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ABSTRACT

Although fission product tellurium presents a
potentially significant radiohazard, its release
and transport in source-term experiments Is fre-
quently overlooked because It does not possess a
readily measurable, gamma emission; moreover, a
recent study emphasized r.oble gas, iodine and
cesium release from LNR fuel elements because of
the large data base that exists for these mate-
rials. Some new tests show that In some cases
tellurium may be held up In core material to a
greater degree than previously assumed — an
observation that prompts a cartful reappt"isal of
the existing tellurium-release data an,? tts
chemical foundation.

INTRODUCTION

Although tellurium is recognized as a potentially
important radiohazard, studies to date, both in
source-term experimentation and analysis, have
emphasized (a) noble gases, because of their
chemical simplicity and ease of measurement,
(b) iodine, because of Its recognized prominent
radiotoxicity, and (c) cesium, because of its
radiotoxiclty and Its prominent gamma emission.
In a recent study (1), release rates of these
elements from fuel material were estimated based
on a value of a release-rate coefficient assumed
to depend solely on temperature. Release rates
for tellurium were based on older experiments and
on Its volatility relative to the other fission
product categories. Recent tests in the Core
Melt Facility (2) at Oak Ridge, however, have
shown that, under some conditions at least,
tellurium jay be sequestered in metallic core
material, either by dissolution or chemical com-
bination, which results in significantly lower
releases from fuel materiel than heretofore
assumed. The first demonstration of this effect
was with trace-irradiated UO2 heated In helium by
centered tungsten resistors (3). The release of
tellurium from Zircaloy-clad UOj was approxi-
mately a factor or 40 lower than for bare fuel or
fuel clad with stainless steel. A study of the
relative volatility of fission products and
structural materials components also projects an
effect of Zircaloy cladding on the release of
tellurium (4,5). Thase and similar observations
.•ave prompted this more extensive examination of
available tellurium release data, together with
some analysis of the chemical bases for the
observed tellurium release and transport
behavior.

It needs to be emphasized at the outset that a
lower-than-expected tellurium release rate from
fuel material does not necessarily mean a lower

calculated release to the environment. It merely
means that the tellurium transport pathway Is
different from that previously envisioned, which
may result in either higher or lower releases to
the environment, depending on subsequent behavior
In the accident progression.

REACTION OF Te WITH Zr

Summary of Experimental Results

Tellurium reacts with zirconium at temperatures
as low as 673 K (6). Experiments carried out
over a temperature range of 923- 1273 K (with
Zircaloy-4) resulted in the formation of two
bands of reaction products (7). The outer band
was rich in zirconium and tellurium, and the
inner band was brittle and irregular in thick-
ness; the inner band varied In thickness between
S and 10 urn. Tin was distributed at the bottom
of the inner band in a concentration higher than
in the bulk. In another set of tests at lower
temperatures (673—773 K ) , tellurium was reacted
with both bare Zircaloy-4 and prefilmed (0.6-|BI-
thick Z r O ^ ) specimens (7). After li to 12 days
(9.5 x 105-1.0 x 106 s) of exposure at 673 K,
tellurium deposition on bare metal was 28 mg/cm*;
on the prefilmed metal it was 25 mg/cm2. No men-
tion is made in this study (7) of two bands of
tellurium containing reaction product. It is
likely that the lower temperatures restricted
migration of tellurium into the metal and from
the metal out toward the tellurium.

Desorption studies were conducted on the pre-
fixed Zlrcaloy-4 specimen. The specimen was
desorbed for 49 h (1.8 x 10s s) PX 673 K under
continuous evacuation. During this period, the
specimen lost about 20Z of the tellurium
adsorbed. In another study of the desorption of
tellurium (8), clad specimens containing fission-
product deposits were heated at 673, 923, and
1273 K for 5 to 7 h (1.8 x 101*—2.5 x 10U s ) .
Tellurium was retained on the specimens at tem-
peratures up to 1273 K. The apparent difference
in desorption rates is again most likely due to
the low temperature of the study from ref. 6. At
673 K, the telluride formed should be ZrTes; at
1273 K, the telluride would be Zri^Te (x - 0.077
to 0.5).

