumed that half of the uranium was U-235 and half was U-238, a maxi-
mum of 0.9 mg U-235 and 0.9 mg U-238 remained on surfaces in the core.
This assumption is justified because the composition of typical fuel
processed in HFEF/S was about 45% U-235, 50% U-238, and 5% fissium
(Zirconium, Molybdenum, Ruthenium, and Palladium).(lé) As the fission
rate for U-238 in the core region is only about 2 - 3% of the U-235
fission rate,(é) the above calculation implies that there was the
equivalent of About 0.9 mg tramp U-235 on experimentlsurfaces in the -
core. This is comparable to Brunson's estimate of the equivalent of
2 - 3 mg of tramp U-235 in the reactor core.(é)

It is also interesting to estimate how much uranium and plutonium
was washed off of all reconstituted experiment subassemblies which were

in the primary tank for Run 65B. From Table XI, the total experiment

fuel element surface area in the reactor for Run 65B was about

2
190,000 cm ., The total outer can surface area was about 100,000.
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Hence, the total contaminated experiment surface area in the reactor
was about 290,000. The maximum amounts of uranium and plutonium washed

off of these 21 experimental subassemblies were:

€0.6) (10™% pg/cn?) (2.90 x 10° cu’)

Maximum amount of
plutonium washed off

17 pg

Maximum amount of (1000) (17 nsg)

uranium washed off

17 mg

About 150 experiment subassemblies and about 400 driver fuel sub-
assemblies, fabricated in HFEF/S, have gone over to EBR-II. If it is
assumed that proportionate amounts of contamination were washed off of
all 550 subassemblies, then the total amount of uranium and plutonium

which was washed off were:

Total plutonium _ (550) (17 ug)
washed off | 0
= 0.5 mg
Total uranium _
washed off = (1000) (0.5 mg)
= 500 mg

The most recent analyses indicated that there were less than 2 pPpb
uranium and less than 0.004 ppb plutonium in the primary sodium.(é)
This implies that there should be less than 1.2 mg plutonium and less
than 600 mg uranium homogeneously distributed in the primary tank

sodium. Thus, the above estimates agree with what is currently

observed.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Based on the results and calculations of this study, five

principal conclusions were drawn:

1) Less than 10-'4 pg/cm2 plutonium and less than 0.1 pg/cm?
uranium are presently being carried out of HFEF/S by experi-
ments.

2) Virtually none of the contamination picked up in-cell is
removed by hot argon gas, circulating through the transfer
devices.

3) Less than 407% of the contamination typically remains on ex-
periment surfaces immersed in the primary tank sodium.

4) Less than 1.7 pg Pu-239 and less than 0.9 mg U-235 remain on
experiment surfaces in the core. Fixed Pu-239 contamination
is not the source of the background fission product gas |
activity in the reactor cover gas. However, fixed U-235 con-
tamination may be the source of the cover gas activity.

5) The alpha counter, utilized in this study, cannot be used to
monitor plutonium levels on nonirradiated elements.

The estimate of 0.9 mg U-235 contamination, remaining on
experiment surfaces in the reactor core, is comparable to Brunsom's

estimate of the equivalent of 2 - 3 mg of tramp U-235 in the core.(é)
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However, actual fixed amounts would be considerably less if: (1) typical
levels of uranium carried out-of-cell are less than 0.1 pg/cmz, and
(2) if more than 607% of the contamination is washed off by flowing
sodium in the primary tank. If this were the case, uranium contamina-
tion, remaining on experiment surfaces in the core, would not be the
principal source of the background fission producé gas activity in the
reactor cover gas.

Estimates of the total amounts of plutonium and uranium deposited
in the primary sodium agree with what is currently observed. The
amounts suspended in the primary sodium would be much less if some of
the contamination plated out on primary tank components.

Recommendations

This study has determined how much plutonium and uranium is
typically carried to EBR-II by reconstituted experiments. However, it
has not adequately determined how much of this contamination is
deposited in the EBR-II primary tank. The sodium wash experiment in-
dicated that most of the contamination on element surfaces is removed
by 700°F stagnant sodium, but it did not determine how much is
typically removed by flowing sodium in the primary tank.

