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R. A. Lorenz
. J. L., Collins
S. R.. Manning

A. P, Malinauskas, Program Manager

SUMMARY

The series of Control Tests has been completed. These tests.
were conducted‘to evaluate the suitability of the apparatus design,
to -test the various fission product characterization. devices

~and methods, and to establish the behavior of known chemical
species which are expected to be encountered in the later phases

. of the program. Those tests which utilized either CsI or Cs20 were
found to yield deposits of hydrated CsOH in the moist environment.

, .With the completion of the Control Test Series, attention has
been turned to the development of an acceptable method of implanting
selected fission product forms into. the fuel-cladding gap, and to
studies of the release of such implanted species from subsequently
ruptured capsules. The method of implantation which hag been ‘
employed in the tests conducted thus far involves application of
CsI and CsOH.on U0y pellet surfaces from aqueous solution, and
implantation of TeOy on the fuel pellet ends from an aqueous
slurry.. The tests conducted to date indicate some decomposition of
Csl to yield elemental iodine, stabilization of the CsOH, probably
through reaction with UO;, migration of the tellurium to the
cladding, and transport of the CsI down temperature gradients
within the fuel capsules.,

Twa rods of a rod hundle of H. B, Robinson 2 Reactor fuel
were sent to the Battelle Columbus Lahoratories for gaseoua species
analysia and fur fabrication into test capsules for this program.
These capsules have heen received and are currently in storage
at ORNL, :

Although problems had been encountered in attempts to
‘calibrate a Knudsen cell-mass spectrometer apparatus for use in
limited studies of Cs vapor pressure over U0y, these difficulties
appear. to- have been. resolved.

1. INTRODUCTION

The primary objectives of the program are to determine the quantities
of radiologically significant figsion products which can be released under-

postulated spent fuel transportation accident (SFTA) and successfully



terminated loss of coolant accident, (LOCA) conditions, and to identify
these species with respect to both chemical and physical form. Toward
these ends, an apparatus has been designed and constructed and is
currently being utilized in a program of research which consists of a
progression of experiments which ultimately involve the use of high-
burnup, light water reactor (LWK) fuel rod segments.

'The first series of experiments in this progression was designed to
demonstrate the adequacy of the experimental apparatus and to test the
suitability of the fission product characterization devices and techniques.l
These taests included experiments with IZ’ CH I, Csl, and Cs70 The
results of most of these so-called contral experlments have beéen repurted

previously,l’2

and the concluding test is described in this report.
During thé conduct of the Control Test Series, a parallel effort
was underway to develop a technique to implant likely fission product
species in the fuel—qlad gap in a manner whiéh would éihqléﬁe the
distribution in irradlated fuel.reasonably well, . The pfécedﬁre éelected
involves'tﬁg_applicationiof water-soluble candidate fission product
forms (e;g., CsI,. CsOH) to the vo, fuel pellet surfaces from an
aqueous solution. For water-lnsoluble spec1es (e.g., TeOz),on the other
hand, the material is deposited in tho diehed ends of the pellets from
an aqueous slurry. '
The Iﬁplant.Test Series was initiated shortly after the completion
of the Control Test Series.. These tests, which are directed toward a
determination of the effects of clad failure size on fractional release,
ofmatmogphere (particulgrly H20 and H2) on chemical behaviox, and of
simulant migration in the fuel rod, are being conducted with the apparatus
shown in Fig. 1; this design differs only sliglhitly from that described
previously.3
As is indicated in Fig.-l, the fuel. rod is induction—heateq inside.
theAfurnace tube, and the rod fuptured by applying argon pressure.
The first component of the collection-characterization system is a
gold foil-lined thermal gradient tdbe; species with dewpoints above
125°C are deposited in this region, Beyond the thermal gradient tube is
positioned a cascade.impactor; this device separates particulates into

five particle.size fractions on Teflon membranes which can be removed

to allow direct examination of the deposited material., High-efficiency
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filters complete the collection of particulates. Reactive iodine

forms, such as 12 and HI, are collected on fine-mesh silver screens,
whereas less reactive forms, notably CHBI, are collected on charcoal
adsorbers and silver-—exchanged zeolite beds. The apparatus is also
equipped with cold traps which may be used to céllect fission product
noble gases, Lastly, hydrogep which is produced from the steam-
Zircaloy reaction is monitored using either a thermal conductivity meter

or, for larger amounts, a wet-test meter,

2., CONTROL TESTS

2.1 Cesium Oxide Behavior (Control Tests 7, 8, and 9)

Control Tests 7, 8, and 9, which were performed to study Cs,U

behavior in an 80% steam-207% argon atmosphere at 700, 800, and 9§0°C,
have been described previously.2 However, at that time identification
of the X-ray diffraction patterns of deposits taken from the various
apparatus components was not possible, owing to the lack of reference
standards. We have since prepared the necessary reference materials and
20 and higher