Transport of Te

There are five different zirconium-tellurium com-
pounds (9) — ZrsTein ZrTe, Zrj-jTe, ZrTe3, snd
ZrTes. The phase diagram for this system has r.ot
been studied in the zirconium-rich (>70 at. X)
region. The compounds ZrjTei,, ZrTe, and Zri_xTe
are stab1"; above 1000 K; the others are not.
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i x has a composition range between 52 and
66.6 at. Z Te at 973 K. The liquldus temperature
for this compound is about 1870 K. Not surpris-
ingly, liquidus temperatures on the tellurium-
rich side of the phase diagram are much lower.

Tin forms a telluride with a nominal composi-
tion of SnTe and a homogeneity range of 50.1
to 51.1 at. Z Te. This compound melts at
107-» K (10).

Thermodynamlc data have
ZrTe2 and ZrTe3 (11,12).

been estimated for
The ZrTe2 compound

appears as Zri-jTe in the most recent phase
diagram for this system (9). The free energy for
the reaction

Zr (solid) (• 2Te (gas) * ZrTe2 (solid) (1)

is reported to oe

AG - -107500 + 40.13 T (2)

et T - 298 (> melting point of ZrTe 2). This dara
is based on an estimated heat of formation and
entropy at 298 K (12). The data at 298 K were
assigned an uncertainty of ±28Z for heat of for-
mation. The uncertainty in AG values at higher
temperatures would be even greater than fit 298 K.
Nevertheless, because this is the only data
available for zirconium-tellurium compounds, it
will be used ro calculate tellurium vapor pres-
sures with assumed uncertainty values of ±30Z in
the AG data.

The vapor pressure of Te2 over <ZrTe2> calculated
from Eq. (2) is given by

In PTe -54096/T + 20.194 (3)
atm

Table 1 shows the maximum rate of vaporization of
Te2(g) from ZrTe2, calculated using the Hertz-
Langmuir equation and assuming that ZrTe2 was the
only source of Te 2 vapor.

The values in Table 1 for ZrTe2 may be compared
to similar values for NiTe. At 1000 K the maxi-
mum rate of Te2(g) vaporization in 10 orders of
magnitude lower for vaporization from ZrTe2. Due
to uncertainty in the thermodynamlc values for
ZrTe2, the value for Te2(g) flux could be In
error (at 1000 K) by as much as ±5 orders of
magnitude. However, even in the worst case of
uncertainty, Te2(g) vaporization from ZrTe2 is
much less than from NiTe.

The vapor pressures of Te 2 over NiTe and Zrle2
are shown in Fig. 1, along with those of several
other elements. Lower partial pressures can be
expected as a result of alloy formation or solu-
tion in molten metals. As a point of reference,
the fractional release rate of tellurium in
SASCHA (an apparatus for studying the release of
fiuolon products from molten fuel) tests is
usually between those of tin and silver (NUREG/
CR-2182, Vol. ?. Appendix C ) . The SASCHA tests
consist of heating Zlrcaloy-clad, H02-containing
fission product simulants along with stainless
steel to form a molten mixture in steam or air
atmospheres.

Conclusions Rfgardlng Te Reaction with Zr

TelluriuE reacts readily with zirconium, even at
temperatures as low as 673 K. At the highe: tem-
peratures expected in a nuclear reactor accident,
the most likely phases are (a) Zri_xTe on the
side of the clad exposed to tellurium and an
inner phase of ZrTe at temperatures up to 1273 K
and (b) ZrsTei, above 1273 K. For calculations
here, we have modeled the Zri-jTe phase as ZrTe2.
The calculations show that tellurium pressures
over ZrTe2 are much lower than over stainless
steel at the same temperature.

The reaction of tellurium with zirconium and the
desorption of tellurium may be sensitive to oxi-
dation effects. Zirconium and tellurium have
widely different oxygen potentials. At 1500 K,
the oxygen potential for the formation of ZrO2 is
—195 kcal/mol 0 2, and the oxygen potential for
the formation of TeO2 is -12 kcal/mol 0 2.
Thermodynamic data for ZrTe2 and ZrO2 indicate
that at 1500 K, oxygen would replace tellurium in
ZrTe 2 at oxygen potentials more positive than
-171 kcal/mol 0 2. Under conditions where oxida-
tion of zirconium could occur, the tellurium
released could either react with zin onium not
yet oxidized, remain as liquid, or desorb.