To study this problem, it is recommended that an experimental
subassembly, containing nonirradiated elements, be sent to the storage
basket of EBR-II. Plutonium levels could be monitored with the alpha
counter described in this study because elements would not be |

irradiated in the storage basket. Uranium contamination levels could
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be estimated from the approximate ratio of U/Pu in-cell. The results
of this experiment would yield a more quantitative estimate of how much
contamination is removed from experimental subassemblies by sodium
flowing through the reactor.

In additional to the above, three tasks should be initiated after
the onset of destructive examinations in HFEF/N:J

1) Determine how much plutonium and uranium is typically

carried out of HFEF/N by fuel elements. This study would

determine whether contamination levels on experiments were
significantly increasing. The alpha counter, described in
this study, could again be used to monitor plutonium levels
on element surfaces. Corresponding uranium 1evels-could
again be estimated from the approximate U/Pu ratio in HFEF/N.

2) Closely follow conditions in the reactor primary tank. This

task, continued as long as EBR-II is in operation, would

show if plutonium and uranium levels in the primary tank
increase with time. This program would include: (a) analyz-
ing the primary sodium at regular intervals for plutonium and
uranium content, (b) smearing all components removed from the
primary tank and analyzing them for plutonium and uranium,
and (c) analyzing the cover gas at regular intervals for
increases in the background fission product gas activity.

3) Conduct a survey of possible decontamination methods. This

study would determine the feasibility of various decontamina-

tion methods. The ideal situation would be if contamination



levels on experiments leaving HFEF/N could be held near or
less than currently observed levels. Included in this
survey should be two very promising methods: a water-
detergent scrub, and cleaning by ultrasonics. Only
specimens handled and examined in HFEF/N éhould be used in

this study.

53



- @

10.

REFERENCES

L. J. Koch, et al., Hazard Summary Report Experimental Breeder

Reactor-II (EBR-II), (Argonne National Laboratory, Lemont,

Illinois, 1957).

Private communication with Earl Ebersole, Analytical Laboratory
Manager, EBR-II site.

G. S. Brunson, "Preliminary Results from High-Resolution Gamma
Analysis of EBR-II Cover Gas,' American Nuclear Society
Transactions, Oct. 1971.

Private communication with Glenn.Brunson, physicist, EBR-II
Project, Analysis and Physics Division.

Private communication with S. A. ‘Barker and R. Villarreal,
chemists, Analytical Section, EBR-II site.

Private communication with J. H. Cook, engineer, HFEF/S,
Experiment Coordination Section.

H. F. Henry, Fundamentals of Radiation Protection, p. 259

(Interscience, New York, 1969).

H. Kiefer and R. Maushart, Radiation Protection Measurement,

p. 275 (Pergomon Press, New York, 1972).

H. Blatz, Radiation Hygiene Handbook, p. 22 (McGraw-Hill,

New York, 1959).

R. A. Jaroszeski, et al., "Fluorometric Determination of Micro-
quanitities of Uranium in Mixtures of Uranium and Plutonium,"

Analytical Chemistry, 37, 766, 1965.

54



11.

12.

13.

14.

16.

17.

18.

19.

20'

21.

55

F. A, Centanni, et al., "Fluormetric Determination of Uranium,"

Analytical Chemistry, 28, 1651, 1956.

Private communication with R. Villarreal.

G. S. Brunson and E. Ebersole, unpubl., 1973.

J. C. Hesson, et al., "Description and Proposed Operation of the
Fuel Cycle Facility for the Second Experimentél Breeder Reactor

(EBR-II)," Argonne National Laboratory, 1963.

G. D. 0'Kelley, Detection and Measurement of Nuclear Radiation,

(National Academy of Science, Research Council, NAS-NS-3105,
Oak Ridge, Tenn., 1962).

W. J. Price, Nuclear Radiation Detectors, (McGraw-Hill, New York,

1964).

I. Kaplan, Nuclear Physics, (Addison Wesley Publ. Co., Reading,

1955).

Fuel Handling and Examinations Capability, Argonne National
Laboratory, 1971.

S. C. Curran, "The Proportional Counter as Detector and
Spectrometer," Handbuch der Physik, Berlin, pp. 174-212, 1958.
F. S. Kirn, "EBR-II as a Fast Reactor Irradiation Facility,"
Nuclear News, 13, 62, 1970.

