/,\J

f'J\
'

DwK-If£7'1
IN-1309

IN-1309

~'\

June 1970

DEVELOPMENT OF A CONTINUOUS SAMPLER-MONITOR
FOR THE LOFT CONTAINMENT ATMOSPHERE

R. E. Schindler. R. R. Hammer
D. E. Black. and

l. T. Lakey

IDAHO NUCLEAR CORPORATION
NATIONAL REACTOR TESTING STATION
IDAHO FALLS, IDAHO

-

·~

DISTlUBUTION OF THIS lHH:U. !L 'T 1:::; U,\ .l.MITED

U. S. ATOMIC ENERGY COMMISSION

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 legal
liability or responsibility 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. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, 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.

DISCLAIMER
Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.

Printed in the United States of America
Available from
Clearinghouse for Federal Scientific and Technical Information
National Bureau of Standards, U. S. Department of Commerce
Springfield, Virginia 22151
Price: Printed Copy $3.00; Microfiche $0.65

·----- LEGAL

NOTICE

Thia report was prepared as an account of Government sponsored work. Neither the Unitrci
States, nor the Commission, nor any person acting on behalf of the Commission:
A. Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or wefulness of the information contained in this report, or that the use of any
lnCotmatlon, apparatus, ru~thod, ur IJIUl.en Ji~du)~~:J iu Llti, •c:vu• t UIA) nol infrin~c prh,.a.tely
owned rights; or
B. Auumes any liabilities with respect to the use of, or for damages resulting from the use
of any information, apparatus, method, or process disclosed in this report.
As used in the abo"e, "person acting on behalf of the Commission" includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee
or contractor of the Commission, or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,

or his employment with such contractor.

Issued:

IN-1309
June 1970
Instruments
TID-4500

DEVELOPMENT OF A CONTINUOUS SAMPLER-MONITOR
FOR THE LOFT CONTAINMENT ATMOSPHERE
by

R. E. Schindler

•

R. R. Hammer
D. E. Black

...

L. T. Lakey

..-------lEGAL N 0 TIC E- - - - - - ,
This report was prepared as an account of ':"ork
sponsored by the United States Government_. Neither
the United Stales nor the United States Atomic Energy
Commission, nor any of their employee~, nor any of
their contractors subcu.-,tractorc, or the1r employees,
·makes any warra~ty, express or implied, or assumes any
tegal liability or res;ponsibilitY !or the ~ccuracy, ~o~. pleteness or usefulness of any mformatwn, app~aluo,
product or process disclosed, or re~resents that Its use
would not infringe privately owned nghts,

I
I

.I

IDAHO NUCLEAR CORPORATION
A Jointly Owned Subsidiary of

AEROJET GENERAL CORPORATION
ALliED CHEMICAL CORPORATION
PHILLIPS PETROL.EUM COMPANY

.
U. S. Atomic Energy Commission Scientific and Technical Report
Issued Under Contract AT(10-1)-1230
Idaho Opera~ions Office
DISTIUBUTION OF THIS DOCUMENT IS UNLJM1T~

ACKNOWLEDGMENTS
The development of the Continuous Sampler-Monitor represents a
cooperative· effort involving numerous individuals ..

Dr. C. M. Slansky

is due credit for the original concept of the Continuous Sampler-Monitor
and also provided initial program guidance.

Dr. D. H. Walker and

personnel of the LOFT and Radiological Experiments Section formulated
the CSM performance criteria and provided program guidance.

Mr. L. 0.

Johnson of the Instrument Development Branch designed the liquid control
system for the separator.

Mes-srs. J. H. Keller and W. J. Maeck of the

Chemical Research Section developed the sorbent components for.the P-I
Samplers and the .chromatographic techp.iques use(! to· evaluate the

CSM.

The Analytical Chemistry Branch performed the many· analyses required in
the development program.

Special.appreciation is also due Messrs.

W. P. Palica, R. L. Nebeker, and R~ L. Ring (Reactor Chemical Applications Secti~n) who operated the Contamination-Decontamination Experiment
in which most of the development testing wa.s performed.

•

...

ii

ABSTRACT
A Continuous Sampler-Monitor (CSM) has been developed to determine
fission-vroduct concentrations in the containment building atmosphere
during the LOFT Integral Test

Progr~.

Th~

specific objectives of the

CSM installation in LOFT are to remotely sample and determine during
the

test,~he

airborne noble gas, total iodine, and organic iodide con-

centrations-in the containment atmosphere, and to monitor changes in
total activity in the containment atmosphere.
A small stream (1 to 3 liters/min) of the atmosphere is continuously
drawn into a scrubber where the elemental iodine and most of the particulate fission products are washed into a stream of basic...,.thiosulfate
scrubbing solution leaving noble gases, organic iodides, and hypoiodous
acid in the gas stream.

The scrubbed gas

stre~

and the scrubbing solu-

tion flow in a common line to a sampling station located outside the
containment building where they are separated.

The gross activity levels

of the separated streams are monitored, and samples of each stream are
analyzed to determine the concentrations of individual nuclides in the
containment atmosphere.
In tests conducted with low concentrations of iodine and xenon in
an 86-rt 3 vessel under simulated LOFT atmospheric conditions, the CSM
accomplished its objectives.
tive within

4%

Xenon values from the CSM were representa-

of xenon concentrations in.the contair~ent atmosphere.

The CSM total iodine values were accurate to within 50%, and the CSM
organic iodide values were accurate to within 30% when corrected for
the methyl iodide absorbed in the scrubbing solution.

The gross activity

monitors provided reasonable gross activity records from which the time
of an activity release could be determined with an accuracy of 2 or 3
minutes.
Further testing is recommended to assure the CSM will perform

•

satisfactorily oq·the short-cooled, mixed fission products expected in
LOFT.
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SUMMARY

A Continuous Sampler-Monitor (CSM) has been developed to determine
fission·product concentrations in the containment building atmosphere
during the LOFT Integral Test Program.

The specific objectives of the

CSM installation in LOFT are to remotely sample and determine during
the test the airborne noble gas, total iodine, and organic iodide concentrations in the containment atmosphere, and to monitor the total
.activity in the containment ·atmosphere.
A small stream (1 to 3 liters/min) of the atmosphere is continuously drawn into a scrubber where the elemental iodine awl most of the
part1~tilate

fission products are washed into a stream of basic-thiosul-

fate scrubbing solution, leaving noble gases, organic iodides, and
hypoiodous acid in the gas stream.

The scrubbed gas stream and the

scrubbing solution flow in a common line to a sampling station located
outside the containment building where they are separated:

The gross

activity levels of the separated streams are monitored, and samples of
each stream are analyzed to dete.rmine the concentrations of individual
nuclides in the containment atmosphere.
The CSM was evaluated in the 86 rt 3 CDE vessel under simulated LOFT
atmospheric conditions with low concentrations of xenon, methyl iodide,
awl an iodine mixture containing mostly elemental iodine.

Additional

clata -were obtained :from laboratory tests with methyl iodide and
fluorescein dust.
The noble gas.es--xenon and

kryp~on--present

few sampling

~roblems.

Except for a small fraction--expected to be less than 1%--which dissolves in the scrubbing solution, the noble gases remain in the CSM
.scrubbed gas ·stream where their concentrations can be determined by
analysis of gas stream samples.

In CDE tests with xenon-133, the xenon

concentrations determined from CSM samples agreed within 4% with xenon
concentrations of samples taken directly from the containment atmosphere.
In CDE "elemental" iodine runs with initial iodine concentrations
from 0. 05 to 7 J.lg/m 3 , the CSM provided total iodine concentrations accurate to within + 50% when compared with concentration values obtained

iv
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with the ParticUlate and Iodine (P-I) Sampler.

...