2O. (The latter species are readily formed upon

on this basis were able to identify the monohydrate CsOH°H
hydrates CsOHe+xH
exposure of the monohydrate to normal air.)

In Cuntrel Tect 8, these hydrates were identified iu depositc in
the quartz furnace tube and on the second impactor stage. In Control
Test 9, these species were identified in deposits within the thermal
gradient tube, The apparently unstructured cesium deposition profile
which was obtained in the thermal gradient tube Lrom Uontrol Test 9
is presented in Fig. 2,

Deposits taken from the furnace tubes at the conclusion of Control
Tests 7 and 9 yielded distinctive X-ray diffraction patterns of
considerable complexity that could not be identified. However, we

. . . 4
believe these deposits to be primarily mixtures of cesium silicates.

2.2 Cesium Iodide Behavior (Control Test 10)

Control Test 10 was conducted with a Cs-134, I-130 traced CsI

sample which was placed in a quartz boat and positioned in the center



ORNL OWG 76-138Ri

1.0 —
[ O— CONTROL TEST NO. 9
— © — CONTROL TEST NO. 10
— Cs
- ---1

o~

E

< 0!

o

E

w

©

=)

-

'_

2

w

o

a

@

I

I 1073

s

4

w

T

-

z

z

o

P

@

-

z

6 a-3

S 10

S

o

104 | | | L
900 800 700 600 500 400 300 200

TEMPERATURE (°C)

Fig. 2. Cesium-134 and iodine-130 nuclide concentration profiles
in the thermal gradient tube after Control Tests 9 and 10,



of the furnace tube. The sample was rapidly brought to 700°C under
reduced argon flow, then the argon flow was increased and steam
injection initiated., The actual operating conditions are summarized
in Table 1. ‘

The distributions of both the cesium and the iodine nuclides are
presented in Table 2. While most of the cesium remained in the furnace
or was deposited in the thermal gradient tube, approximately one-third
of the iodine (probably as elemental iodine) was carried into the
impactor and deposited eiLlier on the aluminum surfaces of the impactor
housing or vu the oilver screens. The cesium associated with the quartz
boat was probably present as silicates, X-ray diffraction patterns whlch
were obtained from material deposited on the third and f£ifth stage
collectors in the impactor indicated that about 75% of the material was
CsOH and the remainder CsI, On the basis of these observations, we
conclude that approximately one-third of the Csl was decomposed to
form I,, cesium silicates, and CsOH,

The radioactive iodine deposited in the furnace tube was located at
the cooler (about 200°C) inlet end. We believe that the iodine which
deposited at the cool inlet end occurred as Csl during the first few
minutes by convective gas flow within the furnace tube before the steam
fluw started.

As is readily apparent from the data presented graphically in
Fig., 2, both the cesium and the iodine nuclide concentration profiles
in the thermal gradient tube show structure which strongly suggests
depoeition aa Cal.

Iodine-130 activities in the thermal gradient tube and ou the
first silver screen are presented as functions 6f tiwe in Fig. 3,
Almost two-thirds of the iodine which was collected by the silver
screen was deposited virtually instantaneously with steam injection,
and the remainder accumulated at a rate of about 0.77% per minute,

In contrast to the behavior observed on the silver screen, collection
of the CsI in the thermal gradient tube proceeded much more slowly; as
seen from the data displayed in Fig. 3, about 757 of the CsI was
deposited over a l5-minute interval, and collection appears to have

been complete at the termination of the test.