R. M. Adams, HFEF/N Hot Fuel Examination Facility/North Final

Facility Safety Report, (Argonne National Laboratory, Argonne,

1972).



APPENDIX A

DESCRIPTION OF FACILITIES

Experimental Breeder Reactor-II(lﬁgg)

Experimental Breeder Reactor-II (EBR-II) is an important facility
for irradiations testing under the Atomic Energy'Commission's Liquid
Metal Fast Breeder Reactor Program. It is located in Southeastern
Idaho on the National Reactor Testing Station and is operated by
Argonne National Laboratory.

EBR-II is a sodium-cooled fast breeder reactor which utilizes
enriched uranium as the driving fuel. At peak power the reactor has
an output of 62.5 megawatts thermal and 20 megawatts electrical. The
reactor essentially consists of three distinct regions: an enriched
uranium fuel core, a stainless steel reflector region, and a depleted
uranium blanket region. The blanket region breeds Pu-239 as a result
of neutron capture.

The basic fuel and blanket unit is a hexagonal can, 2.3 inches
across the flats, called a subassembly. All fuel and experimental
elements are built into the same basic hexagonal can before they are
transferred to EBR-II. Driver fuel subassemblies contain a bundle of
91 fuel elements. Each fuel element consists of a uranium metal pin
13.5 inches long, which is sodium bonded inside a stainless steel
jacket of 0.174 inches 0.D. (see Figure 10). A variety of experi-
mental subassemblies are also run through the reactor. These
subassemblies house a varying number of mixed-oxide or carbide
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experiment elements or capsules. There can be as many as 91 experi-
mental and driver fuel subassemblies in the core region, while there
can be as many as 637 total subassemblies in the entire reactor.

The reactor and all primary tank components (heat exchanger,
storage basket, and pumps) are immersed in a primary tank containing
about 86,000 gallons of molten sodium.

Above the primary sodium is a layer of argon gas. This blanket is
sampled daily for fission product gases released by leaking fuel ele-
ments or capsules. The gas is also sampled by three on-line systems:
the fission gas monitor (FGM), the reactor cover gas monitor (RCGM) ,
and the germanium-lithium argon scanning system (GLASS).

The GLASS system employs a Ge(Li) detector coupled to a multi-
channel analyzer. Of the fifteen isotopes which have been detected by
GLASS, the isotopes of primary interest are Xe-133, Xe-135, Xe-135m,
Kr-85m, and Kr-87.

Experiments are transferred from EBR-II to HFEF/S by way of the
fuel unloading machine (FUM) and the interbuilding transfer coffin
(IBC). Subassemblies are removed from the primary tank by the FUM.
The FUM has a forced circulation argon cooling system to maintain the
fuel element temperatures at acceptable levels during the transfer
operations. The subassembly is then discharged into the IBC, in which
argon gas is also circulated. The IBC then moves to the washing
station where sodium is removed from the subassembly, using moist gas
followed by water rinses. Finally, the subassembly is discharged into

the air cell by way of the large transfer port. Reconstituted
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experiments follow the same route back to EBR-IIL in reverse order,

bypassing the wash stationm.

The Hot Fuel Examination Facility/South(1531§)

The Hot Fuel Examination Facility/South (HFEF/S) consists of two
cells - an argon cell and an air cell, surrounded by an operating area
and auxiliary laboratories (see Figure 11). Their purpose is to pro-
vide a radiation shielded area where subassemblies can be disassembled
or rebuilt, and where experiments can be inspected and tested by
remote methods.

The argon cell is constructed in the shape of a 16 regular-sided
polygon with the alr cell extending out from the west side. The walls
of both the air and argon cells are made of 5-foot thick, high demsity
concrete.

The atmosphere in the argon cell is highly purified argon gas.
This noble gas is used to prevent excessive reactions of the cell
atmosphere with exposed fuel or sodium. The atmosphere in the air
cell is filtered air.

There are two major transfer ports out of the air cell to its
surroundings. The small air cell sample port is a 12-inch diameter,
horizontal pipe through the 5-foot thick north wall of the air cell.
Objects having a radiation reading less than 100 mR/hr at or near
their surface are permitted to be transferred out through this port.
The large transfer port is located in the northwest corner of the air
cell. This port consists of three plugs with 6-inch, 2-foot, and

6-foot diameters, respectively.
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There are three transfer locks between the air and argon cells.
Two small locks extend through the wall separating the cells and a
large lock extends through the floor of the argon cell into a transfer
cell or runway at the level of the service floor. The runway extends
from below the argon cell to below a port in the air cell floor.