In two runs, the total

iodine concentrations determined with the CSM and the P-I Samplers agreed
within .:!:_ 10%.
The concentrations of organic iodides in the containment atmosphere
were determined by correcting the CSM gas stream organic iodide concentration, analyzed by chromatographic separation of the organic iodides
followed by gamma-ray spectrometry, for the fraction of the organic
iodide absorbed by the scrubbing solution.

When the CSM was operated

at the recommended conditions--a gas sampling rate of 2 liters/min and
a scrubbing solution containing·lM sodium hydroxide and

0.00~

sodium

thiosulfate--from 10 to 50%, depending on temperature, of the methyl
iodide was absorbed by the scrubbing solution.

After correcting for the

average absorption, the CSM provided organic iodide concentrations accurate to ::!:_ 30%.
The gross activity monitors on the CSM gas and liquid streams provided gross activity traces in CDE elemental and methyl iodide
which agreed with the expected behavior.

run~

There was a time lag of

~

5 min

between the time of sampling and the time the activity was detected by
the monitors due to the time required to transport the sample through
the long lines needed for the LOFT installation.

The activity traces

obtained in elemental iodine and methyl iodide tests indicate that by
correcting for a time lag of about 5 min, the time of a sudden activity
release can be determined with an accuracy of 2 or 3 min with the CSM
gross activity monitors.
Based on the criteria developed for the LOFT Integral Test Program,
the CSM accomplished its objectives in the low concentration releases
of a single nuclide (either iodine-131 or xenon-133).

However, prior

to LOFT, reliable CSM performance should be demonstrated for a fission
product mixture, including short-lived nuclides and particulates,
released from an irradiated fuel pin under LOFT-ECC conditions.

Tests

in a large containment vessel are also 1needed to characterize the CSM
performance, because the rapid washout of elemental iodine vapors in
the 86 rt 3 CDE vessel limited the evaluation of the CSM performance
on elemental iodine.

v
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Recommendations are .also -made for ·design evaluations and modifications of CSM components on whieh improvement.s are desirable.
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DEVELOPMENT OF A CONTINUOUS SAMPLER-MONITOR FOR THE
LOFT CONTAINMENT ATMOSPHERE
I.

INTRODUCTION

The LOFT Integral Test Program consists of a series of engineeringscale tests, each simulating a reactor loss-of-coolant (LOC) accident,
in which Emergency Core-Cooling Systems are tested[l,zJ.

In LOFT, the

coolant will be released from a 55.MW pressu~ized water reactor, permitting the core to overheat and release fission products into the
reactor vessel and 300,000-ft 3 containment 'buiiding.

The increase in

the fuel temperature will be. terminated by activation of an emergency
core-cooling system prior to melting of the fUel pins.

However, even

with a. core-cooling system, the fuel temperatures reached wili probably
result in some cladding failures and subsequent release of small quantities of fission products.
- The atmosphere in the LOFT containment building following the
coolant blowdown will consist of an air and steam atmosphere containing
·a short-cooled fission product mixture released from failed fuel pins.
The character of the fission-product mixture will depend upon the extent
of fuel pin damage.

If the damage is limited to cladding failure, the

fission-product·mixture will cou::;ist mainly of the noble gases and their
daughters, and lesser quantities uf the radioiodines as elemental iodine
vapors, organic iodides, iodine adsorbed on particulates, and hypoiodous
acid vapors.

Particulate fission products, such as cesium, tellurium,

and molybdenum, would be present if the fuel pins overheat sufficiently
to melt or vaporize.

The time and space dependent fission-product con-

centrations and compositions in the LOFT containment atmosphere will be
determined by two samplers--the Sequential Particulate and Iodine (SP-I)
Sampler and the CSM.

The SP-I Sampler is an assembly of cartridges

(often referred to as "Maypacks"), each containing a series of filters
to collect particulate fission products, and adsorber beds to collect
the various volatile iodine species.

SP-I Samplers located inside the

containment building will be sampled remotely during the test and
removed from the containment building after the test.

1

Analysis of the

sorben~

beds and filters will then provide data on the atmospheric total

iodine concentration, the concentrations of the various iodine species,
and the concentrations of particulate fission products.

The CSM uses a

scrubber located in the containment building to continuously and remotely
·sample the atmosphere and separate the fission products into .liquid and
~as

streams, which leave the containment building as shown in Figure 1.

Samples provided by the CSM during the LOFT will be analyzed to determine the noble gases, total iodine, and organic iodide concentrations in
the containment atmosphere.

The ·total iodine and organic iodide concen-

trations will be measured by analysis of samples from both the SP-I and
CSM Samplers; however, the CSM will provide .samples while the test ·is
1mnPrwRy.

The c,oncentrations of particulate fission products and the

differentiation between the chemical forms of iodine will be provided
by the SP-I Samplers only.
CSM only.

~1e

The noble gas samples will be provided by the

CSM will also continuously monitor and record the gross

activity levels in the containment atmosphere.
The CSM was tested in the pilot-plant-s.cale Contamination-Decontam3
ination Experiment (CDE)[ ] under simulated LOFT atmospheric conditions
with tracer releases of xenon, methyl iodide, and a mixture of elemental
iodine vapors with small quantities of organic iodides and .hypoiodous
acid.

This report summarizes the development status of the CSM at the

end of 1969.

The development effort by Idaho Nuclear Corporation on

the Continuous Sampler-Monitor has been terminated, and the CDE facility
has "been. !'?hut down.

Plans to continue testing of the CSM in the Contain-

ment Research Installation (CRI) at ORNL are being considered.

2
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LOFT CONTAINMENT BUILDING
SCRUBBING SOLUTION .
SCRUBBED

GA~S----~NOBLE GASES
ORGANIC IODIDES
w

SCRUBBER
SPRAY
NOZZLE

~--~ELEMENTAL

IODINE
SCRUBBING PARTICULATES
SOLUTION .
Fig. 1 Schematic diagram of.Continuous Sampler-Monitor

II.

DESCRIPTION OF CSM AND TEST FACILITIES

The performance of the CSM was evaluated using both the pilotscale CDE facility and a laboratory mockup.

In the CDE, performance

was evaluated by comparing airborne activity concentrations from the CSM
with those determined by other atmosphere samplers.

The CSM total iodine

concentrations were compared with those determined by the P-I Samplers;
the CSM noble gas and organic iodide concentrations were compared with
those determined by the Raw (or "Filtered) Gas Sampl~rs.

During the

development program, the CSM was tested in the CDE with mixed fission
products released from irradiated fuel pins, and t:racer-level noble ga.s,
elemental iodine, and methyl iodide releases.

The laborat.ory tests were

conducted to determine the CSM

mP~hyl

fluorescein dust.

~erfQ:rmance

f0r

iodide and

The following sections describe the CSM, the labora-

tory and CDE test facilities, and the samplers used to evaluate performance of the CSM.
l.
l.l

CSM DESIGN, OPERATION, AND SAMPLE ANALYSIS

CSM Design
Elemental iodine vapor cannot be transported in a gas stream through

lines 9f any

signific~nt.length,

sampli~g line.

because it. nF:'positii on the wall of th!::!

The CSM is designed to minimize iodine deposition by

removing the elemental iodine from the gas stream with a scrubber located
inside the containment building at the point of sampling as shown in the
simplified flowsheet portrayed in Figure 2.
and flowsheet are

.
given in Appendix A.

A detailed CSM description

A continuous sample of the con-

tainment atmosphere is drawn into a 2-in. OD .by 12-in. long "Teflon"
(TFE) scrubber (shown in Figures 3 and 4) by a pump located outside tne
containment building and connected to the scrubber by a long length of
3/8-in. diameter stainless steel line.

The atmosphere sample ent0rs

the vertical' scrubb.er through ports at the top of the scrubber and is
washed by a fine mist of scrubbing solution sprayed at a controlled rate
through a pressure-atomizing spray nozzle.