Impactor pressure (torr)

Table 1. Summary of experimental operating conditions
Experiment number
Control 10 Implant 1 Implant 2 Implant 3
Mass Cs (mg) 2.16 2.50 0.034 7.23
Mass I (mg) 2.06 2.39 0.033 0.70
Mass Te (mg) 0.0 0.0 0.0 1.68 + 0.47
Vacuum drying None a a a
Pretreatment None b b b
Avg. rate of heatup (°C/sec) 0.45 0.65 11. 1.1
Time at temperature before
frupture (min-°C) - (12-700) (17.5-700) (2.5-900)
Pressure at rupture (psig) - 330 330 250
Size of rupture (mm) - 0.046x9,0 0,06x3.6 0.23x3.5
Wall thinning - c- c None
Temperature after rupture (°T) 700 700 700 900
Time at temperature (hr) 1.0 1.0 1.5 2.0
Steam flow rate (cm3/min, d
STP) s 277 348 305 311
Argon flow rate, d
(cm3/min, STP) 52 60 56 56
Furnace tube pressure (torr) 750 755 735 745
186 186 186 191

a
b

30 min at 200°C, vacuum pump.
16 hr at 400°C, 1 atm argon.

gFlat spot 5.1 cm (2.0 in.) long; thinnest points 0.023 cm (0.009 in.).
Steam and argon ‘inflow rates; only 41% of the expected condensate
volume was collected, indicating a leak in the system, probably at the

furnace tube cap.



Table 2. Distributions of cesium and iodine in cesium iodide experimerts
Percent of total found in each Zocation
Temperature Contrcl 1C Implant 1 Implant 2
Location (°C) Cs I Cs i Cs b1
Quartz boat 700 23,3 1,6 - - - -
UO; pellets 700 v} 0 68.3 48,6 51.6 36.7
Zircaloy cladding 700 ] 0 19.0 31.8 41.1 46,8
Quartz furnace tube 700 40,1 2.8 11.5 17.1 7.2 1.1
Thermal gradient tube 700-15Q 34.0 30.9 0.9 1.1 0.11 1.4
Orifice assembly 125 1.02 1.82 0.02 0.13 0.005 1.2
Impactor housing 125 0.782 £0.0? 0.1 1.0 0.03 6.4
First stage paper 0.04 0.09 0.01 0.03 0.002 0.05
Second stage paper 0.04 0.12 0.01 0.01 0.002 0.003
Third stage paper 0.13 0.47 0.01 0.01 0,002 0.01
Fourth stage paper 0.13 0.18 0.01 0.005 0.001 0.01
Fifth stage paper 0.40 0.26 0.03 0.03 < 0.001 0.002
Filter housing 125 0.02% 1.18 0,003 0.02 0.001 0.81
First filter paper 0.41 0.13 0.05 0.02 <0,001 0.09
Second filter paper 0,002 0.17 <0.001 0,001 0.0 0.09
Third filter paper 0.001 0.04 - - 0.0 0.03
Silver screen No, 1 0.00% 17.9 0.0 0.13 <0,001 3.8
Silver screen No. 2 <0,00% 0.37 <0.001 0.01 <0‘00]'b 0.24b
Silver screen No, 3-No, 12 <0.002 0.41 <0.001 0.03 <0.001 0.61
Adsorber housing 125 0.0 0.0 0.0 0.0 0.001 0.01
Charcoal Ne. 1 0.¢C 0.37 <0.001 0.02 <0.001 0.83
Charcoal No. 2 0.0 0.004 0.0 <0.0C1 0.0 0.001
Other adsorbers 0.0 0.0 0.0 0.0 <0,001 0.01
Condenser housing 0 0.0 0.0 0.06 0.01 0.003 0.03
Condensate 0.0 0.0 0.0 <0.001 0.0 0.0
Freeze trap -78 0.0 0.0 0.0 0.0 <0.001 0.0
Cold charcoal trap ~78 0.0 0.0 0.0 <0.0a1 0.0 0.0

3175°¢.
No. 3 through No. 8.
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Although the significant'decomposition of CsI which was noted in
this test runs counter to the generally regarded5 staBility of CsI,
we hasten to point out that the high release of iodine is unquestion-
ably due to reaction of the molten Csl with the quartz boat, and - the

consequent formation of cesium silicates.

