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1. WATER REACTOR PROGRAM — CHEMICAL REACTIONS






1.1 CHARACTERIZATION OF SIMULATED ACCIDENT AEROSOLS FOR CSE
(AEC Activity 04 60 10 O1 1)

G. W. Parker T. H. Row

The validity of simulated fission~-product aerosols as compared with
aerosols from highly irradiated U0z has been a question of much concern to
the Nuclear Safety Research Program. One method of simulating such an
aerosol is that provided for the Containment Systems Experiment at Battelle-
Northwest in which small high-temperature furnaces are used to vaporize
the desired amount of a fission-product element in a suitable flowing gas
stream. The vaporized material then passes through a very hot furnace
containing melted U0z before the mixed gases are conducted into the con-
tainment system.

The incentive for use of such simulants is that an impractically
large radiocactive source would be required if a suitable amount of reac-
tor fuel were to be heated to melting. For the sake of comparing behav-
ior of both the simulant and highly irradiated U0z in the sawme facility,
we have conducted a small program on simulant behavior that includes a
miniature version of the BNWL method of aerosol generation. Extremely
small, densely compacted pellets containing suitable radicactivities and
the required amount of nonradiocactive fission-product elements are heated
on small ribbons or filaments by low-voltage resistance. The vapors are
then passed through a hot zone containing melted UO2.

We have completed two runs that simulated fuel with burnup levels of
1000 and 7000 Mwd/T. These are designated in Table 1.1 as CMF runs 1007
and 1008. Technical difficulties have limited our success in generating
sultable fractions of elements other than iodine, cesium, and ruthenium;
however, a fair amount of data has been accumulated with these three ele-
ments. We have compared the results of the two runs in Fig. 1.1 and in
Table 1.1. The major differences in amount of activity remaining air-
borne are attributed to the effect of having a delay in run 1008 that
allowed most of the steam to condense before the aeroscl was generated.

A secondary bonus from run 1007 was that two methods of sampling were
used in parallel. It was interesting to observe the complete absence of

the short half-lived component in the deposition of radicicdine, as seen
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Table 1.1. Comparison of Activity Half-Times Obtained in
Two Simulant Runs

T1/2, Half-Time (min)

CMF Run 1007 CMF Run 1008

For steam condensation®

From Iz activity in condensates 121 174
From pressure-temperature readings 126 64.2
From condensate volumes 118 187

For cesium activity in gas samples 59

For ruthenium activity in gas samples 92 152

For iodine activity in gas samples 18 and 128 28 and 264

For gross activity from ion chambers
On top of CMF 20.6 and 619 67.2
On side of CMF 22.5 and 730 55

aTotal volume of condensate was 216 ml in CMF 1007 and 115 ml
in CMF 1008.

in Fig. 1.1, CMF run 1007, in data obtained by use of a sampler that was

connected with only a short (18-in.) length of piping to the containment

vessel. The other sampler from which the data in Fig. 1.1 were taken was
actually inside the vesselj; thus entrance effects were minimized.

The planned program for validation of the CSE simulant includes re-
location of the equipment and melting highly irradiated UOp in the CRI
facility. Comparative sampling will also be conducted in this case.

Three Zircaloy-clad UOp capsules have been inserted into the ORR
reactor for long-term irradiations. The capsules are scheduled for a
burnup of greater than 10,000 de/T for use in subsequent CSE verifica-
tion tests. Work is progressing on the design of an in-pile CSE simu-
lant generator.

A portable sampling device was designed to be used in experiments
conducted at CSE and CMF to aid in comparing the date from each facility.
The portable sampling device was used to sample ADF run 3-85 at BNWL
Containment Systems Experiment facility. The run was isothermal at 80°C

and 1 atm abs. The atmosphere was about a 50% steam—50% air mixture by
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volume. The aeroscl consisted of iodine with 131

I tracer, cesium with
3705 tracer, and ruthenium with 103Ry tracer. These isotopes were vola-
tilized and passed over a fused zirconium~-clad UO; fuel element before

entering the SAT tank.

The samples from the experiment were analyzed with CSE counting

equipment and the gamma-spectrum analysis program.

The results have been
received and will be interpreted during the next report period.
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1.2 PROMPT FISSION-PRODUCT RELEASE STUDIES IN TREAT
(AEC Activity 04 60 10 01 1)

G. W. Parker R. A. Lorenz

Work is continuing on the design of experiments to simulate in the
TREAT reactor the "prompt" fission-product release phase of loss-of-
coolant accidents. "Prompt release" refers to the immediate escape of
volatile and gasecus fission products from void spaces in high-burnup
fuel rods when cladding is ruptured following a loss-of-coolant blowdown
accident in pressurized-water and boiling-water reactors. Cladding rup-
ture in these accidents is a result of high internal gas pressure and low
cladding strength because of high temperature following loss of coolant.
In the in-pile TREAT experiments, fission heat will be used to simulate
the decay heat and initial heat content of UQ; above the cladding tempera-
ture in a real loss-of-coolant accident. TREAT will be operated at steady
power so that cladding rupture of the test rods will occur between 10
and 30 sec after initial reactor heating. In the first experiments, it
is planned to use clusters of VBWR fuel rods (Zircaloy-2 clad U0y ) ir-
radiated to 9000 Mwd/T several years &go.

The prompt release phase of the loss-of-coolant accident poses two
important questions to the reactor safety analyst. First, how much radio-
active and biologically hazardous fission-product material will be re-
leased (and how far will it be transported). Second, will the cladding
swell or fail in such a way that emergency core cooling devices cannot
function properly. |

The TREAT experiments will be concerned primarily with evaluation
of the quantity and character of released radicactive fission products,

especially Y31I.

To provide background information for design of the
experiments and analysis of results, a literature survey has been under-
taken. The main objective is to look for correlation between fuel op-
erating conditions, the "diffusion" release of short half-life isotopes,
and the release of stable fission gases. Much work has been done on the
release of stable fission gas under normal fuel operating conditions,

but there is little agreement on correlation or prediction. The only



study of short half-life isotopes was made with continuous sweep experi-
ments, usually at low burnup and low temperature.