Iodine and ·particulate-

associated fission products are absorbed into the scrubbing solution,

4

GROSS GAMMA
MONITOR
·SCRUBBING
- -...... SOLUTION

GAS
SAMPLING
CYLINDERS

CHARCOAL . ·
PACK
SAMPLERS.

TO VACUUM
PUMP.

SAMPLER

V1

..
TO LIQUID
WASTE

CDE CONTAINMENT.
VESSEL

GROSS GAMMA
·MONITOR

Fig. 2 Simplified flowsheet o_f Continuous Sampler-Monitor.

. - - - - - - - - Scrubbing

Spray

Solution .Inlet

Nozzle

..
Gas--..,...-"'
Sample

·Teflon· Scrubber ·Body
(2" X 12")

6...---·•·

Cn5 and

li4ulu Outle;

INC- A -15340

,
Fig. 3 Cutaway view of CSM scrubber.
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Fig. 4 CSM installed in CDE containment vessel.

7

and the iodine is converted to a soluble form.

The gas sample stream,

carrying the liquid with it, flows from the outlet at the bottom of the
scrubber through a long length (100 to 200 ft) of 3/8-in . OD stainless
steel tubing to a cooler located outside the containment building where
excess moisture is condensed from the gas.

After being cooled, the gas

and the scrubbing solution flow to a pot where the liquid is separated .
from the gas.

The scrubbing solution and gas then flow separately to

gross activity monitors and sampling stations.
A liquid-level control system--consisting of a differential-pressure
transmitter, a controller, and a variable-speed metering pump--measures
the liquid level and pumps the solution out at a rate whi r.h mAintains a
constant liquid level in the separator pot.

The atmospheric sample flow

is controlled downstream of the gas sa.mpl ing Rt.Rt.ion by a control :::JyRtem
which maintains a constant mass flow of dry air .

This gas flow control

system also maintains a constant volumetric flow rate of the steam-air
mixture into the scrubber, as long as the air and steam in the containment building are well mixed.

A vacuum pump downstream of the gas flow

control system maintains the pressure difference which drives the gas
flow.
In an earlier CSM design, which was tested in the three CDE runs
with irradiated fuel pins, the gas and liquid streams separated inside
the scrubber anU. discharged from thP. RrrllhhPr through ocparatc lines
vhich carried the scrubbed gas and scrubbing solution outside thP. containment vessel.

Problems with moisture condensation in the gas line

were encountered with this earli.er -design.

The current CSM design wat;;

adopted because the gas and liquid streams are eaRier to separate outside the containment vessel than inside the scrubber, and becallSe cooling the gas and liquid streams before separation reduces moisture
carry-over into the gas stream.
1.2

Sampling and Analysis of CSM Effluent Streams
Evaluation of the CSM performance was based primarily on the

analyses of samples from the gas and liquid effluent streams.

The con-

centrations of individual nuclides in curies per unit volume of containment atmosphere were calculated from the sample analysis and the gas and

8

liquid stream flow rates.

The total iodine activity in the CSM liquid

stream was determined by analysis of liquid samples collected intermittently in small bottles and analyzed by gamma-ray spectrometry.

The

total iodine concentration in the CSM gas stream was measured by analysis
of small charcoal packs (Barnebey-Cheney Type 727 charcoal) through which
a known volume of gas stream was diverted.

The iodine collected on the

charcoal bed was then determined by gamma-ray spectrometry.

The total

iodine concentration in the containment vessel was calculated by multiplying the iodine concentration in the liquid stream by the liquid-to-gasflow ratio and adding this value to the total iodine concentration in·the
gas stream.
The concentrations of light organic iodides (methyl, ethyl, and
propyl iodides) and noble gases in the CSM gas stream were determined
by analysis of gas samples collected intermittently'using gas sample
cylinders which were flow purged with the gas being sampled.

The light

organic iodide or xenon fraction in the gas sample was separated and
purified by a chromatographic technique*, then collected in charcoal beds,
and finally analyzed by gamma-ray spectrometry.

During the xenon tracer

runs, the gas sampling cylinders were also counted directly by gamma-ray
spectrometry to obtain xenon concentrations for comparison with those
obtained using the chromatographic separation technique.
1.3

CS~__Operating

Conditions

CSM operating conditions were varied during the testing program to
determine their effect on the CSM performance.

The scrubbing solution

flow rates used in the tests ranged from 60 to 200 ml/min, while the
gas sampling rates ranged from 200 to 3100 std ml/min.

The latest

tests, which provided the best results, were conducted at a
solution flow of 110 ml/min and with two different gas sampling rates.
The low gas sampling rate ranged from 800 to 1000 ml/min, while the high
gas sampling rate ranged from 2000 to 3100 ml/min.

With the exception

*The organic iodides and xenon were separated from the inorganic iodine
spedes by a Beckman GC-5 chromatograph with a 0.25-in. diam column of
Porapak Q preceded by a silica gel plug to retain inorganic iodides.
The xenon samples were separated with 14-ft long column operated 25°C
with a 50 ml/min flow of helium carrier gas. The organic iodide samples
1-rere ~epar;:d·,pi'J in a 4-ft long column operated at l50°C with a 100 ml/min
flow of helium carrier gas.
9

of Tracer Run

4, scrubbing solutions were sodium hydroxide solutions. or

sodium hydroxide and sodium thiosul"fate mixtures.

The operating condi-

tions for each run are tabulated in Table I.
2.

LABORATORY TEST FACILITIES

Laboratory test facilities were used when feasible to supplement
the CDE tests.

The laboratory test systems which proyided organic.

iodide and particulate scrubbing data are described in the following
sections.
2.1

Laboratory System for Evaluating Organic IodidP. Sc-rubbing
A laboratory model of the CSM, without the scrubber, was installed

tu t=valuate 'Ehe effect of scrubbing solution composition on the absorption of methyl iodide in the CSM scrubbing solution.

The laboratory

test system consisted of a 100-ft coil of stainless steel tubing through
which s·crubbing solution and gas flowed cocurrently.

The spray scrubber

was om}-tted because most of the CSM gas-liquid contact area (which con-

.....

trols the methyl iodide adsorption) is.in the 100- to 200-ft LOFT disJ

charge line through which the atmosphere sample and scrubbing solution
flow cocurrently.
A flowsheet of the laboratory apparatus is shown in Figure 5.
Methyl iodide or ethyl iodide was generated by reacting a basic solution
of sodium iodide (the iodide was 5 to 20 atom percent iodine-131 with
the balance iodine-129. and stable iodine-127) with dimethyl or diethyl
sulfate.

The organic iodide was then mixed with the air sample stream

w1ead of the coil.

To determine the inlet methyl iodide concentrations,

a small :fraction of the gas stream was bled through a

ch~rcoal

bed

sampler .at a measured rate, .and the sampler was analyzed for i-odine.
The gas stream was then mixed with scrubbing solution, which had been
preheated to the test temperature, and passed through the 100-ft coil
where the organic iodides were absorbed by the scrubbing solution.
scrubbin~

The

solution discharging f'r.om the coil was separatt=d (uy settling)

from the gas stream and.drained into a holding tank which was sampled.
The scrubbed gas stream flowed through a charcoal pack ·sampler which

10
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TABLE I
CSM OPERATING CONDITIONS

1--'
1--'

Gas
Sample.
Flow
(ml/min)

Scrubbing
Solution
Flow
(ml/min)

Scrubbing
.Solution Composition
NaOH
NazSz03
(!'i_)
(!'i)

Test

'I"Jpe of Activity

Fuel Pin Run 3
Fuel Pin Run 4

N.;ixe:l Fission Products

260

60

0.5

0.5

Mixed Fission Products

200

. 200

0.5

0.5

Fuel Pin Run 5

Mixed Fission Products

180

200

0.5

0

Tracer Run l

Xenon (Xe-133)

210

. 110

0.1

0

Tracer Run 2

Xenon (Xe-133)

210

0.1

0

Tracer Run 3

·Iodine ·(I-131)

365

Tracer Run 4

Iodine (I-131)

430 to 550

110
. 110

0.1
o.o8·

0
0.00005[a].