Compounds of the type Zr02-nTe0 (n - 2, 3) have
been reported. There are no thermodynamlc data
for these compounds, but the oxygen potential for
tellurium oxide indicates that oxygen pressures
far in excess of those, necessary to form ZrO2

would be required before Zr02"nTe0 would form.

RELEASE OF Te FROM FUEL-EXPERIMENTAL RESULTS

Examination of the existing body of information
generally appears to indicate two categories of
tellurium release tests, one set In which rela-
tively high release rates are observed (defined
as within a factor of 2 of that expected for
iodine) and a second group in which significantly
lower release rates are observed (defined as a
factor of 10 or more lower ti.an that for iodine).
These observations prompt, the working hypothesis
that tellurium release rates from U0 2 do not
differ significantly from that observed for
iodine, but a chemical sequestering of tellurium
may sometimes occur (most likely by reaction with
or dissolution In various metals).

Examples of High Te Release

Tests resulting in high tellurium release
(release within aaojt a factor of 2 of that of
Iodine) are summarized in Table 2. These tests
were performed without Zlrcaloy cladding and
usually had inevt or reducing atmospheres.

Only three tests in which Zlrcaloy cladding was
used showed high tellurium release. These are
the CMF 991S test, the CDE tests, and the HI-2
test, all of which are discussed later in this
paper. It i« believed that oxidation of the
Zircaloy cladding was extensive in these
particular tests.
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Examples of Low Te Releases

Tests with low tellurium release (about a factor
of 10 lower than for iodine) are listed In
Table 3. With one exception, all of these tests
employed Zircnloy cladding. It is believed that
the Zircaloy cladding reacted with the tellurium
and reta'.ned It as described in "Reaction of Te
with Zr."

Mlscellaneou3 Te Release Results

Summary of testa In the Containment Hockup
Facility (CMF) and Containment Research Installa-
tion (CRI). Pertinent test data from CMF and CRI
runs are shown in Table 4. The fuel specimens in
these tests were heated at the melting point for
-2 mln. Steam or air flow was adequate for com-
plete oxidation, but the melt geometry may have
prevented complete oxidation during the short
heating period. When Zircaloy was used, the melt
often sparked during cooldown, especially If air
was admitted — an Indication that oxidation was
not yet complete. The range of release of tellu-
rium, from high to low, Is believed to be related
to the extent of oxidation of the Zircaloy.

Contamination/decontamination experiment (CPE)
testa. Five tests were run In the CDE facility
(13). Averages of the test results are given in
Table 4. These tests were conducted at 22 pslg
with short-cooled fuel and were heated by high-
frequency induction. It is difficult to say with
confidence that the high tellurium release In
these tests was a result of extensive oxidation
of the Zircaloy cladding. The rate and duration
of steam supply were sufficient for complete oxi-
dation of Zircaloy, but examination of a mockup
test residue Indicated incomplete oxidation.

TREAT transient tests and test FRF-1. In the
TREAT transient tests, fissioning in the pellets
heated UO2 to melting or near melting in less
than 0.5 s. Splattered fuel and cladding made it
difficult to determine release from the fuel.
The ratio of Iodine to tellurium release in
stainless steel clad tests was 1.6; the same
ratio with Zircaloy cladding was 3.5. The low
trapping efficiency for tellurium was probably a
result of the poor contact between the melted
fuel and cladding. Oxidation of the Zircaloy
ranged from 41 to 55Z, based on the hydrogen
formed.

Test FRF-1 (Table 4) is Inconclusive regarding
the release of tellurium. The low temperature
and short heating time preclude significant oxi-
dation of zirconium. The rupture opening In the
center Irradiated rod was much larger in FRF-1
than In FRF-2 (Table 3 ) .