In our attempt to correlate the release of radiocsctive and stable
fission gas with U0, fuel operating conditions, we are examining the use
of the "classical" diffusion release equations developed by Booth and
1,2

Rymer and also by Beck.? These equations describe the release of both

radioactive and stable fission gas. The ecuations are

F o= AND/ Sy and F o= B\/'Df/x

for small fractional release of stable and radioactive Iission products,
respectively. Figure 1.2 is a grarh of the two pertinent equations. It
is now known that fission-gas release, especially at high temperature,
is dependent on a variety of parameters, such as burnup, grain growth,
trapping, bubble migration, and possibly temperature cycling. However,
we believe that the time dependence and radiocactive decay dependence de-
scribed in the diffusion equations may be valid, and we are therefore
examining the use of a fission-gas release parameter, D/, whose tempera-
ture dependence is empirically determined. In agreement with Evans® we
will call the parameter D/ (empirical), and it is to be substituted for
D/a? or D/ in the "classical” diffusion eguations.

The temperature dependence of fission-gas release in capsules and

fuel rods has been described in a variety of ways. Examples of tempera-

ture-equivalent parameters used to correlate fractional fission-product

1A, H. Booth and G. T. Rymer, Determination of the Diffusion Con-
stant of Fission Xenon in U0, Crystals and Sintered Compacts, Canadian
Report CRDC-720, August 1958.

2J. Belle (Ed.), Uranium Dioxide: Properties and Nuclear Applica-
tions, p. 436, U.3. Government Printing Office, Washington, 196l1.

33. D. Beck, The Diffusion of Radioactive Fission Products from
Porous Fuel Elements, USAEC Report BMI-1433, Battelle Memorial Institute,
Apr. 18, 1960.

“D. M. Evans, The Use of a Parameter to Characterise the Release of
Stable Fission Gases in Sealed Pins Operating in Power Reactors, British
Report TRG-969(W), 1965.

2
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5

release are volumetric average fuel rod temperature,” maximum fuel rod

volumetric average temperature,6 the thermal conductivity integral

c

f‘ K d6 at end of experiment,7 and the integral J;;o K do averaged over
the and length of rod.® +

The choice for our first attempt at determining D’/ (empirical) wes
to use the release of stable fission gas in capsules and fuel rods as re-
ported by ARCL.8"Y2  We chose the AECL work because of the large number
of carefully conducted and well-reported experiments. The temperature-
equivalence we chose is the average linear power, which was easily ob-
tained from most of the AECL reports. This average linear power can be
obtained for other irradiations by using burnup data and time at power
and by assuming heat output of 182 Mev per fission. A small correction

was made for density differences based on Ref. 12. The resulting D’

(empirical ), which will be referred to as Dy, is correlated with average

°M. D. Freshley and F. W. Panisko, The Irradiation Behavior of UOz-
Pu0,; Fuels in PRTR, USAEC Report BNWL-366, Battelle Northwest Labora-
tories, March 1967.

6J. P. Hoffmen and D. H. Coplin, The Release of Fission Gases from
Uranium Dioxide Pellet Fuel Operated at High Temperatures, USAEC Report
GEAP-4596, General Electric Company, September 1964.

"R. C. Nelson, D. H. Coplin, M. F. Lyons, and B. Weidenbaum, Fission
Gas Release from UQz Fuel Rods with Gross Central Melting., I. Pellet
Fuel, USAEC Report GEAP-4572, General Electric Company, July 24, 1964.

8R. D. MacDonald and G. W. Parry, Zircaloy-2 Clad UOp Fuel Elements
Irradiated to a Burnup of 10,000 Mwd/Tonne U, Canadian Report AECL-1952,
January 1964.

°M. J. F. Notley, A. S. Bain, S. Ananthakrishnan (Atomic Energy Es-
tablishment, Trombay, India), and G. W. Parry, Zircaloy Sheathed UC, Fuel
FElements Irradiated at Values of [ Kd9 Between 40 and 83 W/cm, Canadian
Report AECL-1676, December 1962.

104, g, Bain, J. Christie, and A. R. Daniel, Trefoil Bundles of NPD
7-Element Size Fuel Irradiated to 9100 Mwd/tonne U, Canadian Report CRFD-
1179 or AWBCL-1895, January 1964.

'R, D. MacDonald and A. S. Bain, Irradiation of Zircaloy-2 Clad U0z
to Study Sheath Deformation, Canadian Report AFCL-1685, December 1962.

M. g, F. Notley and J. R. MacEwan, The Effect of U0, Density on
Fission Product Gas Release and Sheath Expansion, Canadian Report AECL-
2230, March 1965.



15
linear power in Fig. 1.3, D{ is the empirical fission-gas release pa-
rameter for stoichiometric U0z, 93.5% of theoretical density, with burnup
greater than 380 Mwd/T, derived from a correlation of released stable
fission gas with average linear power based on burnup, time at power, and
182 Mev per fission. The capsules were subjected to temperature cycles,
but the operating power was reasonably constant for the duration of the
experiment.

The method for determining D{ for each point was to find Dit from
Fig. 1.2, divide by irradiation time at power, and apply a small correc-
tion for U0, density. Actually the density correction should more logi-
cally be applied to the linear power.

The results are quite gratifying because good agreement is obtained
over a large range of time, burnup, and density. Note that the present
linear power correlation is good only for "normal'" fuel-to-cladding con-
ductivity. An approximate volumetric-average temperature scale is in-
cluded at the top of Fig. 1.3 for rough comparison.

The next step is to apply D{ to the radioactive fission gases that
are in production-decay equilibrium. As an example, a section of fuel
rod operating at 18.3 kw/ft (600 w/cm) would have a Di of about 2 x 1079
sec™ (from Fig. 1.3). The fraction of 33Xe (A = 1.52 X 107% sec™!) in
the fuel rod void spaces would be 0.11 or about 11% (from Fig. 1.2). If
iodine fractional release is twice that of xenon,13 then D{ for iodine
would be 4(2 X 107?), or 8 x 107% sec™®, and the fraction of 3T (A = 107°
sec‘l) in the fuel rod voids at production-decay equilibrium would be
about 27% (Fig. 1.2) for the above example. It is not possible to check
this estimate because very few experimental values are available on the

release of short half-life fission products from high-burnup fuel,

13G. W. Parker and R. A. Lorenz, ORNL Nuclear Safety Research and
Development Program Bimonthly Report for May—June 1967, USAEC Report
ORNL-TM-1913, p. 6, Oak Ridge National Laboratory, July 1967.
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1.3 BEHAVIOR OF FISSION PRODUCTS DURING IN-PILE
DESTRUCTION OF REACTOR FUELS

(AEC Activity 04 60 10 01 1)

S. H. Freid B. F. Roberts

Evaluation and interpretation of the results of the first ftwo con-
tainment vessel experiments, previously re};:orted,l’2 has been delayed be-
cause of incomplete analytical results. The icdine data from the May
vacks used in the second experiment are relatively complete and are given
in Table 1.2 and plotted as a function of time in Fig. 1.4. The corres-
ponding information for experiment 1 was reported previously.l The second
experiment differed from the first only in the temperature in the contain-

ment vessel, 103°C versus 40°C. 1In both cases dry air was present in the

o, z. Miller, Jr., et al., ORNL Nuclear Safely Research and Develop-
ment Program Bimonthly Report for March-April 1967, USAEC Report ORNL-TM-
1864, p. 10, Oak Ridge National Laboratory, May 1967.