Tracer Run 5

Methyl Iodide (I-131)

1000

110

1.14

0.012

Tracer Run 6

Iodine (I-131)

800 or 2000

110

0.92

0.14

Tracer Run 7

Methyl Iodide ( I-131)

1000 or 2000

110

.0.092

0.010

Tracer Run 8

Methyl Iodide (I-131)

1000 or 2000

110

l.O

0.005

1000 or 2000

110

0.75

0.07

110:

Tracer' Run 9

Iodine (I-131)

1000 or 2000

110

l.O

0.007

Tracer Run 10

Iodine (I-131)

800 or 2000

. 110

l.O

0.007

Tracer Run ll

Iodine (I-131)

800 or 3100

110

. •l.O

[a] Na 2 so 3 rather than NazSz03.
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Fig. 5 Schematic lflowsheet o:: laboratory mockup of CSM for ~esting on organic iodides.

y_

collected the incident iodine in the gas stre·am and through a gas volume meter.

The fraction of organic iodide absorbed was calculated from

the relative amounts of iodine in the gas and liquid streams leaving
the scrubbing coil.

The fractions of methyl and ethyl iodide removed

from the gas by sodium hydroxide-sodium thiosulfate mixtures of varying
concentrations were determined in the test system at 80°C and a gas flow
of 1000 ml/min.
2.2

Laboratory System for Evaluating Particulate Scrubbing
Laboratory tests were also conducted to evaluate the.scrubbing

efficiency of. the initial CSM concept.
gas and

scrubbin~

In

this system, the scru'c?bed

solution streams separated in the scrubber instead of

flowing cocurrently through the common discharge line used in the current
design.

A schematic flowsheet of the test apparatus is.shown in Figure 6.

The fluorescein dust was produced by atomizing a fluorescein solution
and drying the resulting spray.

Air containing the fluorescein dust was

passed through the scrubber at rates from 160 to 650 ml/min and scrubbed
~·

by a spray of water from a small

pressure~atomizing

ating at the normal CSM spray pressure of 500 psig.

spray nozzle* operThe scrubber per-

formance was measured by collecting, with ,glass filte.:r:.s, the fluorescein
content of measured samples of the air entering and leaving the scrubber.
A colorimetric method of analysis was used to measure the quantity of

fluorescein on each filter.
The fluorescein particles ranged in size from 0-05 to 0.7 micron
diameter and had a mass median diameter of 0.43 micron.

The particle

size distribution shown in Figure 7 was obtained from electron microscope photographs of two samples of the fluorescein dust.
3.
3.1

CDE TEST FACILITIES

Contamination-Decontamination Experiment
The Contamination-Decontamination Experiment (CDE) is a pilot-

plant-scale facility which produces high-level fission product aerosols
*Four nozzle sizes were tested: Delavan nozzle sizes 0.50 gph-90°,
0.75 gph-70°, and 1.00 gph-70°, and Spraying Systems nozzle size
0.60-l/4 LNN.
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Fig. 6 Schematic flows:teet of apparatus for fluorescein scrubbing test.
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or tracer-level aerosols under conditions simulating those expected .in
LOFT.

A cutaway drawing of the CDE is shown in Figure 8.

Tn the

CDE tests, the containment atmosphere was sampled continuously with the
CSM and periodically with the other atmosphere samplers--the P-I and
Raw Gas Samplers--whose total iodine and organic iodide concentrations
were compared with the CSM values.
Two methods:--fuel pin meltdowns and tracer-level injections--were
used to produce fission product aerosols in the containment vessel.
One fission product aerosol was generated by melting an irradiated fuel
pin in the presence of steam, using an induction furnace.

The fission

products released were transported by steam tn an R6-ft 3 oonta.inmcnt
vessel in which conditions
conditions.

WP.l"P

rt:~ntrollad

to oimulate a.l!Lidpated L(JJ:t''l'

Additional details are reported elsewhere[ 3 J.

The

tr~cer

level aerosols were produced by injecting xenon, elemental iodine or
methyl iodide into the conta,inment atmosphere rather than fission products fro:m a fuel pin.

Iodine-131 as elemental iodine was prepared by

drying a basic solution· of sodium iodide containing 5 to 20% iodine-131
with the balance as iodine-129 and stable iodine-127, then oxidizing
the residue with molten potassium dichromate.

Methyl iodide traced with

iodine-131 was prepared by reacting dimethyl sulfate with iodine-131
traced sodium iodide.

Xenon-133 (a gas) was injected directly from the

ampule in which it was received.

A glass ampule containing the desired

nuclide was broken in an injection tube, and the nuclide was swept into
the CDE vessel by argon.

Neither carrier iodine nor carrier xenon was

added in any of the tests.
3.2

Particulate and Iodine Samplers
To evaluate the CSM performance, heavy reliance was placed on com-

parison of the total iodine concentrations from the CSM with those obtained with Particulate and Iodine (P-I) Samplers.

The P-I S~lers

are "Maypack" type cartridges consisting of a series of filters and
sorbent beds which collect particulate fission products and volatile
iodine species.

(A rack of P-I Samplers installed in the CDE vessel

is shown in Figure

e.) The composition of the sorbent beds changed

during their development program.

This program is being conducted co-

currently with the CSM development program.

16
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8 Cutaway view of CDE showing sampler locations.
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of sorbent beds in the P-I Sampler, which is shown in Figure 9, appears
to separate the iodine species satisfactorily.

It consists of a glass

fiber filt.er to collec1. particulates, a bed of cadmium iodide adsorbed
on "Chromasorb-P" to collect elemental iodine vapors, a bed' of copper
zeolite to collect hypoiodous acid vapors, a bed of silver zeolite to
coilect methyl iodide, and a
trap.

be~

of impregnated charcoal as a oack-up

Although the early versions of the P-I Sampler did not separate

the iodine species successfully, the sorbent beds retained all the
iodine entering them.