High-temperature fission product release test
series. In the high-temperature test series,
high-burnup commercial PWR fuel from the H. B.
Robinson reactor was heated in steam at several
different temperatures (14,15). Tellurium
released from the 8- In.-long fuel rod segments
was measured by tha spark source mass spectrom-
eter (SSMS). Satiples of material deposited at
several locations in the thermal gradient tube
and on or near the glass wool filter (parts of
the apparatus used for collecting the released

fission products) were obtained by using graphite
electrodes to take smear or swipe saaples in as
representative a Banner as possible. The elec-
trodes were then placed individually In the SSMS
and the smear deposits vaporized for aass cumber
analysis. This technique Is o.ily accurate within
a factor of 2 per measurement, excluding sampling
errors. Since only ;part, of the Ksystem Is
smeared, the estimated total tellurium released
Is subject to an even larger possible error.

Data for the three HI series testa that have been
run to date are listed In Table S. Even though
the tellurium release amounts are only approxi-
mate, It is -clear that much more tellurium was
released in test HI-2 than in the other tests.
Oxidation of the Zircaloy was essentially com-
plete In that test. The low oxidation fraction
shown for test HI-3 Is a result of the limited
steam supply and the relocation of the Zlrcaloy
after melting. The relationship between tellu-
rium release and Zircaloy oxidation observed In
these tests parallels similar behavior in other
tests described above.

SASCHA test results. In these tests, 150-250 g of
Zlrcaloy-clad fuel pellets and stainless steel
are melted in a ThO2 crucible in atmospheres sf
flowing argon, air, or steam (16-19). Because of
eutectlcs formed between the various components,
the mixture becomes essentially completely molten
at about 2300°C. In earlier tests, an induction-
heated tungsten cylinder surrounded the crucible
and heated the test sample by conduction and
radiation. In current tests the miniature core
is heated by direct induction coupling. The melt
temperature is measured by optical pyrometry.

The UOj pellets are especially fabricated to con-
tain a variety of radloactlvely traced fission
product simulants in concentrations equivalent to
a burnup of 44,000 HWd/MT. The cladding i..;d
stainless steel may have been Irradiated to pro-
vide tracers for typical neutron activation pro-
ducts. Most of the released material forms a
dense smokey aerosol. Roughly half of the
released material settles (by gravity or diffu-
sion) on the glass container and half reaches the
filter papers that are monitored continuously by
a multichannel GeLl detector. The results of
these tests are included in "Release-Rate Calcu-
lations."

Inferred Te release from fuel material at TMI-2.
Chemical analyses of most of the samples drawn
from TMI-2 repositories do not list tellurium as
being present. This seems largely due to the
difficulty of analysis, not Its absence. Fortu-
nately, a special effort for tellurium analysis
was undertaken for a limited number of samples
drawn from the primary circuit (both with and
without solldB) and for some containment sludge
aad surface-material samples. Examination of
these few samples seems to chow a possible tel-
lurium release for the TMI-2 core of about the
same degree as seen for cesium, Iodine, and noble
gases (20). However, this conclusion is far from
a certainty due to the sparse data available. At
any rate, a strong sequestering of tellurium by
core materials cannot be demonstrated by the
limited available data.
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RELEASE-RATE CALCULATIONS

Calculation Technique

Our objective In this study was to devise a model
fct the release of tellurium from Zlrcaloy-clad
LWR fuel rods under accident conditions. We
chose to use the fractional release format used
In the Technical Bases report (1). The same type
of release-rate model has been used In the ORNL
severe accident sequence analyses and In the
CORSOR fuel source-term model.

Mathematically, the release rates are expressed

as

- M - k(T) (4)

dt

where

k(T) - a release-rate coefficient that

varies with fuel temperature,
f « fraction of current tellurium

inventory,
t " time (mln).

The rate coefficient was usually obtained froa
test data by using the expression

k(T)
-ln(1-F)

(5)

where

F ~ total fraction released during an

isothermal test segment,
t - total test time (min).

For SASCHA tests In which tellurium release was
monitored continuously, rate coefficients were
calculated for several different time periods
from

where

Af

At

(6)

fraction of current inventory released
at temperature T,
increment of time for which Af was
measured (min).

Most of the test results presented in Tables 2
through 4 could not be used to calculate release-
rate constants because of uncertainty in the test
temperatures.