2C. E. Miller, Jr., S. H. Fried, and B. F. Roberts, ORNL Nuclear
Safety Research and Development Program Bimonthly Report for May—June
1967, USAEC Report ORNL-TM-1913, p. &, Oak Ridge National Iaboratory,
July 1967.

Table 1.2. Todine Distribution in May-Pack Components
After Second In-Pile UQ; Meltdown Experiment

May-pack sampler number 1 2 3 4 5
Time sample taken, hr® 0.95 3.12 6.15 7.57 10.35
Todine distribution,? (A/Ag) X 100
Absolute filter (F-700) 4.63  2.15 0.49 0.72 0.56
Silver screens 2.47 5.09 10.12 5.78  9.09
Charcoal Tilter papers 2.34 3.22 4.11 7.63  12.87
Charccal filter beds 242  2.23 2.33 3.16 2.52

a_. .
Time after containment vessel wag removed from the reactor.

A = iodine activity on component
Ap = total iodine activity in May packs at tg (from extrapolation).
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furnace area and in the containment vessel. These results indicate that
the iodine species desorb from the hot (103°C) containment vessel surfaces
and change to a more penetrating form upon aging. Some modification of
the containment vessel has been necessary during this period to separate

the secondary from the primary off-gas systems.
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2., WATER RFACTOR PROGRAM — ENGINEERING SAFEGUARDS
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2.1 MODEL TESTS OF NATURAL TRANSPORT PHENOMENA
(AEC Activity 04 60 80 01 1)

L. F. Parsly J. K. Franzreb
J. L. Wantland

The Nuclear Safety Pilot Plant (NSPP) is a facility for studying
the behavicr of fission products in a containment vessel on a pilot-
plant scale. A 10-ft-diam by 15-ft-high model containment vessel is
used for the studies, which include studies of both natural transport
effects and countermeasures.

The principal effort during the current reporting period has been
on the spray test experiments, which are reported separately. Work on
this program has included completion of the analytical chemistry and
data reduction for NSPP run 19 and further development of a computer
program for analysis of thermal convection currents in a closed cylin-
drical bank.

NSPP run 19 was an experiment in which elemental iodine was released
into dry air at room temperature in the model containment vessel. The
vessel atmosphere was stirred continuously by means of an electric fan
(3000-cfm rating). The time-dependent behavior of the iodine was studied
over a period of 70 hr. Table 2.1 presents the data collected by the
three May-pack clusters used in the run. Eleven of the May packs were
used to collect samples, and one (No. 4) was left as a blank. For this
May pack, the number printed as "concentration" is the total activity
collected. The principal significance of the blank sample data in this
run is that, except for the impregnated charcoal beds (which collect al-
most nothing) and the check valves, the activity on the components of the
May packs that took samples exceeds that on the corresponding blank sam-
pler components by a factor of 10 or more. This means that even in the
later stages of the experiment, the values reported are significantly
above background.

The data from this run appear to indicate that significant methyl
iodide formation occurred. The data for the concentration of the iodine
fraction collected by the charcocal beds in the May packs are plotted ver-

sus time inFig. 2.1. Presumably the iodine fraction collected is organic
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iodide. The concentration increased by a factor of 4.5 during the first
12 hr and then started to decrease. The methyl iodide formed amounted
to about 2% of the iodine present in the MCV atmosphere at time zero or
about 1% of the iodine supplied for the experiment.

In Fig. 2.2 we have plotted the normalized concentration of iodine
(C/CO), excluding the charcoal-seeking fraction, versus time for run 19
and for run 18, which was similar except that forced circulation was im-
posed for the first 10 min only. The run 19 data fit the model of re-
versible adsorption with partial wall coverage proposed by Watson, Perez,
and Fontanal using k, = 6 X 10773 cm/sec and @ = 0.004 in their Eq. (7).

The run 18 behavior is more complex; 1t does not appear to fit the
above model, nor does it fit a molecular diffusion model.

The computer program was briefly described in the preceding report

in this series.?

P}

During the present repcrting period we decided to or-
ganize the program as a series of subroutines called by a relatively
short master program. This will facilitate cowmpiling the several sec-
tions of the calculation and allow the critical sections to be optimized
more readily. The calculation subroutines have all been written and com-
piled and some short test cases have been run. Some input and output

routines still have to be written.

6. M. Watson, R. B. Perez, and M. H. Fontana, Effects of Contain-
ment Size on Fission Product Behavior, USAEC Report ORNL-4033, Oak Ridge
National Laboratory, January 1967.

L. F. Parsly, J. L. Wantland, and J. K. Franzreb, ORNL Nuclear
Safety Research and Develooment Program Bimonthly Report for May-—June
1967, USAEC Report ORNL-TM-12913, p. 18, 0ak Ridge National Laboratory,
July 1967.
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2.2 SPRAY AND POOL-SUPPRESSION TECHNOLOGY PROGRAM
(AEC Activity 04 60 80 01 1)

T. H. Row, Coordinator

The spray and pool-suppression technology program now includes work
on literature reviews, a survey of additives for possible use as sprays,
corrosion tests, single-dropwind-tunnel studies, scale-model engineering
tests, a study on removal of fission products in a pressure-suppression
type of containment, and radiation stability of solutions. Close liaison
is maintained with the nuclear industry so that the program covers the
practical engineering aspects of the application of spray technology to

nuclear facilities.

Behavior of Fission Products in Gas-Liguid Systems
(B. A. Soldano, W. T. Ward)

The use of additives to improve the efficiency of aqueous spray sys-
tems in removing iodine and related iodides raises the question of what
effect pH has on this process. A single-drop wind-tunnel study was com-
pleted in which the effects of pH variation on both the mass transport
coefficients and the distribution coefficients of CH3I into a 1 wt %
solution of NapS5203 were examined.