Consequently, the P-I Sampler was considered the

reference total iodine sampler.
3. 3

Raw and Filtered Gas S.amplers
The Raw and Filtered Gas Samplers collected containment atmosphere

~~~le8

tor subsequent determination of xenon or methyl iodide concen-

trations by the chromatographic method described ea.rlier.

With the

initial version of the Raw Gas Sampler, used in CDE Tracer Runs 1
through

4 and in the CDE runs with irradiated fuel pins, an atmosphere

sample was obtained by drawing the sample through a 2-ft length of
stainless stee·l tube into a gas sampl:e· cylinder.

For subsequent runs,

the Raw G.:.s Sampler was mod.ified by adding a condt •. oer upstream of the
gas sample cylinder and lengthening the lead lines to 20 ft.

This

modified Raw Gas Sampler is shown p:i:ctnriHlly in Figure 8.· The
Gas Sa.mp.Ler is similar to the Raw Gas Sampler

excep~

Flltere~

· th.at a filter

~s

we.L.L as the condenser were installed upstream of the gas sample bomb.
There was no detectable loss of•xenon.or organic iodide as a result of
adding the condenser, filter, and. extra line J ength; the· xenon or orgau:ic iodide concentrations in the gas samples taken.with these three gas
sampling systems were e$sentially identical.

Consequently·~.·

the Tiaw and

Filtered· Gas Samplers are ass·umed t.o· provide representative. samples of
noble gas·es and

organ~c

iodi;des in the

r.nK r0nt ainm0.nt.

atmo.!!phe•.i·e.

3.4 CDE Particulate Tests
Cladding fumes vaporized from a heated, nonirradiated fuel pin also
were used to test the early version of the CSM scrubber design (without
the common discharge line).

The particulates, primarily oxides of tin

and uranium,. present in the CSM scrubbed gas. stream were collected on a

18

.,...lf:+.'"''t-____;,+----- Copper Ze o I i t e
in Sulfide Form

.JC-~~........1-----Cadmium

on

Iodide
Chromosorb- P

Glass Check Valve

INC- A- 1!1413

Fi.g. 9 Particulate and Iodine Sampler.
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·glass fiber filter.

The tin content of· particulate t!r'apped on the fil-

ter was then measured by emission spectrometry (the.uranium content was
below the detection limit) and compared with the tin content of samples
taken directly from the c0ntainment atmosphere and analyzed by the same
method.
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III.

CSM PERFORMANCE TESTS

The CSM development program emphasized evaluation of the CSM performance for determining airborne noble gas, total iodine, and organic
iodide concentrations, and for monitoring gross activity levels.

The

CSM was tested under simulated LOFT atmospheric conditions in the CDE
facility with two xenon releases, three methyl iodide releases, and six
"elemental" iodine releases.

The CSM was also tested inconclusively in

three early CDE tests with irradiated fuel pins.

The reproducibility

and precision of the CSM test results improved as the program progressed
.due to improvements in the CSM design and operating procedures, and
improvements in techniques for sampling and analyzing the CSM effluent
streams and the CDE containment atmosphere.

The test results demonstrate

that the CSM performance is strongly affected by operating parameters
such as the gas sampling rate and the scrubbing solution compositfon.
The results of the mixed fission-product and

~arly

elemental iodine

tests in which the CSM operated with low gas sampling rates and ·scrubbing
solutions without sodium thiosulfate were erratic and differed significantly from the results of the later tests.

The results

pre~ented

in

the following sections primarily are from the later tests in which consistent results were obtained and in which the CSM was operated under.
conditions most similar to those recommended for LOFT.

The presenta-

tion of results is divided into the following sections according to CSM
objective or fission product form:

noble gases., elemental.iodine,

methyl iodide, other iodine species, particulates, transient monitoring,
.and design evaluation.
1.

NOBLE GAS SAMPLING

Two CDE tracer-level runs (Tracer Runs 1 and 2) were conducted
with xenon-133 to determine the sampling accuracy of the CSM for xenon.
The total concentration of xenon. (including stable fission product
xenon shipped with the xenon-133) injected into the CDE vessel was
0.01 volume parts per million.

This concentration is higher than the

fission-product xenon concentrations anticipated in the LOFT-ECCS tests

21

but represents only 10% of the normal atmospheric xenon concentrations[

4

J.

The airborne :x:enon-133 concentrations were constant throughout hoth runs.
Less than 0.005% of the xenon injected was absorbed in the containment
vessel ·condensate.
·The xenon concentrations from the CSM agree closely with the values
obtained from the Raw and Filtered Gas Samplers in both runs.

The at-

mospheric xenon concentrations measured by the different samplers during
CDE Tracer Run 2 are plotted in Figure 10.
simil:ar.

The results from Run 1 are

The total concentration of :xtenon measured by the CSM was deter-

mined from the xenon concentrations in the liquid and the gas samples.
There is a 10 to 20% difference between results obtained by the two
different methods of analysis--direct counting of the gas sampling
cylinders, and chromatographic separation followed by ·t:r.apping and
counting of the xenon; however, when_analyzed by the same-method to
eliminate the effect of systematic calibration errors, the CSM average
xenon concentrations agree within 4% with those obtained by the other
two samplers.
The xenon ·concentrations observed in the scrubbing solution, which
ranged from 6 t·o 10% of the total xenon in the atmosphere samples ta:kert
by the CSM, agree reasonably well with those calculated from ·existing
solubility data[

5

J.

This suggests

th~t

xenon and krypton solubility

data can be used to estimate the effect of the subsequent increase in
t'he gas s.ampling rate from 210 to 2000 ml/min on the fraction· of
xenon and krypton absorbed in the scrubbing solution.

At this higher

gas ·sampling rate, the fractions .of xenon and krypton absorbed in the
scrubbing solution should be negligible--abo~t 1% of the total xenon and
0. 5% of the total krypton in the sample st.ream.
2.

.TO.TAL .IODINE "SAMPLING

The ability of the CSM to furnish total airborne iodine concentrations under simulated LOFT conditions was evaluat.ed in six CDE runs in
which an iodine sample consisting of primarily elemental iodine vapors
mixed with small amounts of organic iodides and possibly hypoiodous .acid
was injected into the air-steam atmosphere in the CDE vessel. . Following
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in CDE containment atmosphere during CDE Tracer Run 2.

injection, the vessel was cooled at a rate approximating that anticipated
in LOFT. The initial total iodine (iodine-131 plus iodine-129 and stable
iodine-127 ) concentrations in the 6 runs ranged
In most
a~ter

o~

~rom

the CDE runs, the CSM was operated and sampled

the iodine release.

.

0.054 to 7.1

~g/m

3

.

six hours

~or

However, in Run 11 the CSM was operated for

3 hr, shut-down due to a mechanical

~ailure,

day and operated for an additional 3 hr.

then restarted on the next

The CSM operating conditions

were summarized previously in Table I.
In each of the CDE

elem~ntal

iodine runs, there was a rapid washout--

40 sec to 3 min half-time--of 80 to 95% o~ the iodine initially injected.
The iodine airborne
o~

a~er

this initial washout consisted almost entirely

organic iodides and hypoiodous acid vapors.

airborne immediately

a~er

The elemental iodine

injection was removed within 5 or 10 min of

injection by the processes of absorption in the condensing steam and
~eposition

on the walls.

The organic iodides appeared to be

~ormed

an impurity during preparation of the' iodine injection source.

as

The

hypoiodous acid was essentially all

~ormed

were taken less than a minute

injection; however, it is not known

whether it was

~ormed

a~er

when the first gas samples

before, during, or immediately after injection.

Following the initial rapid washout, the total airborne iodine concentration decreased slowly over the rest of the run leaving from 5 to 15%
o~

the iodine injected airborne at the end of the run.
The CSM total iodine concentrations are evaluated by comparison

A measure of the consistency of the

with values from the P-I Samplers.

CSM values is also provided by comparison of the CSM values obtained at
the two

di~~erent

gas sampling rates.

The total airborne iodine con-

centrations from the P-I Samplers and CSM agreed at least to within 50%
during the last four CDE elemental iodine runs.

However, there were

significant differences in the sampler performance in the different runs.