3. IMPLANT TESTS

3.1 Development of an Implantation Technique

Becausa of the costs and cxperimental difficulties associated
with the use of fully irradlated fuel in studies of fission product
behavior, most researchers seek to develop fuel preparation methods and
experimental techniqués which simulate as closely as possible typical
conditions, Although the extent to which the simulant accurately
corresponds to the actual situation is open to exaﬁination, a recent
revie.w6 of the use of simulants vis—a—vis'irrédiated fuel has concluded
that, if essential differences in fission product behavior are indeed
present, these are insignificant when viewed in terms of the sensitivity
to experimental conditions, It must be kept in mind, however, that
this conclusion applies strictly to conditions of meltdown, wherein
the high temperatures involved tend to minimize the importance of
kinetics in determining chemical form.

Similarly forx reasoﬁs of experimental convenience and economy,
we have sought to develop a method to simulate fission product behavior
in the fuel-clad gap of irradiated fuel, 'Lhe objective was to distribute
the fission product simdlants on the sprfaces of the U0, pellets, sinée
additional release from the pellet mat¥ix is incensequential under the
present set of test conditions. o

A typical Implant Test fuel rud ia aketched in Fig. 4; the method
of implanting the fission products.is outlined in the figure as well.
Note that three pellets at ecach end of the test fuel rod were not
treated so that axial migration within the fuel rod could‘be examined.

Only Csl was employed in Implant Tests 1 and 2, whereas the
remaining tests performed to‘&ate utilized cesium as boﬁh Csl and CsOH.
Cesium iodide which contained approximately 10% I-129 was first irradiated
to provide the Cs-134 and I-130 radiotracers, The crystalline CsI
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was then dissolved in a few drops of water and (for tests using CsOH
also) mixed with dissolved CsOH under an argon atmosphere to minimize
exposure to C02. After placing the UO2 pellets on a large petri dish and
heating them with a hot plate (the pellets will not become wetted if
cool), the pellets were coated with the simulant aqueous solution. In

those experiments in which water-insoluble TeO, was employed, the Te-123m

traced powder was divided into twenty-four aliiuots which were applied
It the concave ends of the pellets while the UO2 was cool, Adhesion of
the Te.O2 to the fuel was accomplished by adding a drup of water la the
TeO2 within Llie concave fare of Lhe pellet and healiung the rasulrant
slurry to dryness on a hot plate.

The pellets were then assembled in the Zircaloy rod and, after
being subjected to a 200°C heat treatment under vacuum conditions,
the rod was filled with argon. The assembly was then maintained at 400°C
for 16 hours to permit attainment of chemical equilibrium within the
assembly prior to actual experimentation., The amounts of fission product
simulants used generally correspond to 5% release to the gap space within

a gpent fuel rod segment of the size employed in the test.

3.2 Cesium Iodide Behavior at High Concentration at 700°C
(Implant Test 1)

Operating conditions for the first implant experiment are summarized
in Table 1. In this test only CsI was employed; the observed distributions
of the two nuclides monitored are presentcd in Tahle 2, These data
indicate that, contrary to the results of Control Test 1Q, only about
1.4% of the original iodine was converted to elemental form. Most of the
cesluw which entered the collection system was collected in the thermal
gradient Lube as CsIl., This is not surprising, since the vapor pressure
of CsI is 0.9 torr at 700°C; some of the CsI would thus be expelled
with the pressurized argon release during rod rupture, The slit-like
rupture opening could then allow additional CsI release by ordinary
gas—phase diffusion., The rate of appearance of iodine-130 in the
collection system, as is shown in Fig. 5, tends to substantiate this
view, and calculations of CsI release by gas—phase diffusion are in

nominal agreement with experiment,
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The distributions of the iodine-130 nuclide'within the fuel rod;
as determined before and after the experiment, are presented
graphically in Fig. 6. Release of material in the immediate vicinity
of the rupture area is unmistakable, Less well-defined is migration
of the fission product simulant toward the cooler ends of the rod. The
distributions presented in Fig. 6 probably represent CsI; this is
substantiated by a comparison of the iodine-130 and cesium-134 scans
which were made at the conclusion of the experiment. These data are
shown graphically in Fig. 7. '

A sample of material which was obtained froum the collector of the
fifth impactor stage (which collects the smallest aerosol particles)
was submitted for X-ray diffraction analysis, Although the data of
Table 2 suggest this material to be Csl,-an examination of the
diffraction pattern indicated that greater than 80% of the deposit was
CSOH'HZO. The iodine apparently was not present in a form which could
be detected by the X-ray diffraction technique. '