A variety of examinations are performed on irradiated elements or
capsules in the air and argon cells. Some of the most common examina-
tions performed are profilometry, visual inspection, precision gamma
scanning, sodium bonding and bond testing.

A remote contact profilometer is used to measure the diameter of
irradiated fuel elements or capsules. The profilometer provides a
continuous diameter trace along the length of the capsule. Diameters
are measured by two small probes making contact with the element sur-
face. The calibrated signals from the probes are then fed to a strip
chart recorder out-of-cell.

In the visual examination, elements or capsules are placed in a
V-trough and examined through a periscope at close range for unusual
surface features.

The precision gamma scanner is used to nondestructively obtain
the gamma ray spectra of irradiated fuel elements and capsules as a
function of positiom. The relative abundance of individual isotopes
that make up the gamma-ray spectra are determined and the distribution
of these isotopes axially and diametrically plotted as a function of

position. Gamma activity is detected by a lead-shielded Ge(Li)
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detector. Elements are placed behind a variable width collimator,
Elements are positioned and collimator width varied, depending on the
information desired.

The sodium bonder removes gas pockets from the layer of sodium
between the irradiated fuel pin and the jacket. Inside the bonder,
elements are heated to 450°C and then vertically:impacted. Elements
are then placed in the bond tester which is an eddy current instru-
ment, used to detect voids in the sodium bond.

The Hot Fuel Examination Facility/North(gl)

The Hot Fuel Examination Facility/North (HFEF/N) consists of two
rectangular cells, the main cell and the decon cell, surrounded by an
opefating area and auxiliary laboratories (see Figure lé). The-walls
-in both cells at the operating level are ﬁade of 4-foot thigk, high
density concrete. | | ' -

The heart of HFEF/N is the main cell. Most experimental testing
and examinations will be carried out in the pure argon atmosphere of

this facility, Both nondestructive and destructive examinations will

 be remotely performed on mixed-oxide fuel elements, capsules and

experiments. Many_of the nondestructive examinations will be similar
to examinations, presently performed in HFEF/S, such as profilometry,
gamma-scanning and visual examinations. However, unlike HFEF/S,
manylplutoniumJbearing fuel elements and capsules will be destruc-—

tively examined and tested in the main cell., Elements and capsules

will be cut, ground, polished, and etched. Large and small safety
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test loops, containing ruptured fuel elements, will be dismantled and
prepared for examination in the main cell. 1In all, the total amounts
of contained and uncontained plutonium to be handled in the main cell
will greatly exceed amounts handled in HFEF/S.

The main purpose of the decon cell will be té prevent the
release of particulate contamination outside the hot cell environ-
ment. The decon cell is divided into two principal areas: the clean
area and the decontamination area. The atmosphere in both cells will
be filtered air. The decontamination area will be used primarily to
prepare contaminated materials for entry into fhe élean area.
Equipment being removed to repair areas for contact maintenance, will
also be partially decontaminated in this cell. Some decontamination
methods which may be used include dry vacuuming, air-jetting, washing
with low and high pressure water sprays, and ultrasonic cleaning. The
clean area will be used for packaging of experiments or waste
materials for shipment off-site or to disposal facilities. This area
will be kept, essentially, clean of radioactive contaminants.

There are two transfer locks between the main cell and the
decontamination cell. The transfer tunnel and transfer lock will be
used for moving large components between the main and decon cells. A
small equipment transfer lock will be used to transfer small items
between the two cells.

Experiments, reconstituted in HFEF/N, will be transferred to

EBR-IT in the following manner., Experiment subassemblies, housed
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inside an IBC, will exit the main cell through the cask lock and

into the cask tunnel. The IBC will then travel down this tunnel and
exit HFEF/N through the truck lock. A truck will transport the IBC
over to the interbuilding passagewéy in HFEF/S. From here, the

transfer will follow a direct route between HFEF/S and EBR-II.
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APPENDIX B

PROCEDURE FOR CHEMICALLY DETERMINING AMOUNTS OF

PLUTONIUM AND URANIUM ON STAINLESS STEEL

BLOCK SURFACES £2)

This procedure outlines the steps in determining chemically

quantities of uranium and plutonium on the stainless steel block

surfaces.