ln Huns 6 and 9 there was good agreement

(~

10%) between the total iodine

concentration values of the CSM and P-I Samplers.

This is shown in

Figure 11 where the Run 6 total iodine concentrations are plotted.

In

Runs 10 and 11, significant discrepancies appeared between the total
iodine concentration from the CSM at the two different gas sampling
rates and·.between the CSM and P-I Sampler values.
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INC-A-16740

a~mosphere

during

by Figure 12 which shows the results of Run 11--the run in which the
largest discrepancies occurred.

The CSM values obtained at the two

different gas sampling rates differed significantly in both halves of
this run.

In the last half of the run, both sets of CSM values were

significantly higher than the P-I Sampler values.

In the first half

of the run, the CSM value.s at the low gas sampling rate. were almost 50%
higher than the P-I Sampler values.

Likewise, in Run 10 (not shown) the

CSM values at the two sampling rates differed by nearly 40%.

In Run 10,

the CSM values at the higher gas sampling rate agreed with those f'rorri
the P-I Samplers.
The discrepancies in Runs 10 and ll a.ppea.r to be the.result of experimental errors ·rather than fUndamental problems with the CSM.
was definite evidencf; of

irrP.giJ~

Rri tie.:

in the COM

the CSM gas stream samples--in these runs.

There

.5.:UuJJl~::;--part1CU.Lar ly,

Although the causes

of

the

discrepancies have not been definitely determined, some possible causes
are:
(l)

Failure of the CSM gas stream sampling packs:

There

is definite evidence that iodine penetrated the CSM
gas sampling pack at the 2 liter/min gas sampline;
rate but not at the l liter/min gas flow.

This could

account for the discrepancy_ between the CSM values at
lllfferent flow rates.
(2)

Calibration bias:

The CSM and P-I Sampler concentra-

tions are determined from the analysis of different
types of samples and the measurement of different
flow rates.

A bias in the relative calibrations could

accuunt for differences between the CSM and P-I
Sampler
(3)

Leak:

valu~s.

A 1eak in the CSM gas lines could cause erroneous

gas flow or volume measurements; however, no significant
leak was observed in pre-run checks.
The discrepancies between the sampler values leave an uncertainty
about the true iodine concentration values.

In the absence of an abso-

lute value for the airborne total iodine concentration, the true value
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is assumed to be in the range bracketed by the sampler results.

The

results of the last four CDE runs then indicate that, at the worst, the
CSM probably provides total iodine concentration values accurate to
within ~ 50%.

Results comparable to those obtained in Run 6 (Figure ll)

might be expected-if the experimental errors could be eliminated.
The iodine aerosol in the CDE tests was not entirely representative
of the fission-product aerosol anticipated in LOFT.

Due .to th rapid

washout of elemental-iodine, the airborne iodine in the CDE "elemental"
iodine runs consisted almost entirely of organic iodides and hypoiodous
acid except for the first few minutes of the tests.

Consequently, only

t.he first two or three sampj_es in each run luive contained a significant
fraction of elemental iodine.

The CSM iodine concentrations obtained

during the initial washout appear reasonable; however, it is tllfficu.lt
to compare samplers during this_ period of rapid change.

The time at

whi'ch a CSM sample W'as taken cannot be assigned precisely,. because the
length of time needed to· draw the CSM sample streams through the CSM
lines is not precisely known.
iodine vapors can at ·best be

Hence; the CSM performance Qn elemental
consid~red

only partially evaluated.

T-ests

in a larger containment vessel_in which elemental iodine is removed at
a slower rate, for example, the Containment Systems Experiment (CSE)
at BNWL, are needed to evaluate the CSM performance for elemental iodine
vapors.
The mixture of iodine and other nuclides _expected in LOFT will be
more difficult to separate and analyze than the single nuclide
(iodine-131) used in the CDE tracer tests.

Also, the distribution of

· iodine forms released from a fuel pin could 'be different from those
released in the tracer runs.

As a result of difficulties discussed

·previously, the early CSM tests in the CDE fuel pin runs did not provide
useful results.

Hence, tests on a release of mixed ficsion pr.oducts

from an irradiated fuel pin are needed to confirm the CSM performance in
the tracer tests.
The range of initial iodine concentrations in the CDE tests--0.054
to 7.1 ~g/m 3 --covers the most probable initial iodine concentrations in
LOFT.

However, the iodine concentrations anticipated ·for the cases of

clad rupture of a single pin or complete core meltdown are outside the
range covered in the CDE tests.
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3.

ORGANIC IODIDE SAMPLING

It would be. advantageous for the CSM to separate the inorganic
iodine species into the scrubbing solution stream leaving the organic
species in the scrubbed gas stream.

Unfortunately, solutions used to

absorb inorganic iodides also absorb some organic iotlides.

Consequently,

the organic iodide concentrations in the CSM scrubbed gas stream are
lower than those in the containment vessel.
The absor.ption of a vapor into a scrubbing solution involves several steps.

After contacting the solution, the vapor dissolves at the

liquid surface, diffuses into the bulk of the liquid, and reacts with
the reactive solutes.

Factors which affect the absorption rate are the

gas-liquid contact area, the solubility of the vapor, the reaction rate
in the solution, and the gas-liquid contact time.

These, in turn, are

affected by the scrubber volume and the discharge line length and diameter (contact area and contact time), the scrubbing temperature (reaction
rate and solubility), and operating parameters such as solution composition (.reaction rate) and g·as sampling rate (contact time).
Scrubbing solution composition and gas sampling rate are the .Gperating variables affecting absorption which are most readily varied to
. improve the CSM performance.

Hence, the effect of these operating

parameters was evaluated in both laboratory tests and CDE runs with
methyl iodide.

In addition, some laboratory tests were conducted with

ethyl iodide, because ethyl iodide was observed in the containment atmosphere during one CDE "elemental" iodine run.

Basic thiosulfate mix-

tures were used in these tests because of their known ability(s] to
absorb elemental iodine.

•rhe operating parameters for the three CDE

methyl iodide runs are listed in Table I.
The CSM scrubbing solution absorbed from 10 to 50% of the methyl
iodide in the entering gas stream when operated at the recommended
conditions:

a 2.liter/min gas sampling rate and a scrubbing solution

containing~

sodium hydroxide and

results of a typical CDE run

0.007~

sodium thiosulfate.

The

are shown in Figure 13 where the ratio

of the methyl iodide concentration in the CSM scrubbed gas samples,
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30

C, to the methyl iodide concentration in the containment atmosphere,
CA, (as determined by analysis of raw gas samples) is plotted against
time after injection.

The change in C/CA during the run appears to be

a result of the decrease in the containment (and the scrubbing solution)
temperature during the run.

Similar results were encountered ih other

tests with the same operating conditions.

The methyl iodide loss due

to-absorption in the solution in these runs can be represented by an
average correction factor, C/CA

= 0.7

~

0.2.

Hence, it appears possible
to~

to obtain-methyl iodide concentration values accurate

30% by divid-

ing the r-esults obtained by chromatographic analysis of CSM gas stream
samples by the average correction factor, C/CA

= 0.7.

The· sc:rubbirig temperature,. gas sampling rate, and solution· composition all have important effects on sampling organic iodides.

These

effects are-discussed in the following sections.
3:1

The Effect of Solution Composition
Organic iodides react with nucleophilic reagents--eg, thiosulfate

ahd·hydroxide ions--by a nucleophilic displacement--S

.

2~-mecha:ni~m[ 7 ~:3].

N

For examp·le, methyl iodide reacts with the hydroxide ion:
CH 3I + OH-

~

CH 30H + I-

The pub.lishP.d [ 7 ]. reaction rate constants for the reaction of methyl
iodide with thiosulfate and hydroxide ions, listed in Table II, show·
that the thiosulfate ion reacts much faster thari the hydroxide ion.
TABLE II
REACTION-RATE CONSTANTS OF METHYL IODIDE(
Reactant

7

]

Bimolecular Reaction Rate C:onstant, liter/mole-sec
at 120°C (extrapolated)

Hydroxide ion