3.3 Cesium Iodide Behavior at Low Concentration at 700°C
(Tmplant Test 2)

implant Test 2 was ideiitical to tho preceding test, except that a
70-fold lesser concentration of Csl was cmployed, and the test was run
30 min longer (¢f. Table 1). The detailed distributions of the two
nuélides monitored are presented in Table 2,

~ In thia test 7,3% of the cesium and 16,5%Z of the iodine were
released from the fuel rod, and ahout 14% of the original iodine was
collected in elemental form. The cesium which deposited on the
furnace tube walls was largely confined to an area near the tubg rupture
location, as might be expected.if rapid condensation of the escaping '
species had occurred. ‘

Deposition of the iodine in the impactof assembly and on the first
gilver screen during the course of the experiment is shown in Fig. 8.
The data indicate some delay in the appearance of iodine on the silver
screen; this may be due to holdup of the iodine on the aluminum
impactor housing. Note aisoAthe apparént-éeséation of iodine release

approximately 60 minutes following tube rupture,
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Cesium nuclide distributions in the fuel rod prior to and after
experimentation-are presented-in Fig, 9. AsAin the previous test, these
data indicate loss of material near the rupture point (5.6 inches along
the fuel rod) and some migration to the ends of the fuel rod.

Particulate material from two impactor stage collectors was
submitted for X-ray diffraction analysis. One of the samples from
Stage 1 (which contained the highest amount of radioactivity) was
found to be principally CsOH’HZO; the second sample, from Stage 4
(which contained the darkest visible deposit),was found to consist of
a;moﬁt gqual amountg of CSOH'HQO and CsDH‘xH20 (x > 15. Sincg_the samples
are exposed to air prior to X-ray analysis, the significance of the
degree of hydration of the Ca0OH does not warrant further analysis at
this time. Moreover, as remarked previously regarding similar results
ffom implant Test 1, the iodine on the collector stages was not in a
form that could be detected by our diffraction teéhnidue.

'The'larger fractional formation and release of elemental iodine experienced
in this test compared with Implant Test 1 were probably the manifestation
of a concentration effect. In like manner, a larger proportion of iodine
-appeared as organic iodides (1.e¢., collected on the sorbers beyond the
silver screens) in this test as compared with the previous test, again
probably fecause of the differences in concentration. Such concentration

e e as . R 7
-effects on organic iodide formation have been noted previously.

3.4 .Iellurium Dioxide, Cesium Iodide, and Cesium Hydroxide
Behavior at 900°C (Implant Test 3)

Twplant Test 3 is the first of several ekperiments which will
employ three fission product simulants, The experimental conditions
fafe'listed in Table 1, and the pertinent nuclide distributions at the
~conclusion of the test are presented in Table 3., The rupture area of
the cladding is depicted in Fig. 10.

Cesium concentration.profiles in the fuel'rod are displayed in
Fig. 11; these data indicate migrativn to the cold ends and to the rupture
area, Mbreover, migratioh to the rupture area appears to be due to a
loss of cesium from the pellet surfaces.in this region and a consequent
reaction between this cesium and the cladding. Corresponding profiles

for iodine, shown in Fig. 12, suggest migration as Csl toward the ends
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Table 3. Distributions of cesium, iodine, and tellurium in Implant Test 3

Temperature Percent found in each location
Location (°C) Cs I Te
U0y pellets 900 75.7 56.5 3.6
Zircaloy cladding 900 19.4 18.0 94.8
Quartz furnace tube "~ 500 4.1 24,0 1.6
Thermal gradient tube 750-150 0.68 0.73 0.0003
Orifice assembly 125 0.014 0.08 0.0005
Impactor housing 125 0.032 0.52 0.0C
First stage paper 0.006 0.02 0.0
Second stage paper 0.002 0.001 0.0
Third stage paper 0.002 0.001 0.0
Fourth stage paper 0.005 0.009 0.0
Fifth stage paper 0.012 0.038 6.0
Filter housing 125 0.001 0.043 0.001
First filter paper 0.003 0.004 0.0005
Second filter paper 0.0 0.001 0.0
Third filter paper 6.0 . 0.0006 0.0003
Silver screen Nou. 1 0.0 0.11 0.0
Silver screen No,. 2 0.0 0.002 0.0
Silver screen Nos. 3-8 0.0 0.002 0.0
Adsorber housing 125 0.004 0.002 0.002
Charcoal No. 1 0.0004 0.006 0.0
Chareoal No. 2 0,0003 0.0 0.0
Other adsorbers 0.0008 0.0002 0.0
Condenser housing 0 0.04 0.0 u.u
tiondensale 0.001 0.0 0.0
Freeze trap -78 0.001 0.0 0.0
0.0 0.0 0.0

Cold charcoal trap -78
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of the rod, and migration of the cesium originally associated only
with CsOH in the rupture region.