The single-drop experimental procedures and method of data analysis
remain identical to those described in the May—June bimonthly report,
with the dreop radius being fixed as before at 0.21 cm. The sole variable
in this study was pH. The solution pH was adjusted by the addition of
0.3 wt % H3B03 to the 1% NapSp03 solution to give a pH of 5.8. Further
acidification to a pH of 4.0 was achieved by the addition of HCl. The
result obtained at a pH of 6.1 with 1% NapSs03 was reported in the pre-~
vious bimonthly report. The basicity variations were made by the addi-
tion of NaOH to the NasS,03—H3BO; solution.

The distribution coefficients, Kg, of CH3T between the aqueous and

gas phases were calculated as follows:

miliimoles CH3I millimoles CH3T

per cc solution per cc gas



Both the kinetic and distribution effects of pH on the adsorption
of CH3I are shown in Figs. 2.3 and 2.4. It may be noted on Fig. 2.3 that

the mass transport coefficient, v of CH3I rises sharply as the system

s
is made basic. The maximum Vi vaiue at pH 7 is about 9 times higher than
the minimum obtained at pH 5.8.

Significant insight into one of the primary processes controlling
the mass transport of CH3I into water is obtalned by a comparison of the
Ve values at 26 and 40°C and a subsequent calculation of the energy of
activation required for the process. The experimental fact is that the
energy of activation at a pH of 7 and higher is approximately zero; this
reflects a temperature insensitivity of the CHsI mass transport process.
In the acidic range, however, the Ve valueg increase with temperature.
The energy of activation on the acidic side is approximately 10,000 cal
based on measurements at four temperatures (26, 34, 40, and 47°C) at =a
pH of 5.8. No detailed measurements were performed at a pH of 4.0 be-
cause the solution is unstable.

It has been postulated by Franck and Haber®t

that the primary step
in the photolysis of CH3I in water is the ionization of water. Since
acidification inhibits the ionization of H»0, an activation energy of
10,000 cal (comparable to the electrical free energy required to ionize
water) would be expected if the Franck mechanism is involved. On the
basic side, the water is already ionized, so no additional energy is re-
quired to make the photochemical reaction proceed {temperature insensi-
tivity being a common characteristic of this type of reaction).

A direct test of the role of the photon was conducted by measuring
in the absence of light the mass transfer of CHi3I in l% NasS:03 at pH 7.3,

and T = 26°C. The resultant value of 1.73 x 1072 en/sec (Fig. 2.3) is

definitely lower than the mass transfer coefficient obtained under iden-

tical conditions, except for the existence of a Tluorescent light source.
The study of pH dependency thus leads to the conclusion that photoly-

s8is, as well as pH, may well play a role in the process of alkyl halide

mass transfer into water. Moreover, since the pH dependence of the

1J. Franck and F. Haber, Sitz-Preuss Akad. Wiss., p. 250, 1°31.




30

ORNL—DWG 67-8513

36 [——— o 26°C —
* 40°C

28 o
24

o

vy x102, MASS TRANSPORT COEFFICENT (cm/sec)

o8 1 | ‘ \

04 ——" — ———!»\ S

Fig. 2.3. Effect of pH and Temperature on the Mass Transport of
CHs L.



31

ORNL-DWG 67-8512

o
/.

36 r\
32

20 [

CONC CHyI iN TUNNEL GAS

CONC CH3I IN LIQUID

12

Ky

08 |

04

pH

Fig. 2.4. Distribution of Methyl Todide as a Function of pH and
Temperature.



32

equilibrium distribution coefficients (Fig. 2.4) alsc roughly parallels
that of the mass transport coefficients, from both a kinetic and thermo-
dynamic standpoint, it appears that a pH of 7 or higher provides the most
sultable environment for absorbing CH3I. Since these effects are large,
it appears that buffering the spray system to insure alkalinity may well

be advisable.

Spray Program in the Nuclear Safety Pilot Plant
(L. F. Parsly, J. K. Franzreb)

Analytical Studies. A thorough review of the chemical engineer-

ing literature applicable to the spray program was made, and a memoran-
dum summarizing the salient features was drafted. The study confirms

the coneclusion that absorption of Iz into reagents is gas-film controlled
(we calculated that this would be true for any Ip concentration below
20,000 mg/m> if 1% sodium thiosulfate solution were used). Likewise,
because of & highly favorable distribution coefficient, absorption of

HI into water is gas-film controlled (at 25°C the distribution coeffi~
cient for HI is 9.2 x 10%).

On the other hand, the data for methyl jodide absorption indicate
that liguid-phase diffusion and reaction kinetics are involved in de-
termining its removal by sprays; the reported rates are significantly
less than those expected for a gas-film controlled reaction but substan-
tially higher than expected for transfer into a rigid drop in the liquid
phase. It appears that both circulation of the liquid inside the drop
and chemical reaction are contributing to the increase above the rigid
drop rate.

Experimental. Three runs (NSPP runs 20-22) were made to test removal

of elemental iodine from the model containment vessel atmosphere by sprays.
The first two used 0.5 wt % NazS203 and 1.4% H3BO3 solution, while the
third used 0.9 wt % NazSp0s3, 1.4% H3BOs3, and 0.6 wt % NaOi.

All three runs were made al room temperature and approximately 3 psig
with a spray header containing 12 Spraco J-140D jewelled-orifice misting
nozzles. These have 0.04-in.-diam orifices and a rated delivery of 2.5
gph each at 50 psi or 3.4 gph at 100 psi. The manufacturer reported that

these give a mean drop diameter of 100 p.
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In run 20, we succeeded in vaporizing only 10% of the available io-
dine into the MCV. In our judgment, this introduces & number of uncer-
tainties in the results, and this run should be discarded.

In both runs 21 and 22 we have been able to get excellent checks on
the half-time for lodine removal between data on the decay of gamma-ray
activity in the MCV and the buildup of gamma-ray activityvin the spray
solution, which was collected in a pool in the bottom of the model con-
tainment vessel. The pool water was continuously circulated past a scin-
tillation counter. The half-time was 34 * 2 sec. Figure 2.5 presents
typical data.

This half-time is substantially greater than that predicted for 100 p
drops at the flow rate used in these runs (2.5 sec). A possible explana-
tion is that the true drop size is larger than the reported value. The
observed half-time is consistent with a drop diameter of 275 u.

The high-pressure spray solution holdup tank required for carrying
out spray experiments at elevated temperature and pressure is now being
installed. FExperiments with nozzles of the type being proposed for con-
tainment building spray systems and covering a range of pressures and

temperatures will start about September 1.