6.36 x lo-5

Thiosu'lfate ion

0.0284
0.0331

0.55

64
75
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The results of the laboratory CSM scrubbing tests confirm that the
thiosulfate ion reacts much faster than the hydroxide ion.

In Figures

14 and 15, the fractions of methyl and ethyl iodide penetrating the
scrubbing coil--ie, the fraction not scrubbed--are plotted aeainst the
concentration of thiosulfate or hydroxide ion in the scrubbing solution.
As expected from the reaction rate constants, the thiosulfate solutions
absorbed more. methyl iodide than higher molarity hydroxide· solutions;
more methyl iodide passed through the
0.0~

Na2S203 solution.

~

NaOH solution than the

It is apparent from Figures 14 and 15 that a

large fraction of the methyl iodide will remain in the gas stream being
sampled only if the thiosulfate ion concentration is low; however, hydroxide. ion concentratinn!;: up to 1M can be used without excessive methyl
iodide loss.
Figures 14 and 15 also show.that ethyl iodide reacts much more
slowly than methyl iodide with both thiosulfate and hydroxide ions.

No

reaction with the hydroxide ion and only a slight reaction with the
thiosulfate ion was observed for ethyl iodide.

The probable reason for

the slower reaction rate of ethyl iodide is stearic hinderance.

The

methyl group on the carbon atom to which the iodine is attaehed blocks
the approach of the nucleophilic ion, resulting in the slower reaction
rate.

Tpe slower reaction rate of ethyl iodide (and probably other

heavy organic iodideR) rneanlil that ethyl luclide w.ill be easier to sample
with the CSM.than methyl iodide.

(It_also infers that containment

sprays will be less effective for ethyl iodide than on methyl iodide.)
The best CSM methyl iodide sampling results--ie, highest C/CA
values--are obtained using the most dilute scrubbing solutions.
some sodium thiosulfate and sodium hydroxide
elemental iodine sampling.

appear~

The solutions containing

However,

necessary for
~

sodium hydroxide
.

.

and 0. 007 to 0. OlM sodium thiosulfate appeA.r to provide a S1:l.tis factory ·
compromise.

3.2

The Effect of Scrubb-ing Solution Temperature
The scrubbing solution temperature has opposing effects on solu-

bility and reaction rate.

While the solubility of methyl iodide de-

creases with increasing scrubbing solution temperature, the reaction
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1.4

rate increases with increasing temperature[

7

J.

Thus, an increase in

scrubbing temperature could result in either an increase or decrease in
scrubbing, depending on the relative importance of the solubility and
the reaction rate.
The scrubbing temperature is the only variable affecting methyl
iodide scrubbing which changed significantly during a given CDE run.
The gas sampling rate was held· constant at one of two rates, and the
same scrubbing solution was used throughout the· run; however, the tem:perat'ure varied from about ll0°C at the beginning of a run to ambient at
the end of' a run.

Hence, it is reasonable to attribute the change in

the relative methyl iodide concentration (C/CA) in the CSM scrubbed gas
stream samples during a run to the change in scrubbing

temperature~

This

is· illustrated in Figure 16 where the values, previously shown in
Figure 13, of the fraction of methyl iodide in the CSM scrubbed gas
stream, C/CA'. during CDE Run' 8 are plotted against scrubbing temperature .
.
Increasing the scrubbing temperature increased in methyl iodide absorp-

.

tion (lower· C/CA) apparently as a result of an increased reaction rate.
Figure 16 shows that the effect of the change in s~rubbing temperature. on'C/CA during a simulated LOFT temperature transient is moderate
when sc.rubbing 2 liters/min of gas sample with a basic solution of dilute
(0.005M) sodium thiosulfate.

When the fraction of the methyl iodide ab-

sorbed is small, changes in the absorption rate do not produce large
variations in the relative concentration of methyl iodide in the scrubbed
gas stream.

For example, when C/CA is 0.85, a 100% increase in the

fraction absorbed (from 0.15 to 0.30) results in only an 18% reduction
in C/CA (from 0.85 to 0.70).
3.3

Effect of Gas Sampling Rate
The. t'ime. the atmos.phere sample is in contact with the scrubbing

solution depends· on the. length (or volume) of the common discharge line
leading from the scrubber to the

separa~or

and on the rate at which the

gas. flows through the scrubber and discharge lines.
discharg~

The length of the

lines of the LOFT CSM's will depend on the position of the

scrubbers in the LOFT building and the routing of the discharge lines-a variable which is dictated by the building design and sampling objectives.
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Thus, control of the gas sampling rate is the only means by which the
gas-liquid contact time can be varied.
In. the CDE methyl iodide runs, an increase in the gas sampling rate
resulted in an increase in the methyl iodide concentration in the CSM
scrubbed gas stream, C/CA' because of the reduced contact time.
The exponential eXl)ression:
(l)

where:
Cis the concentration in the scrubbed gas,
CA is the concentration in the containment vessel,.
Q is the gas flow rate,
G

and K is a constant which depends on the scrubbing variables,
also predicts·an increase in C/CA with increasing gas flow rate.

This

exponential equation can be _derived theoretically by assuming that the
absorption rate is proportional to the methyl iodide concentration in
the gas stream and the contact time.

Table _III shows that

Eq~ation

(l)

correlates the effect of increasing the gas flow quite well.
TABLE III
COMPARISON OF EXPERIMENTAL AND CALCULATED EFFECT OF DOUBLING GAS
SAMPLING RATE .ON RELATIVE METHYL IODIDE CONCENTRATION ..IN CSM
SCRUBBED GAS STREAM
Measured C/CA With
CDE Run

l liter/min Flow

C/CA With 2 liter/min Flow
Calculated
·Measured
ExtraEolation

7

0.46

0.68

0.69

7

0.50

0.71

0.71

8-conc. sol'n.

o.4o·

0.63

0.75

8-conc. sol'n.

0 .. 34

0.58

0.58

8 dil. sol'n.

.0.72

0.85

0.81

8 dil. sol'n.

0.63

0.79

0.75
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Column 2 lists C/CA values measured at a l liter/min gas sampling rate.
These values were extrapolated using Equation (l) to a 2 liter/min gas
sampling rate and the extrapolated values listed in Column 3.

For com-

parison, measured values of C/CA obtained at a 2 liter/min gas sampling
rate with the same scrubbing temperature and solution as used to obtain
the values in Column 2 are listed in Column

4.

The agreement between

Columns 3 and 4, which is well within the accuracy of the data, shows
Equation (l) provides a good means of estimating the effect of changing
gas flow on methyl iodide sampling.
Equation (l) s.uggests that C/CA can be increased further by increases
in the gas sampling rate.

However, a gas sampling rate of 2 liters/min

is recommended for use in LOFT because most of the tests have been conducted at this flow rate.

Operation at higher flow rates could lead to

unforeseen difficulties.

4. _HYPOIODOUS ACID SAMPLING
The separation of inorganic iodides from the organic iodides by CSM
was complicated by the presence in the CDE containment atmosphere of a
~olatile,

unreactive, iodine species which has tentatively been iden~
. dous ac1
. 'd . Th e PI
- Samp l er uses a ·b e d o f copper
t 1'f'1e d[lO] as h ypo1o

. zeolite (in suli'ide· f'orm) to trap hypo1M.ous acid and separate it f1·om
the organic iodides which then flow to a subsequent bed (the elemental
iodine is removed before it reaches the copper zeolite b'ed) .

Hypoiodous

acid, ·as determined by the P-I Samplers, usually comprised nearly half
~f

the

io~ine

airborne in the CDE containment atmosphere .following the

initial washout .of the elemental iodine (the balance of the airborne
iodine was mostly methyl iodide).
Hypo:lodouo acid and organic iodides were determined t.o 'hP. thP. major

...

components of the CSM scrubbed gas stream by sampling with P-I type
sorbent beds.

A comparison of the hypoiodous acid concentrations in the

containment vessel and in the CSM scrubbed gas indicates that about half
of this iodine form was scrubbed by the CSM scrubber.

The relative

effects of solubility and chemical reaction cannot be determined from
this data.

Preliminary laboratory tests on scrubbing an iodine vapor
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"·

believed to be hypoiodous acid i.ndicate that this species is a little
more soluble than methyl iodide but that it does not react appreciably
with thiosulfate solutions or bases.
The difficulty of separat'ing hypoiodous aci<;l .from organic iodides
does.not affect the total iodine concentration values from the CSM as
long as ·the total iodine concentrations in both the gas and. liquid