Results of Experiments

Release-rate coefficients calculated for SASCHA
tests performed In 2 bar of steam are plotted In
Fig. 2. Lines are also shown in Fig. 2 for the
proposed tellurium release model that will be
discussed In detail in "Proposed Te Release-Rate
Hodel." Briefly, the "low rate" line applies
when unoxidlzed Zlrcaloy Is present and serves as
a trap for the tellurium. The "high rate" line
applies when zirconium is either absent or fully
oxidized. The SASCHA steam test results (Fig. 2)
lie between the two lines, slightly above the

midpoint in the 1500-1900°C range and slightly

below at 2400"C.

Tellurium release results from tests HI-1. HI-2,
and HI-3 are also shown in Fig. 2. TeBts 1 and 3
results show incompletely oxidized Zlrcaloy clad-
ding and low tellurium release rates. Test HI-2
with completely oxidized cladding showed a higher
rate of release of tellurium. The poiiit at
2400°C from the relative volatility study is an
average for a number of types of tests, but the
absolute release-rate value Is weighted heavily
by older SASCHA tests performed in 2 bar of air
atmospheres.

Release rates derived from other tests are
plotted In Fig. 3. The SASCHA tests in Ar + 5Z
H 2 gave release rates considerably lower than for
tests performed in steam (Fig. 2). The explana-
tion for the difference is that the unoxidized
Zircaloy in the Ar + H 2 test was able to capture
the tellurium. A line showing the approximate
average for three SASCHA tests performed in air
is also shown in Fig. 3. SASCHA tellurium
releases In air are similar to those in steam
atmospheres.

Also shown in Fig. 3 are results from tests with
unclad UOj heated In steam. These are results of
Individual tests shown as averages In Table 2 —
the high release talile.

Discussion of Experimental Release Rates

The experimental release rates shown In Figs. 2
and 3 in general follow the premise (suggested in
the introduction) that tellurium release rates
may differ depending on test conditions. Lower
release rates occur when unoxidized Zlrcaloy Is
present. The 330-rain bare UO2 diffusional
release tests of Parker should lie closer to the
high line. We believe that the seemingly low
rates are a result of the long test time and the
inability of the simple fractional release-rate
model to cope with both Bhort- and long-term
heating periods. It should be mentioned that the
high curve In Figs. 2 and 3 Is close to the NUREG-
0772 release-rate curve for fission gas, iodine,
and cesium and that these curves are targeted for
heating times of 10 to 20 mln at constant tem-
perature.

PROPOSED Te RELEASE-RATE MODEL

Obviously we do not know enough to prepare a
detailed model of tellurium behavior. It does
appear that tellurium release from the U0 2

pellets occurs approximately at the same rate as
iodine release. However, when zirconium tellu-
rides can form, the tellurium vaporization rate
from the fuel element is reduced drastically.

The questions exist as to when zirconium tellu-
rides are formed and when they are decomposed.
Also, what rates of release or vaporization exiBt
for the two conditions? We believe that the
existence of the low-volatility tellurides is
related to the extent of oxidation of the
Zlrcaloy cladding. When single-side oxidation
occurs, tellurium might exist In the low-
volatility form until 96 to 100Z conversion of Zr
to ZrOj occurs. When two—sides oxidation occurs,
especially If It is initiated before significant



amounts of tellurium are released from the D0 2,
the surface oxidation that Is much less oxidation
than bulk oxidation might suffice to prevent
formation of the low-volatility tellurides by
providing a barrier for diffusion to the metal.

He propose the following model for tellurium
release relative to Iodine release for Zircaloy-
clad fuel. It applies to accidents In which the
cladding fails so thai- oxidation occurs at the
inner cladding surface at least to some extent.

1. When the local degree of cladding oxidation
(I.e., in Che control volume) Is estimated
as less than 90J, we recommend that a 'low*
tellurium release rate from the fuel plus
cladding be employed, this "low" rate being
equal to approximately l/40th that of iodine.

2. When the local degree of cladding oxidation
Is predicted to reach or exceed 901, we recom-
mend use of a "high" release rate, essentially
equal to that of iodine. This "high" rate
should be applied to both the tellurium inven-
tory remaining in the pellet and also that
residing in the cladding.

The above is a gross simplification of what must
actually occur. Keep In mind that the threshhold
for change in release rate Is based on local
cladding oxidation. Core average oxidation is an
unacceptable substitute.