Radiolysis Studies (H. E. Zittel)

A study of the effects of high-energy radiation on wvarious proposed

T ¢0co gamma radia-

spray solutions was initiated. To date, the effects o
tion on the various components of the Naz5303-boric acid system have been
under study. The rédiolytic effects are being followed by (1) change in
I, equivalence of the irradiated solutions, (2) change in pH, (3) measure-
ment of radiolytic Hp, and (4) identification and measurement of radioly-
tic solids. The effect of change in dose rate and total dose on these
parameters is being established. The data obtained to date are presented

in Table 2.2.
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Table 2.2.

Preliminary Results of Radiolysis Studies

s pH After AP Equivalence
S;i;g;;n ?;?e Irradia- (I, eguivalence Destroyed Solids
tion per liter)®
1 1 wh % NapSs03, 9 X 107 9.2 —6.0 X 1077 ~0.1 None detected
3000 ppm B, 1 x 107 9.1 -1.7 x 10773 -2.6 None detected
0.153 m NaOH, 2 X 107 9.0 -1.3 x 1073 -2.1 None detected
pH 9.2 5 x 107 8.9 +9.0 X 1073 13.9 None detected
3000 ppn B, 9 X 10° 9.3
0.153 m NaCOH, 1 X 107 9.3
pH 9.3 2 x 107 9.2
5 x 107 9.2
Distilled Hp0, 5 X 10° 6.2
PH 6.1 1 x 107 6.1
2 x 107 6.0
5 x 107 5.9
3000 ppm B, pH 9 X 10° 4.7
4.6 1 x 107 4.7
2 x 107 4.6
5 x 107 4.5
1 wht % NazS»05, 9 X 10° PV +1,2 X 1073 1.3 None detected
3000 ppm B, pH 1 X 107 3.8 +8.0 x 1073 0.8 None detected
4.9 2 x 107 3.7 +15.7 X 1073 0.8 Solids present
5 x 107 3.6 +36.5 x 1073 0.7 Data not available

at present time

a . o aa .
A negative value indicates an incresse

of I, eguivalence on radiation.

Ge



2.3 HIGH-EFFICTIENCY AIR FPILTER ENGINEERING MANUAL
(AEC Activity 04 60 80 01 1)

C. A. Burchsted A. B. Fuller

The high-efficiency air filter engineering manual is being prepared
to provide a guide for engineers and architects to the requirements for
and design of air-filter systems that require the use of HEPA filters.
Chapters 1 through 5 have been issued for review and some revisions have
been made. However, response to the review request has been disappoint-
ing; no written comments have yet been received from the AEC. Prepara-

tion of the remaining chapters continued.
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2.4 CHARACTERIZATION AND RELEASE TECHNOLOGY
(AEC Activity 04 60 80 01 1)

R. E. Adams

Investigations are being made of the characteristics of those fis-
sion products likely to be released in nuclear accidents, and their be-
havior and methods for control are being studied under the various con-

ditions that would be expected in accidents in water-cooled reactors.

Removal of Iodine by Solid Sorbents (R. D. Ackley, Z. Combs,
F. V. Hensley)

Current emphasis i1s on the trapping of elemental radioilodine and
radicactive methyl iodide by commercial lodized charcoals. Activities
during this period included (1) determination of I, removal efficiencies
for iodized charcoals at high loading and high relative humidity, (2) con-
tinued investigation of loss of impregnant by iodized charcoals at ele-
vated temperatures, (3) additional CH;22'I removal tests on samples of
"weathered" charcoal, and (4) testing of impregnated silica gel in con-
nection with an effort to develop a noncombustible agent for CH313II
trapping.

Because iodized charcoal contains one or more iodine-containing sub-
stances, the question has been raised as to whether or not the capacity
of such charcoal for elemental lodine has been reduced to a low and thereby
dangercus level. Accordingly, this guestion is being investigated and
some results have been obtained. In these initial tests, extremely high
loadings of I, were employed for the reason that if the charcoals per-
formed well at these high loadings, their performance (toward I, ) at lower
loadings (of I,) would be satisfactory. Four tests were completed. The
I> loadings on the charcoal, as based on the amount of charcoal in a 2-in.
depth, were varied from test to test within the range of 3 to 7 wt %. The
variation in I, removal efficiency within this range of loading was not
pronounced. Some of the other pertinent test conditions were 25°C, 40
fpm, approximately 96% relative humidity, and I, injection time of § to
15 hr followed by continued air sweep for at least 9 hr. Averages of the

I, removal efficiencies are given in Table 2.,3.  The first two listed
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Table 2.3. Average JTodine Removal Efficiencies of
Three Types of Charcoal

P o
Type of Lot I, Removal Efficiency (%)
Charcoal No. For l-in. Depth For 2-in. Depth

MSA 85851 930662 99.92 99.95

BC-727 01345 99.93 99.94

Experimental (2%)° 47672 99.93 99.95

aORNL assigned lot number.

bIg loading.

types of charcoal are commercial materials and the third (also commercial
in orgin) is similar to BC-727 but iodized to a lower degree of impregna-
tion.

As may be noted, all three charcoals exhibit excellent I, trapping
capability under the conditions cited. Additional tests will be conducted
in which bulk-phase condensation of water will be induced in the charcoal.

Observations made elsewhere showed that iodized charcoals emit impreg-
nant in the form of I, upon heating to temperatures well below their
ignition temperatures. This may constitute a serious problem because of
a possible loss 1in effectiveness and/or evolution of radioactivity if the
charcoal had previously been used to trap radicactive Iy or CHs3I. Con-
sequently, an experimental program to study the evolution of radioactivity
from impregnated charcoazls so exposed was initiated. ©Some initial re-
sults were reported in the previous bimonthly reportl for temperatures of
100, 150, 200, and 260°C. Subsequent work indicates that the quoted tem-
peratures are in error and that the average temperatures should be ap-
proximately 85, 135, and 185°C. The 260°C tests, however, were performed
in a revised and improved apparatus, and the quoted temperature is cor-

rect. Additional tests of this type are being continued, and in one set

I1R. E. Adams et al., ORNL Nuclear Safety Research and Development
Program Bimonthly Report for May—June 1967, USAEC Report ORNL-TM-1913,
pp. 9-12, Oak Ridge National Laboratory, July 1967.
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of experiments performed to compare the behavior of BC-727 and the experi-
mental charccal listed in Table 2.3, the latter was observed to be con-
siderably less susceptible to loss of radicactivity on heating. Results
for these and other types of charcoal are to be detailed in subsequent
reports.