It is not an explicit procedure for making these deter-

minations. It does, however, show the basic steps in the analytical

processes. The lower detection limit for the plutonium method was

1 dpm/sample counted; the lower detection limit for the uranium

2)

method was 0.01 pg/ml solution analyzed. ™

I.

Plutonium Separation and Counting Procedure

Place block in 100-ml beaker.

Add 16 N HNO, concentrated.

Heat to near boiling.

Remove beaker from heat. Add 0.1 ml HF.

Heat block in the above solution between 60 and 80°C for

5 to 10 minutes.

Remove block, rinsing with H20. Reheat remaining HNO3 - HF
solution evaporating all but about 5 ml.

Of this 5 ml solution, remove an aliquot for plutonium
analysis; remaining amount is to be amalyzed for uranium.

Pour aliquot solution into separatory funnel.
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II.

Add ascorbic acid,

Add ammonium tartrate solution.

Add thio - glycollic acid (mercaptoacetic acid).

Make solution basic by adding ammonium carbonate.

Add potassium cyanide.

Add N-benzoyl-N-phenylhydroxylamine (BPﬁA) to solutiomn.
Add benzene to the separatory funnel. Mix up the aqueous
solution with the benzene solution.

Add 0,.5N nitric acid to benzene solution.

Drain off the Pu-nitric acid solution into a stainless
steel planchet.

Evaporate the liquid. Alpha count the residue with a

gas flow proportional counter.

Uranium Separation and Gross Uranium Counting

A.

Place nitric acid solution set aside for the uranium
analysis into centrifuge cone.

Add aluminum nitrate nonahydrate (A1(NO3)3 * 9 Hy0) to
above solution.

Add hexone. Mix solutions together.

Centrifuge.

Transfer off hexone (upper) layer after centrifuging,
with a transfer pipette, to a platinum dish.

Evaporate solution to dryness.

67

Fuse residue with sodium fluoride - lithium fluoride salt.
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Measure amount of fused residue fluorescence with
fluorometer to obtain gross uranium fluorescence.
Convert to amount of uranium from fluorescence calibration

curve for known amounts of uranium.
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APPENDIX C

AN ALPHA COUNTER TO DETECT PLUTONIUM CONTAMINATION*

Theory of Operation

The alpha detector used in this study is a'gas—flow ionization
counter. The block diagram of the detection system is illustrated in
Figure 13.

An alpha particle passing through the chamber leaves a track of
dense ionization, consisting of electrons and positive ions. The
electrons will migrate towards the anode, and the positive ions will
migrate towards the grounded detector walls. As the ions move in the
electric field of the electrodes, chafgés are induced on the elec-
trodes. An alpha particle passing through argon gas loses about 26 eV
per ion pair produced.(lé) Assuming that all of the alpha particle's
energy is lost in ionizing the gas, about 2.0 x 105 ion pairs will be
produced by a 5.1 MeV plutonium alpha particle. If the charge sensi-
tivity of the preamplifier is 0.16 uV per ion pair** and if the
amplifier gain is about 1000, the output pulse, produced by a
plutonium alpha particle should be about 3 volts. This pulse could
then be viewed with an oscilloscope or could be fed into a voltage
discriminator and counter with a scaler.

Beta particles have a much lower specific ionization potential

than do alphas. As Figure 14 illustrates, in the ionization

*designed by Glenn Brunson, EBR-II Project, Analysis and Physies Div.
**for a Tennelec FET preamplifier, TC 133.
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region the relative number iom pairs collected for a beta particle
are about a factor of 10 lower than that for alpha particles,(li) S0
the corresponding pulse heights produced by beta particles should also
be a factor of 10 smaller. Pulses produced by gamma radiation are
generally less troublesome because an intervening event (photo-
electric effect, Compton effect) is required to produce an ionizing
particle. This suggests that alpha particles can be counted in the
presence of large fluxes of beta and gamma radiation. A pulse height
discriminator can be set to reject low amplitude pulses and a scaler
used to tally the alpha particle pulses. However, background levels of
beta and gamma radiation can become so high that the super-position of
their pulses results in signals of sufficient size and frequency to
interfere with the counting of the alpha particles.(lé)

The operating point for an ionization pulse counter is dependent
on the amplifier, discriminator, and high voltage settings. The am-
plifier settings determine both the output pulse size and shape, The
high voltage settings also determine the output pulse size, The
discriminator settings, on the other hand, determine which pulses will
be counted. Thus, the steps in evaluating the operating point for the
ionization counter are: (1) determining the optimum amplifier settings,
(2) determining the optimum discriminator settings, and (3) deter-
mining the optimum high voltage setting.