Iodine activity as monitored at two points along the fuel rod
during the experiment is displayed graphically in Fig. 13; these data
indicate continuous transport of the iodine nuclide throughout the test.
Similar plots of iodine activity in the thermal gradient tube and the
impactor assembly are presented in Fig. 1l4. The deposition of iodine
in the thermal gradient tube probably occurred as Csl; this behavior
is suggested by the correspondence of the cesium and iodine profiles in
tlie thermal gradient tube as shown in Fig. 15. Moreover, about half of
thie species was collected at the time of rupture. Less iodine was
collected by the aluminum impactor housing at the time of rupture;
this material is believed to be elemental iodine.

Since CsI and CsOH have similar vapor pressures, one could reasonably
expect the two species to display nearly identical migration behavior.
It is thus not surprising that the thermal gradient tube appears to
yield no separation of the two species., Migration of the two within
the fuel rod was decidedly different, however. In the swollen clad
rupture region, the cladding distortion caused the induction-heated
segment temperature to rise to about 1000°C, whereas the remainder of
the rod was maintained at 900°C. At thc lower temperature it appecars
likely that the CsOH becomes stabilized, possibly as a result of the
formation of uranate. For this reason, migration to the cooler ends
of the rod occurs primarily as CsIl. At 1000°C, we postulate
sufficient decomposilion of the uranate compound to permit transport of
the cesium to the claddiug, as indicated by the data in Fig. 11, This
postulated behavior does not appear to be at variance with Knudsen
cell sLudiesz of Ce partial pressures over UOZ'

Scans of tellurium activity which were made along a segment of the
cladding revealed preferential deposition on the cladding at pellet
interface locations. Since neither cesium nor iodine showed this behavior,
it was decided to open the cladding and examine the effect more clusely.
As can be readily seen from the cladding photographs in Fig. 16, the
activity scans accurately identified regions of preferential deposition;
the tellurium species obviously did not distribute uniformly along the

fuel rod. Samples of material removed from the regions of tellurium-clad
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PHOTO 3638-75

Fig. 16. View of the cladding inuer surface of Implant Test 3
showing tellurium deposition riugs.
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interaction exhibited X-ray diffraction patterns which could not be

identified,

3.5 Behavior of Fission Product Simulant Mixture at 1100°C
(Implant Test 4)

Implant Test 4, which was conducted over a one-hour period with the
fuel rod maintained at 1100°C, was similar to Implant Test 3 in simulant
makeup and composition.

A lengthened induction coil was employed to reduce the axial
temperature gradient along the fuel rod. However, this caused the
stainless-steel ferrule fitting at the inlet end of the rod to become
overheated; this resulted in leakage of the argon pressurizing gas,
so that rupture of the rod could not be effected. Nonetheless,
approximately 187 of the cesium, 327 of the iodine, and 0.1% of the
tellurium were released., Most of the iodine deposited on the furnace
tube wall near the entrance to the thermal gradient tube, probébly as
CsI. Considerable migration of iodine was observed within the fuel rod
toward the cooler ends and, although virtually all of the tellurium
migrated to the cladding, the deposition rings which were observed in
Implant Test 3 were noticeably absent.

Oxidation of the Zircaloy cladding at 1100°C produced smoke-like
deposits on the furnace tube wall that ranged in color from black to
white., The orifice at the entrance to the impactor became partially
plugged by Zr0, particulates (as determined by X-ray diffraction);
this necessitated reduction of the steam-argon flow. Moreover, post-
test examination of the cladding revealed it to be very brittle, and
the surface flaky.

More detailed analysis of the experiment is presently underway.

3.6 Behavior of Fission Product Simulant Mixture at 700°C
(Implant Test 5)

Implant Test 5 was similar to Implant Test 3 in terms of the
nature and compositions of the simulants, but was conducted instead at

700°C over a two-hour period. As with Implant Test 4, data analysis

is incomplete.