A limited amount of data obtained previously had indicated that sub-
Jecting impregnated charcoal to continued humid air flow caused some re-
duction in CH3131I removal efficlency. In order to investigate this point
further, two separate groups of iodized charcoal samples (type MSA 85851)
are being weathered. One group is being exposed to ambient air from the
Qak Ridge Research Reactor (ORR) building with the approximate operating
conditions being 20 fpm, 78°F, and 50% relative humidity. The other group,
located in the laboratory, is exposed to clean humidified air; approxi-
mate operating conditions are 40 fpm, 78°F, and 50% relative humidity.
Periodically individual samples are withdrawn from the weathering setups
and tested for CH3'3'I retention under the following conditions: 25°C,

40 fpm, 65% relative humidity, and approximately 1 mg CHsI injected per
gram of charcoal. Results thus far obtained are summarized in Table 2.4.

The decreases noted in Table 2.4 appear to result from the flow of
humid air rather than aging, since tests on unexposed samples of the same
pateh of charcoal over the time period involved have not as yet revealed

a significant effect due to aging. While certain trends are indicated

Table 2.4. CH33)I Removal Efficiency of
Weathered Charcoal

CH3131I Removal

Expgsure . Efficiency for a
Time Location .
2-in. Depth
(months ) o
(%)
0 99.3
3 ORR building 98.4
6 ORR building 97.1
3 Laboratory 28.9
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by the results in Table 2.4, it is probably too early to draw firm con-
clusions.

Two different grades of high-surface-area silica gel were impregnated
with 3 wt % KI + I in 2 2:1 molar ratio. These agents tended to evolve
I, on standing, but fresh samples did exhibit some CH31311 removal capa-
bility under dry conditions. In tests at 40 fpm and less than 3% relative
humidity and with approximately 0.3 mg CHsI injected per gram of impreg-

1317 removal efficiencies of approximately 10% were

nated silica gel, Cls
observed for 2-in. depths. Under the more humid conditions of actual
interest, even lower efficiencies are anticipated. This particular ma-
terial therefore does not appear to represent an effective noncombustible

trapping agent.

Filtration of Solid Aerosols (R. J. Davis, J. S. Gill,
J. Truitt, W. D. Yuille)

Continuation of the measurement of filter efficiencies of high-effi-
ciency filter media with electric-arc~generated stainless steel—-UO, aerosol
has provided the following information.

A series of 12 tests of one filter paper under the same conditions
(i.e., aercsol in dry air and at a linear velocity of 5 fom) was per-
formed to demonstrate precision of the test method. Except for one low-
efficiency value, the average was 99.97%, the average deviation from the
average was 0.01%, and the extreme deviation was 0.02%. It is indicated
that the irrational errors of the method amount to 0.0l% on the average.

It was decided in future experiments that four measurements of each con-
dition should be made to enable us to confidently discard occasional very
low values.

A series of tests was run with each of five different samples of fil-
ter media (each of which is claimed to be at least 99.97% efficient with
DOP aerosol of particle size 0.3 p or greater) at linear aerosol veloci-
ties of 3.5, 5, 7.5, and 10 fpm, with the test aerosol in a water-saturated
atmosphere at room temperature. At the rated linear velocity of 5 fpm,
three of the papers were 99.97% efficient and two were 99.92 to 99.93%

efficient. Filter efficiencies were not much affected by velocity from
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3.5 to 7.5 fpm, but efficiencies were significantly decreased at 10 fpm,
namely, to values ranging from 99.95 to 99,12%.

Exploratory tests in which the filter medium was wetted with water
resulted in very low, but erratic, filter efficiencies. It is indicated
that the previously noted deleterious effect of humidity on filter ef-
ficlencies is an effect of liquid water on the filter medium.

A program is being established that will characterize aerosols of
interest. An experiment is now being assembled that will enable us to
study processes such as coagulation, diffusion, and settling as a function

of turbulence, initial aerosol concentration, and humidity.

Size Classification of Submicron Particles (H. Buchholz)

The lower limit of size classification in the cascade impactor, as
it is normally used, is particles of 0.5 y diameter. In nuclear safety
research, smaller particles that remain airborne for a long time are im-
portant. We have considered the slip of particles under reduced pressure
as a way to extend the lower limit of the cascade impactor down to at
least 0.01 p., It was found by calculation that the Andersen sampler, a
six-stage cascade impactor, would be adequately efficient in classifying
particles in the range 0.01 to 1 u if an air flow rate of about 8
liters/min and an internal pressure of about 40 mm Hg was maintained.
Therefore, experimental work was started with an Andersen sampler to con-
vert it to a low-pressure device with a backup filtration systen.

The first verification of the high efficiency for small particles
under low pressure was atbained with a CsNO; aerosol tagged with 37Cs,
Pifty percent of all depcsited material was found on the fourth stage at
40 mm Hg, and only 0.05% penetrated to the backup filter, whereas at 750
mm Hg, 99% of the material passed through the backup filters. This indi-
cated high penetration of the particles under ordinary pressure.

Another cascade impactor (in addition to the Andersen sampler) de-
signed for low-pressure operations was constructed to provide lower pres-
sure drops, greater ease of decontamination, and faster sample plate ex-
change. Hole diameter and hole numbers were calculated according to a

desirable increase in Dsg (particle diameter of 50% deposition efficiency)
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by a factor of 3 from stage to stage with particles having a density of
6 g/em’.

A particle generator was developed to produce NaCl particles from a
nearly saturated atmosphere. This was accomplished by evaporating a solu-
tion of NaCl tagged with 24Na onto quartz wool that had the appearance
of cotton and heating it at 800°C with air flowing at 400 cm/min. The
mass concentration of the particles downstream from the generator was
found to be constant within a few percent during several hours. Because
this generator produced particles with a constant size distribution and
constant number concentration, the effect of varying the sampler operating
conditions could be readily determined. The first tests ol the samplers
using the NaCl particle generator with 24Na tracer disclosed a reasonable
material distribution among the stages and on each sample plate.

When the sampler is used to classify particles under simulated re-
actor accident conditions, adsorbable gaseous fission products such as
iodine may be present, as well as particulate fission products. This
would interfere with the proper operation of the sampler, since molecular
iodine would adsorb on the sample plate by a diffusion mechanism. For
sampling particulates, it is important that the particle sampler collect
only the matter settling on the sample plates by impaction. Three siiver
screens placed in the gas stream near the entrance of the first stage
were very efficient in reducing the gaseous iodine concentration. The
sample plates showed less than 0.7% of the iodine activity collected by
the screens, and in another test with NaCl particles, only 1.5% of the

particle activity was retained by the screens.