The optimum amplifier settings are dependent on the voltage of the

output pulses leaving the detector chamber. With the high voltage
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fixed at 1000 volts, an oscilloscope is used to observe the alpha pulse
heights., The amplifier gain is then varied until the desired pulse
heights are obtained.

To determine the optimum discriminator settings the high voltage
is again fixed, and the count rates are recorded for different dis-
criminator settings. For too low a discriminator setting pulses
produced by alpha particles and those produced by other sources will be
counted (such as beta particles and electrical noise). For too high a
setting, none of the alpha pulses will be counted. As Figure 15 illus-
trates, a range of discriminator settings is obtained, over which there
is little variation in the observed count rate. In this region, most
of the alpha pulses are counted while few of the extranecus pulses are
counted. The ideal discriminator setting is on this plateau, near the
high discriminator voltage end. This setting will provide maximuﬁ
discrimination of noise and extraneous pulses.

The final task is to determine the optimum high voltage setting.
With the discriminator setting fixed, the high voltage is varied and
the corresponding count rates are recorded. At low voltages, many of
the ionized particles that are produced do not reach the electrodes but .
recombine in the gas. As the voltage is increased, a sufficient number
of electrons freed by the most energetic alpha particles reach the
anode, éroducing pulses which pass the discriminator (recombination
region). As the high voltage is further increased, a point is reached

where all of the alpha particles produce pulses of sufficient height to
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pass the discriminator. In this region (the ionization region) there
is no appreciable increase in the count rate as the high voltage is
increased (see Figure 15). As the high voltage is increased beyond
this region, the ions produced (primarily the electrons), gain enough
energy as they move towards the positive electrode to ionize addi-
tional gas atoms in the interelectrode space. IEventually a point is
reached where pulses produced by beta particles and other sources are
of sufficient height to pass the discriminator. The count rate, there-
fore, once again begins to climb. The optimum high voltage setting for
the chamber is in the middle of the ionization region. If this voltage
is markedly different from the voltage originally used to obtain the
discriminator setting, another discriminator vs. count rate plot is run
for this voltage, and the whole procedure for evaluating the optimum
discriminator and high voltage settings is repeated.

Construction of the Alpha Counters

Two alpha counters were built; one for testing in the hot cell
environment and one for testing out-of-cell. The major parts of each
counting system were the detector chamber, the detector electronics,
and the detector gas system.

The detector chamber shown in Figure 16 consisted of three major
parts: a cylindrical cathode, a detector cap and electrical connec-

tions, and a detector base plate.

The detector cathodes were constructed of aluminum tubing.

Aluminum was selected over other materials on the basis of cost,
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availability, fabrication, and the photoelectric, Compton, and pair
production effects. Photoelectric, Compton, and pair production
effects were particularly important to the operation of the in-cell
alpha counter. For gamma energies between 0 and 3 MeV, the photo-
electric effect is proportional to ZS, where % is the material atomic
number. For this range of gamma energies, the Compton effect is pro-
portional to # but its probability of occurrence decreases much more
slowly with increasing gamma energy than does the photoelectric
effect. In the range of 0.6 to 2.5 MeV it is more important than the
photoelectric effect.QLZ) The probability of pair production in this
energy range is less important than either of the other two effects.
To minimize the probability of these processes occurring, a low 2
material was selected (aluminum). The tubing for the out-of-cell
detector was 18-1/2-inches high by 2-inches diameter. The in-cell
detector tubing was 18-1/2 inches by 1-1/4 inches. The smaller dia-
meter tubing was selected to further reduce the probability of photo-
electric, Compton, and pair production effects. The inner wall of
each tube was polished to remove all sharp points which might serve to
initiate a high voltage discharge.