30

The data examined to date indicate that about 47 of the cesium,
15.5%Z of the iodine, and 67 of the tellurium had been released, and
that most of this occurred at the time of rupture. Because a different
method of wall thinning was attempted for this test, the rupture was
more energetic than experienced in the previous tests. Approximately
500-psi argon pressure was required to burst the rod in this test compared
with 330 psi in Implant Tests 1 and 2, and 250 psi in Implant Test 3.
(Wall thinning is necessary for tests at temperatures at or below 700°C

to prevent breakage of the quartz furnace tube.)
4, PREPARATION OF HIGH-BURNUP FUEL ROD SPECIMENS

The capped segments of H., B, Robinson 2 fuel rods have been
received in good condition from Battelle Columbus Laboratories (BCL).
Six of these segments have been selected for experimentation and have
been transported to a hot cell, whete detailed scana will be made to
determine the axial concentration profiles of selected gamma—-emitting
fission products.

The following description of operations which had been performed
at the Battelle Columbus Laboratories is taken from eorraspondence af
R. W. Klingensmith.8 The two subject rods were received at the BClL
Hot Laboratory as part of a shipment of 20 H, B. Robinson 2 fuel rods from
Aerojet Nuclear Company (ANC) in Idaho. The rods were removed from the
fuel assembly at the ANC facility in Idaho.

4,1 Fission Gas Analysis

Accumulated fission gases within each rod were collected and then
analyzed by mass spectrometry for molecular and isvlupic constituents.
A determination was also made of the total amount of gas and the void
volume within each rod.

Gases were collected from the fuel rod using an in-cell puncturing
device and an out-of-cell collection system. Operationally, a fuel
rod is inserted through a gas—tight:punch‘bhamber which, along with the
out-of cell collection system, is evacuated. The clad is then punctured
and the gas allowed to expand into a calibrated volume., The resuiting
pressure in this volume is measured with a sensitive Wallace-Tiernan

pressure gage, and the gas quantity calculated using the ideal gas law.
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The gas is then expanded a second time into a calibrated volume for a
second measurement, The void volume of the fuel rdd‘is determined as
the difference between pre—puncturé and post-puncture system volumes,
In order to determine the statistical spread of the values, ten
measurements are made before and after puncturing. To assure complete
filling of the rod internal volume, helium at high pressures is
utilized in the system.

Pertinent data and the results of the gas analyses are presented
in Tables 4 through 6. (These data indicate only 0.247% release to the
gap and plenum, as reported previously.z) A special effort was made
to detect methyl iodide. For both rods, methyl iodide content was

below the 0.1 ppm detection limit,
4,2 Marking and Sectioning

Overall dimensions of the fuel rods examined were 152 in. long
by 0,422 in. OD. Each rod was marked (+ 1/16 in.), starting from the
bottom, at 12, 24, 48, 60, 72, 84, 96, 120, and 132 in., The area one
inch on either side of each mark was cleaned using a wire brush,
Visual inspection of each cleaned area assured that no debris remained
that would hinder Swagelok sealing. A tubing cutter was used to section
the fods at each of the marks, From each rod ten pieces of length (in
order from the bottom ) 12, 12, 24, 12, 12, 12, 12, 24, 12, and 20 inches
were obtained. In all cases the cutting eperations resulted in a
negligible amount of fuel falling from any of the cut surfaces.

Immediately upon cutting, the exposed~fuel ends of each section
were sealed with stainless steel Swagelok fitéings. The upper end of
each section was sealed with a Swagelok cap fitting which has a 2-in,
length of 1/8-in.-0D stainless tubing welded into a hole through the
cap. A 1/8-in. Swagelok cap fitting was used to seal the“l/8—in.
tube., The lower end of each section is sealed with a regular Swagelok
cap fitting. The two end sections of each rod are sealed with the
fittings which have the 1/8-in., tube attachment. Special stainless steel
ferrules were fabricated for these fittings to assure positive seal to
the 0.422-in.~diameter rod, This method of sealing was vgrified by
performing a helium leak check at 80 psi on a sample system.