2.5 SEPARATION OF NOBLE GAS FROM AIR USING A
PERMSELECTIVE MEMBRANE

(AEC Activity 04 60 80 01 1)

R. H. Rainey

Laboratory experiments are being run to evaluate the use of thin
(M-mil) sheets of dimethyl silicone rubber membrane for the separation
of noble gases from air in case of a reactor accident. The permeability
of xenon through a 1.75-mil-thick dimethyl silicone rubber wmembrane was
measured by using mixtures of stable xenon and 133%e tracer and either
oxygen or nitrogen (total xenon concentration, less than 0.5%). Contrary
to accepted theory, the permeability of the xenon was different when it
was mixed with oxygen than when it wag mixed with nitrogen. When the Xenon
was mixed with oxygen, the xenon permeability decreased from about 81 at
a pressure drop of 25 psi to about 61 at a pressure drop of 125 psi (Fig.
2.6). Permeability is measured in ml/sec X thickness [em/area (em?)] X
[lOg/AP (ecm Hg)]. The corresponding permeabilities of xenon in nitrogen
were 48 at 25 psi and 46 at 125 psi (Fig. 2.7). The permeabilities of
the oxygen and nitrogen in these experiments agreed closely with previ-
ously determined values.

Alsc, in contrast to accepted theory, the permeability of xenon de-
creased with an increase in product cut (flow rate of gas through the mem-
brane versus flow rate of the gas in the feed stream). For xenon in ni-
trogen at a pressure drop of 25 psi, the permeability of the xenon de-
creased from about 82 at a product cut of 10% to 40 at a product cut of
70% (Fig. 2.8). Very similar data were obtained at a pressure drop of
75 psi. The above measurements were made with a 50% product cut.

A1l previous measurements, including those used in engineering calcu~
lations for an advanced waber-cooled reactor, were made with a 33 to 50%
product cut. Since these values were obtained at approximately the con-
ditions of the conceptual plant, the design and the cost caleulations of
the plant will not be altered substantially by these new values.

If a permselective membrane is used to separate xenon and krypton
from air, the size of the process cascade will largely be determined by

the separation of krypton from oxygen. We have proposed that the oxygen
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be removed by burning either hydrogen or carbon and then removing the
water or carbon dioxide products. After this treatment, the argon origi-
nally present in the air becomes a major factor in the separation.

The permeability of argon through a dimethyl silicone rubber mem-
brane has been reported to be the same as that for oxygen; these results
have been confirmed in our experiments. As previously reported, the per-
meabilities of all the gases measured decreased slightly with pressure.
At a 25-psi pressure difference across the membrane and with a 50% prod-
uet cut, the permeability of both oxygen and argon were 32.2. At 150
psi, they were 24.5 (Fig. 2.9). The permeability of nitrogen was in
agreement with previous measurements: 14.8 at 25 psi and 11.3 at 150 psi.

The thickness of the silicone rubber membrane used in these experi-
ments was measured with a microscope to be 1.75 mils, in agreement with
the value reported by GE. A sheet of the membrane that was 2.13 mils
thick expanded to 2.84 mils and became brown after being exposed to air
saturated with methyl iodide for about a month but did not appear to be

otherwise changed.
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2.6 ANTISEISMIC DESIGN OF NUCLEAR FACILITIES
(AEC Activity 04 60 80 01 1)

R. N. Lyon

ORNL has been assigned the responsibility of a coordinating group
to assist the Commission in the planning and execution of a program lead-
ing to the development and model testing of antigeismic design for nuclear
facilities. The initial approach 1s to employ a number of architectural
firms to attempt to develop a basis for a seismic design technology. The
purpose of these studies will be to estimate the ability of current reac-
tor designs to accommodate differential ground displacement and to make a
preliminary study of the practical degree to which current designs can be
modified with current engineering practice to accommodate more extensive
ground displacement.

As of September 1, 1967, subcontracts will be in effect with four
engineering concerns to study four concepts for preventing reactor safety
system fallures due to ground shaking or differential ground displacement
at a reactor site. The contract with Holmes and Narver has been in ef-
fect for three months and is aimed at determining the cost of engineered
substrates between the reactor system foundations and the ground and the
benefits and limitations of using such substrates. In the first two
months, studies were made of two hypothetical sands of differing density
and internal friction. The width of supporting sand bands due to vertical
faulting was estimated for the twe sands for two fault locations, one at
the edge of the 140-Tt-diam containment base and one along the diametber.
It appears feasible to strengthen containment vessels to resist up to 6-ft
vertical differential displacement. An empirical formula obtained by Rowe

and Parker (Ceotechnique, 1965) was used to approximate the load on a cy-

lindrical wall for the case of a medium dense sand. Present Indian Point
IT containment walls appear to be capable of withstanding a 6-in. horizon-
tal displacement with the addition of steel to resist both meridional and
hoop out-of-plane stress.

Kaiser Engineers plans to investigate the practical limits in unit-

izing and strengthening reactor systems to resist faulting and shaking.
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Daniel, Mann, Johnson, and Mendenhall are studying the cost of support-
ing the entire plant in water to take care of tsunamis, seiches, and
other wave problems. One hull concept involves air cushions to mini-
mize transmission of pressure waves (seaquakes). A major anchoring prob-
lem results from the possibility of a large fault under the hull that
would cause rapid water flow. Another prcblem is the large displacement
of the hull. Bither a very broad hull would be required or a draft of
more than the 30-ft depth specified for the offshore case.

Burns and Roe are developing the concept of partial or total sup-
port of the reactor containment in a slurry or suspension. They have
discussed the problem with drilling-mud manufacturers and with other ex-
perts on slurries and non-Newtonian fluids. The problem of maintaining
the desired homogeneity, concentration, and physical properties may be
more difficult than that of obtaining them initially. A mud with a fi-
nite yield strength will have limited leakage and ultimately a zero leak
rate at steady state out of the cracks formed by faulting, provided the
crack width is not more than two times the yield stress divided by den-
sity. Fibers, chopped plastic sheet, and other coarse plugging particles
are often added to drilling muds to further reduce the penetration cf the

muds into cracks.
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3. 1LOFT SUPPORT WORK
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3.1 LOFT ASSISTANCE IN OUT-OF-PILE FUEL MELTING EXPERIMENTS
(AEC Activity 04 60 50 05 1)

G. W. Parker W. J. Martin

The scope of the ORNL support program for LOFT is being altered to
reflect the recent change in LOFT objectives. The major fission-product
release mechanism applicable to the new LOFT blowdeowr model is expected
to be the prompt release of cladding-gap activity with cladding failure
following depressurizabion. The release process should then be inter-
rupted by the injection of emergency core cocling water, which will gen-
erate sufficient steam to provide the major method of fission-product
transport through the pressure vessel. Deposition of fission products
from the steam, in addition to the washout from the spray, will reduce
the release to the containment. These phenomena therefore become areas
of investigation.