The detector cap was made of polyethylene which insulated a series
of electrical contacts. To form the detector anode, the cap was re-
moved and a fuel element was inserted into the cap guide hole, making
contact with a brass spider contact. The cap and element were then

inserted into the detector tube, completing the electrical circuit.
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The anode was insulated from ground by a polyethylene centering cone.
Each detector was fastened to a plexiglass base plate,

The basic electronics of both the in-cell and out-of-cell detec-
tion systems are listed in Table XII. These components were arranged as
shown in Figure 13. Electrical cables in the detection system were
originally all RG58A/U shielded cables (capacitance of 30 pf per foot).
This cable was later changed to RG71/U shielded cable (capacitance of
13 pf per foot) to reduce the background counting rate.

The argon gas system consisted of a bottle of pure argon gas, a
gas flow regulator with flow meter, and the gas transfer tubing. Out-
of-cell, a 10-foot section of 1/4-inch diameter surgical rubber tubing
transferred argon to the 1/4-inch diameter inlet tube of the detector,
In-cell, a 1/8-inch stainless steel line provided the gas feed to the
detector. The line was attached to a quick disconnect adapter on the
gas inlet tube. The flow meter.providéd variable gas'flow settings
between 0 and 40 cubic feet per hour.

Out-of-Cell Testing and Results

Both detectors went through a similar series of out—-of-cell tests.
Tests included were: (1) the determination of operating point para-
meters, (2) the determination of counter efficiencies and background
counting rates, and (3) special tests.

The detector operating point parameters were determined as was

previously outlined. (See Theory of Operation section.) Pulse heights

in the range of 3 to 10 volts were observed for an amplifier gain of



TABLE XII

BASIC ELECTRONICS OF THE ALPHA COUNTER

Tennelec, Model TC 940, D.C. High Voltage Power Supply
ORTEC, Model 401A, Instrument Bin and Power Supply
Tennelec, Model TC 550, Scaler

ORTEC, Model 406A, Single Channel Analyzer

Tennelec, Model TC 203BLR, Linear Amplifier

Tennelec, Model TC 133, FET Preamplifier

Cramer Controls Corporation, Type 117, Timer
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1000, TFigure 17 illustrates the respective discriminator vs. count
rate and high voltage vs. count rate plots that were obtained for each
detector. A discriminator setting of 2.0 volts was selected for the
2-inch detector, while a discriminator setting of 1.5 volts was selec~-
ted for the 1-1/4-inch detector. Operating point voltages of 300 and
100 volts were chosen for the 2-inch and 1-1/4-inch detectors respec-
tively. Ideally, as Figure 18 illustrates, high voltages closer to
500 volts should have been selected. However, sporadic discharging
was observed for voltages greater than 800 volts. The lower voltages
were selected because of this arcing problem, and because the count
rate plateaus showed negligible slopes. A 50,000-dpm U-233 source was
used to determine the operating point parameters. The U-233 activity
(alpha energies about 4.8 MeV) was deposited onto the surface of a fuel
element, and fixed to the element surface by a very light coating of
lacquer.

The detector efficiencies were determined for two alpha standards:
a 50,000-dpm U-233 tagged element and a 2000-dpm element. Knowing the
alpha activity of each standard, the detector efficiency was determined
from the equation:

observed standard alpha activity
actual standard alpha activity

Efficiency =

For the 2-inch detector, efficiencies of 0.45 and 0,49 were ob-
served for the 50,000 and 2000 dpm standards, respectively. Identical

efficiencies were observed for the 1-1/4-inch detector. The detector
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efficiencies were taken to be 0.49 as there was some question that a
little too much lacquer had been sprayed onto the 50,000-dpm standard.

Five 5-minute background counts were recorded for each detector.
The average background count rate for the 2-inch detector was 3 cpm,
while a rate of 6 cpm was recorded for the 1-1/4-inch detector.

Two special tests were also performed. 1In er test, the count
rates for two 2000-dpm alpha standards were compared, one standard
with a spacer wire and one without. In another test, a tiny copper
wire, coated with Co—-60 (about 100 mR/hr) was fastened to the surface
of a 2000-dpm standard, and its effect on the standard's count rate
was noted. Neither the spacer wire nor the added beta-gamma activity

had any effect on the observed standard count rates.
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In 1966, he entered the University of Washington, in Seattle,
and graduated with a B.S. in physics in June of 1970. After teaching
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