Table 4,

Fission gas results of tke H, E. Robinson 2 fuel rods

Firast expansion

S2cond expansion

Void volume

Avg. Puncture Gas Volume Pressure Gas Average Pcet— Pre- Rod
punch Puncture volume quar:tity after after quantity gas pur.ch punch void
Rod temp. volume pressure Vel expansion expamsion Vg2 quantity vclume volume volume
No. (°C) V2 (ec) P» (paim) (cc, STP) Vo5 (cc) P25 i{psia) (cc/STP) (cc, STP) YV dcc) Vi(ee) Yy (cc)
D-12 25.7 507.5 11.800 372.4 721.2 8.285 371.5 372.0 493.€1+0.10 467.3240.07  26.49+0.21
B-15 24,3 508.7 11.718 372.4 722.4 8.230 371.4 371.9 495.00+0.09 467.59+0.12  27.41+0.15
Table 5. Gas analyses of the H. B, Robinson 2 fuel rods
Ezd H2 He CHA H20 O2 N2 Ar CO2 = Xe Xe/Kr
D-12 < 0.01 95.2 0.01 <D0.1 < 0.27 1.27 2,05 < 0.01 D.3133 1.04 7.82
H-15 < 0,01 95.2 0.01 <90.1 < 0.49 2,04 0.91 < 0,01 D.x58 1.18 7.47

(4%



Table 6. -Krypton and xenon isotopic analyses of the H. B. Robinson 2 fuel rods

Isotopic abundance (%)

Mass specﬁrometer

Rod Krypton Xenon Volume pressure Temp.
No. 83 84 85 86 . 131 132 134 136 cc mm Hg (°C)
D-12 13.7 1.1 7.17 48.0 7.86 21.0 28.9 42,4 1104.2 132 24,1
H-15 13.7 30,8 7.67 47.9 8.10 - 21.0 28,9 42,0 1147.7 128 - 24.0

€€
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For identification purposes, Rod D-12 is designated "A" and Rod
H-12 is designated "B'". Sections from each rod were numbered 1
through 10 starting at the bottom end of the fuel rod. Thus the
sections are identified as A-1 through A-10 and B-1 through B-10.
These identification marks are etched on each of the Swagelok fittings.
A period of approximately 90 days elapsed between the time the rods
were punctured for fission gas analysis and the time they were sectioned.
During this interval an air-tight seal was placed over the small puncture
hole in the clad. It should be pointed out that the interior of Rod
A (D-12) was exposed to air through the gas vent hole for about 72 hrs
before the hole was sealed. Rod B (H-15) was similarly exposed for
about 48 hrs,

4.3 Packaging and Shipping

The rod sections were individually placed in stainless steel tubes,
and these tubes, in turn, were placed in stainless steel tubes which
were tack-welded together into a cluster to form a shipping basket.
Spring-loaded stainless steel cylinders were placed into each of the
shipping basket tubes to constrain movement of the fuel rod sections
during transport. The entire shipping basket assembly was then placed
in a stainless steel, water-tight shipping caunnister and transported in
this configuration. ’

As indicated previously, all of the rod sections were received in

good condition at ORNL.
5. KNUDSEN CELL EXPERIMENTE

As a result of the X-ray diffraction studies associated with
the Control and Implant Tests, it is now apparent that the species
previously identified as 0s202 in the Knudsen cell tests2 is actually
hydrated CsOH., The characteristic heat of vaporization which was
determined for Cs vapor over the CsOH'xH.ZO—UO2 system by the Knudsen
cell technique was 60.4 kcal/mole; this result is in good agreement
with the values of 63,4 and 69,6 kcal/mole which were obtained for Cs
vapor over CszUO4 by Johnson and Johnson.9 These workers, in agreement

+
with the present observations, detected minor ion currents of CsO ,
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C520+, and Cs2+, but no species which contained uranium. These

data reinforce our conjecture that the 032003 and the CsOH’HZO

reacted with excess UO2 in- the Knudsen cell to yield Cs2U04, so that
the effusing cesium corresponded to the vapor pressure in equilibrium
with the uranate. An orange-red compound that remained in the Knudsen
cell after studies with a Cszcos—UO2 mixture has been submitted for
analysis by X-ray diffraction,

In an effort to convert the ion current-temperature products
into vapor pressure values, calibration of the Knudsen cell-double
focusing mass spectrometer apparatus has been attempted using silver
as a standard., After several unsuccessful attempts, each of which
resulted in apparatus adjustments to correct malfunctions, a
satisfactory calibration curve was obtained. This curve yielded a
heat of vaporization value of 61 kcal/mole, which is in essential

: 10,11
agreement with values (63 to 69 kcal/mole) reported previously.
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