The value of k(T) recommended for tellurium
release Is obtained from the following expression
with the applicable A and B from Table 6:

k(T) - Ae B T .

For this expression, T is °C.

(7)

The release rate constants, k(T), are plotted in
Figs. 2 and 3. As in NUREG-0772, the release-
rate constant is based on the fraction of tellu-
rium remaining in the fuel and cladding at any
Instant.
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Table 1. Tellurium vapor pressure above ZrTe2 and
aaxlmum Te2(g) flux versus temperature

T (K) J (mol cm"2 s"1) P (atm)

8C0
1000
1500

2.48 x
1.66 x 10-16

9.18 x 10"9

2.53 x 10
1.89 x 10"'5
1.28 x 10"7

4.4-6



Table 2. Summary of tests with low release of tellurium

w:i-

Experiment

description

Tungsten resistor2

Seven-rod TREAT 6

LOCA

SASCHA situlant13

SASCHA slmulante

Bundle simulant;

Parker

LOCA simulant;1"

Lorenz

Test

number

FRF-2

CM-20-f

CM-21?

CH-29 h

aORNL-34Ol. Data updated

*Nucl. Technol. Vol. 11.

Cladding

Zr

Zr

Zr

Zr

Zr

Zr

S.S.

Zr

. Average of

August 1971,

DOz
•as:

(g)

39

5350

100

100

625

two

and

s Burnup

(HUd/KT)

1

2800

40,000 sin.

40,000 sim.

16,500 slm.

15,000 slm.

tests.

ORNL-4710. UOj

Atmosphere

He

Steam + He

Air

Steam

Steam + Ar

Steam + AT

Steam + Ar

Steam + He

Temperature

CO

1800-2800

1300

1900

2400 d

1900 ,

2400

-2400

2400

2400

500-1300

mass of seven rods.

Tine

-2

-I

1

I

1

1

-8

8

8

10-1200

Amount

released (Z)

1

35.0

0.12

-90.0

92.0

92.0

10.0

Te

0.8

-ID" 5

0.75

5.8

1.6

7.1

<i:0°
1.0

•JSulTvalley, Idaho, 1981.
"Amounts obtained by Lorenz from extrapolation of data.
eCore Melt Meeting, Columbus, Ohio, November 1981
/NUREC/CR-2809 , Vol. 1.
JNUREG/CR-2809, Vol. 2.
'JG. W. Parker, personal communication, Feb. 14, 1983.
iNUREG/CR-0274

Table 3 . Summary of tes t s with high release of tellurium

Experiment

description

UO2
mass

Cladding (g)
Burnup Temperature

(MWd/KT) Atmosphere ("C)

Time
(Bin)

Amount

released (I)

I Te

Diffusion; a

Parker

Diffusion;b

Parker

Diffusion; e

Davies

None 7

None -1.5

None
None

Tungsten crucible;" None

Parker

Tungsten resistor

0RR In-pile 9

Hone
S.S.

S.S.

- 1 . 0

0.0s

2.0

39 .0 e

39.0J

6.0

4000

He

He

He

He
He

He
Air

1200

1600

2000

1200

1600

2000

1600

2050

2800

1800-2800

1800-2800

-2400

-2400

330 0.57 0.63

330 6.0 12.0

330 40.0 65.0

330

330

330

120

144

2

-2
-2

5

5

6.5

40.0

84.0

0.5

17.0

94.0

30.0

52.0

86.0

6S.0

6.5

40.0

84.0

2.0
49.0

97.0

42.0

31.0

86.0

60.0

aFrom f irst draft, NUREG-0772. Smoothed data, total of 28 tes ts .

6 From f irs t draft, NUREG-0772. Smoothed data, total of 10 tes ts .

"AERE-R-4342. Each temperature Is an average of three tes t s .

40RNL-3981. Average of s ix t e s t s .

e The Technology of Reactor Safety, Vol. 2. Average of three tests ,

•f The Technology of Reactor Safety, Vol. 2. One t e s t .

?ORNL-3843. Average of three t e s t s .