The main objectives of the reoriented ORNL LOFT assistance program
in fission-product behavior in support of the Emergency Core Coolant
Systems Test are (1) to determine in pilot-plant scale the effect of
injection of the emergency core coolant on the fission~product release
and transport from fuel rods with failed cladding; (2) to study, with
irradiated capsules, the parameters that control the release of volatile
fission products from the failed cladding and to determine on a larger
scale (in the Containment Research Installation, CRI)} the degree of re-
tention of released gas activity in the primary vessel; (3) to investi-
gate the effect of burnup on fuel release to provide helpful information
for the extrapolation of release results obtained in LOFT from fuel with
low burnup to prompt releases from fuel with burnups typical of full-
scale power reactors; (4) to determine rate and degree of deposition and
retention of radiociodine on stainless steel and painted surfaces and to
characterize the time-dependent chemical forms of radioiodine in typical
LOFT-type environments; and (5) to evaluate on the CRI scale several LOFT-
engineered safeguard devices.

For this investigation, we propose to insert an irradiated U0z

Zircaloy-clad fuel rod into a center pogition in the reactor core
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simulator assembly. The rod will then be heated to a typical "leveling
temperature'" and finally ruptured rapidly on a steep increase of input
power. Coolant sprays will be activated immediately on cladding failure
and the heat will be removed by steam formation on the hot rod and core
parts. Scoping tests of the above nature would suffice to give early in-
formation on effects such as (1) fractional release from a LOFT fuel rod,
(2) reduction in the primary vessel, (3) behavior of the resulting aerosol
in the containment system, and (4) comparative behavior with different

containment surfaces.

Comparative Behavior of Fission-Product Aerosols in a Stainless
Steel Containment Vessel Versus a Coated-Surface Containment Vessel

Interpretation of the significance of a change in the LOFT design
to include a stainless steel-lined containment vessel instead of the
typical reactor coating could be a major benefit of the CRI program.
The CRI is especially designed for conducting parallel studies with liners
of different materials to determine deposition behavior on stainless
steel, carbon steel, concrete, and painted surfaces. Thus, it is likely
that complete confidence could be developed in predicting the difference
in aerosol behavior that would be encountered if LOFT should later install
a special coating over the stainless steel liner.

The CRI was built on a LOFT Assistance Program to meet the need for
a larger and more versatile facility for study of the behavior of released
fission products under LOFT conditions. The CRI alsc provides the capa-
bility of evaluating the performance of engineered safeguards with realis-
tic fission-product aerosols. The CRI internal recycle filter system per-
mits realistic testing of filters and iodine trapping systems. Provision
is also made for the evaluatiocon of pressure-reduction chemical sprays for
tne removal of various forms of radioicdine. The readily removable liners
in the CRI containment vessel permit a direct comparison of the contain-
ment-surface environmental effect on fission products between stainless
steel and typical coated surfaces. This comparison should be especially

important to the new LOFT program.
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Fission-Product Release at LOFT Conditions

Parametric studies of release by diffusion should be performed in
a series of carefully controlled experiments with the grades of UOp in
use in power reactors over the fuel-density range of 93 to 95% of theo-
retical. The effect of burnups up to 20,000 Mwd/T should also be inves-
tigated. The initial experiments will be conducted at low burnups typi-
cal of LOFT, and later the burnups studied will be extended to cover the
present range of water reactor practice.

The basic experiments needed to add understanding and interpretation
to the mass of inconsistent UOz2-fission product diffusion release data
should include parametric studies of
1. the effect of U0z density (93, 94, and 95% of theoretical),

2. the effect of burnup to 50,000 Mwd on average-density UQz (94%),

2. the effect of heat ratings to about 25 kw/ft,

4. the equivalent release rate (not diffusion) at grain growth
temperatures up to 2700°C.

The preoposed diffusion experiments are applicable to the general
Nuclear Safety Program. Specifically, however, the calculation of clad-
ding-gap activity, which is fundamental to TOFT, is so dependent upon
diffusion release values that a consistent series of well-characterized
basic measurements is required before any level of confidence can be ex-
pected in a proposed model for gap activity estimation.

We propose to extend the parametric diffusion release studies to
inelude the grain-growth region in order to determine a release rate Tor
both regimes (equiaxial and columnar) equivalent to the diffusion pa-

rameter.

Cladding Interaction and Retention in Ruptured Fuel Pins

The study of cladding interaction and retention of fission products
is intended to follow up the prompt release test of overrated fuel cap-
sules (see Sect. 1.2 of this report). The difference in the two series
is mainly that in the prompt release program the effect of the heat rat-
ing of the fuel will be systematically studied, whereas in this series,

scoping tests will be conducted of a number of parameters, including the
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burnup level, the reaction of fission products with the cladding, the re-
sult of interreaction of fuel with cladding oxides, and the effect of the

interaction on fission~product release and transport.
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3.2 CHARACTERIZATION OF FISSION PRODUCTS UNDER LOFT CONDITIONS
(AEC Activity 04 60 50 05 1)

R. E. Adans Ruth Slusher
R. L. Bennett W. H. Hinds

Todine-sampling devices are being developed and tested for use in
the environments expected in the LOFT experiments. A major problem in
the development of a ILOFT May-pack sampler suitable for the separation
of particulate lodine, elemental iodine, and organic iodldes has been
the difficulty in defining the proper sequence of materials that will
reproducibly separate the particulate iodine from elemental lodine. When
high-efficiency filters were used in the initial section to remove par-
ticles and particulate lodine, significant quantities of elemental io-
dine were also retained by these materials. The reverse arrangement, in
which the silver screens (for elemental iodine retention) were placed
before the high-efficiency filters, resulted in high retention of par-

ticles along with the desired elemental iodine removal.

May-Pack Sampler with Initial Honeycomb Section

Recent tests with silver-plated aluminum honeycomb sections as an
aerosol—elemental lodine separator have shown promise. As the iodine
passes through the channels of the honeycomb 1t is removed as a conse-
quence of 1ts larger diffusivity, while the larger aerosol particles,
with much smaller diffusion coefficients, pass through. Previous tests
showed that 