1.U-7



Table 4. Release of tel lurlua In other test*

Experiment
description

CMF/CRI; Parker

Test
number

CMF 99lSa

CRl 114b

CMF 996H5
CHF 992Sd

CHF 981H*
CHF 995HJ
CHF 990S3

CDE'1

Cladding

Zr
Zr
Zr
Zr

S.S.
S.S.
S.S.

Zr

UO2
mass

<«>

40
40
40
40

40
40
40

-70.0

Burnup
(HVd/MT)

10,000 sla
6,000
7,000

10,000 sla

7000
1000

10,000 sin

8C0

Atmosphere

M r
Air + steam
Mr + steam
Steam + He

M r
Air + steam

M r

Steaa

Temperature

CO

-2400
-2400
-2400
-2400

-2400
-2400
-2400

-2000-2400

Time
(mln)

-2
-2
-2
-2

-2
-2
-2

25

Amount released
(X)

I

100
73.5
90.2
92.3

91.0
-100
-100

17.0

Te

45.7
15. B
2.4
0.43

55.0
31.7
B.4

12.0
decontamlnatIon
experiment

Seven-rod TREAT
LOCA

TREAT trans i en t

FKF-1 Zr 765 650 Steam + He 950

8i '
9'
101'
Hi'
12c

S.S.

s.s.
s.s.
Zr
S.S.
Zr
S.S.
Zr
Zr
Zr

30
JO
32
32
32
32
32
32
32
32

-10
-10
9
16
19
18
27
32
14
11

Hoist air
Wet air

1U00 pel steam
1000 psl steam

Water
Water
Water
Water

300 psl water
2500 psl water

2800
2800
2700
2700

>3000
>3000
>3000
>3000
>3000
>3000

- 2 0.19

39.0
34.0
0.7
10.0
5.0
7.0
67.0
53.0
26.0
22.0

>0.015

31.0
27.0
0.4
S.O
3.0
2.0
28.0
13.0
2.6
7.2

°ORNL/TM-2628. Severe ox idat ion of fuel specimen noted . Designated CHF 2-24 In ORNL-3843 and ORNL-3915.
ORNL-4374.

^DRNL/TH-2628.
ORNL/TH-2628.

^ORNL/TM-2628.
•* ORNL/TH-2628.
foRNL/TH-2628.

Same t e s t designated CHF 4-11 In ORNL-4071.
Same t e s t designated CHF 3-25 in ORNL-3843 and ORNL-3915.
Same t e s t designated CHF-C in ORNL-3691 and CHF 3-5 in ORNL-3776 and ORNL-3915.
Same t e s t designated CHF 10-29 in ORNL-3915.
Same t e s t designated CHF 12-9 in ORNL-3776, ORNL-3843, and ORNL-3915.

'.'lN-1172. Average of f ive tes>cs fractional r e l e a s e of f i s s i o n product Ho - 0 .04 .
Nucl. Technol. Vol. 11, August 1971, and ORNL-4635.

JORNL-3691.
^RNL-3843.
7ORNL-3915.
"bRNL-4071.

nORNL-4228.

Table 5. Tellurium r e l e a s e in HI s e r i e s t e s t a

Test
number

Temperature
CC)

Time
(mln)

I, Cs, Kr
release
(X)

Te release *
(X)

Zircaloy
oxidized
(X)

HI-1
HI-2
HI-3

1400
1700
2000

30
20
20

1.8-2.8
50
55

0.3
50-100
0.6

40"
100"
-35 d

,H. B. Robinson FUR fuel, 28,000 HVd/HT.
Accuracy is within s (actor of 2.
'".Based on posttest metallographlc examination.
Based on amount of hydrogen formed. Steaa supply limited maximum

cladding oxidation to -601.

H.U-8



Table 6. Coefficients for Che release rate constant

3-
•i-

Cladding condition Temperature

(*C)

Zircaloy oxidation <90X

Zircaloy oxidation >90t

<1600

1600 to 2000

>2000

<1600
1600 to 2000

>2000

1.625 x 10" u

9.04 x 10"8

6.025 x 10~6

6.50 x I0"10

3.616 x 10"6

2.41 x 10-*

1.061 x 10"2

5.22 x 10-3
3.12 x 10"3

1.061 x 1(T2

5.22 x HT3

3.12 x UT3

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any leftal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, proofs, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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