::rLreC!J!lli are measured. - However, two gas stream samples must be taken--

one for total iodine and one for organic

iodides-~as

well as a liquid

stream sample, to determine both total iodine and organic iodide concentrations with the CSM.

5.

PARTICULATE . SAMPLING

Particulates are of importance for the CSM primarily because the
iodine adsorbed on them constitutes a. part of the total airborne iodine.
The CSM is not intended to sample particulates per se because the SP-I
Sampler will be used to determine the particulate
Particul~tes

conc~ntrations

in LOFT.

are not expected to be a major fission-product form in the

LOFT-ECCS tests where .clad failure without fuel melting is expected.
However, there are conceivable cases--eg, gross core meltdown--in which
particulates could be important.

Unfortunately, enough data are not

available on the adsorption of low concentration iodine on particulates
or on particulate releases under LOFT-ECCS conditions to assess the importance of particulates.

Hence, the necessity of determining the

performance of the CSM on particulates should be evaluated .
.The scrubbing efficiency of the CSM scrubber for particulates depends on the particle size.
into the liquid stream.

The scrubber is designed to wash particulates

In laboratory tests (which are discussed in

det:a:i:l ·in ·section 5 ..J) with fluorescein dust,. an early version of the
scrubber effectively .scrubbed particles lar..ger than 0. 2 micron diam, but
most of the finer particles remained in the scrubber gas stream.

CDE

test results likewise indicated effective scrubbing of the larger
particles; however, the finer particles airborne immediately after the
gross meltdown of a Zircaloy-clad fuel pin penetrated the scrubber in
s·ignificant quanti ties.
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Changes in the CSM desi·gn and operating conditions since these early
tests have probably improved the scrubbing performance of the CSM for
particulates.

The addition of the

co~on

discharge line and cooler

through which the atmosphere sample and scrubbing solution flow provides
additional.contact of the scrubbing solution and gas.

Condensation of

steam in this common discharge line will w.ash particulates into the
scrubbing solution by the processes of diffusophoresis, and nucleation
followed by settling.

Conversely, the increase in gas sampling rate.

after the fluorescein tests may reduce scrubbing by reducing the contact
time in the scrubber; however, the addition of the common discharge line
is expected to have the greater effect;
Many particulate species such as U02, Sn02, Mo, and Te02 cannot be
sampled representatively with the CSM, because they are insoluble in the
CRM scrubbing solutions.

Insoluble particulates tend to settle out in

the long lineo and, 'thus, are lost.

The CSM scrubbine; solutions· do,

however, dissolve iodine adsorbed on the particulates.
The CSM scrubber is not an isokinetic sampler.

The three sampling

ports in the vertical wall of the scrubber are oriented_perpendicular
to, rather than parallel with, the vertical convective flow of the containment-atmosphere anticipated in the LOFT.

requir~d[

1

i] for the

a~ curate ~ampling

Isokinetic sampling is not

of. gases and particulates smaller

than 5 microns; these small particles ef:lf:lentially have no inertia.
3

Particles released in fuel-meltdown experiments conducted in the CDE[ ]
12
and ~t ORNI) ] have been significantly smaller than 5 microns. Hence,
the CSM appears

ca~able

of obtaining a representative sample of the

partic.ulates anticipated in .LOFT, without isokinetic sampling.
T?e

labora~ory

fluorescein scrubbing tests and the CDE particulate

tests are discussed in detail in the following sections.
5 .1

Fluorescein Test.s
The results of the fluorescein scrubbing tests (described in

Section ·rr-2.2) showed that changes in the ·gas sampling rate (in the
range from 160 to.650 ml/min) and changes in spray nozzle had no significant effect on scrubbing effici'ency.

The experimental scrubbing

efficiencies for fluorescein dust varied from a low of 95.3 to a high
of 99.5%; however, most efficiencies were between 98 and 99%.
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The published literature on the impaction of particles on moving
13
spray d raps o ff ers an . exp1 anat'10n [ ] f.or th e ob serve d 1 ac k o f eff ec t
of the gas sampling· rate and spray nozzle on the scrubbing efficiency.
The impaction efficiency for spheres, ie, the ratio of the effective
cross section to the actual cross section, is a function of -~,
where:

\J'¥ = Dp 1 v/Cp p V/18~D·c
D

p

C
pp

= diameter

of the particle

= Cunningham
= density
= relative

~

= viscosity

c

slip correction

of the particle

V

D

(2)

velocity between particle and collector

= diameter

of the gas
of the collector

The impaction efficiency, n, which is shown in Figure 17 as a function

..

of-)'¥, rises sharply as

-/1¥ increases

narrow range, changes in

1}-;y- have

from 0.15 to 1.

Outside of this.

little effect.

>.
0

c

Cl)

~

w

0
0

Q.

E

0.5

1.0

~
Fi~.

.

l7 Iprpaction efficiencies of spherical collect,ors
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[ 13]

.

Impaction efficiencies, taken from the· curve of Ranz and Wong

[ 13]

,

for the conditions* of the spray scrubbing tests are tabulated in
Table IV for various dro:J?-./and particle sizes.

The-impaction efficiencies

in Table IV are low for particles smaller than 0. 2 micron but appreciable for larger particles.

The particle size distribution- in Figure 7

shows that 98% of the fluorescein mass is contained by particles larger
than 0. 2-micron diam.

Thi-s 98% fraction agrees with the measured

scrubbing efficiencies.

It thus appears that the cutoff of impaction

efficiency with decreasing particle size is the effect which controls
the measured scrubbing efficiencies_.

Under the conditions of the ex-

periments, the scrubber removes all the dust larger. than 0.25 micron,
a varying fraction of the dust between 0.15- and 0.25-micron diam, and
very little of the dust smaller than·O.l5-micron diam.

In more general

terms; the cutoff conditions of the spray scrubber are an impaction
efficiency of 0. 2 or a value of

'"'fi,

as defined i-n Equation ( 2) , of l/3

TABLE IV
IMPACTION EFFICIENCIES OF SPRAY DROPS
0._6

Particle Diameter, Micron

0.4

0.3

0.2

--

5. 2

0.15

0.1

70 micron droplet size

0.8

0.6

0.4

0.15

0.02

0.0

50 micron droplet size

0.83

0.73

0.55

0.22

0.05

0.0

CD~

•rests
3

In the CDE tests in which fuel pins were melted[ ], particulates
consisting primarily of tin fumes from the Zircaloy cladding were released from the molten fuel pins.

Particulate concentrations of l to

50 mg/m 3 were measured in the containment atmosphere shortly after
meltdown[ 3 ].

The individual particles ranged in size from 0.001 to

0.7 microns and agglomerated into clumps

~ith

a diameter of around

l micron at the time of sampling--usually 15 min after meltdown.
The CSM was operated shortly after meltdown during two CDE runs
*V = 190 ft/sec (70% of the velocity from a frictionless nozzle at
500 psi), p = 0.8 .g/ml, C = 1.
p

.
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with irradiated fuel-pin meltdowns.

In these tests, large quantities

of iodine and particulate fission products, eg, tellurium, were found in
CSM gas-stream samples and plated-out in the CSM gas line.

In another

CDE run in which an irradiated fuel pin was melted, the CSM was not
operated until two.hours after the meltdown.

In this run, no particulate

fission products and very little iodine were found in the scrubbed gas

stream.
The CSM scrubbing efficiency for particulates was also evaluated
in a "cold" CDE test with a tin aerosol generated by heating an unirradiated .fuel pin.

·Beginning 25 min after meltdown, samples of the par-

ticulates in the scrubbed.CSM gas stream were collected on filters and
analyzed by emission spectrometry.

Comparison of the quantities of tin

collected on the filters showed that 95% (on a mass basis) or more of
the tin particles were removed by the CSM scrubber.
It appears that only the fine particulates penetrated the CSM
scrubber during the CDE (fuel pin) runs.

Shortly after meltdown, a

significant quantity of particles finer than 0.1 micron were airborne
in the containment atmosphere.

These fine particles probably carried

adsorbed fission products through the scrubber during the early part .
of the two "hot" runs. ·Late in the CDE runs , little penetration of
particulates through the scrubber occurred

because the fine particles

agglomerated into larger clusters which were readily scrubbed.

6.

GROSS ACTIVITY MONITORING

Gross-activity monitors are located on both the scrubbing-solution
and scrubbed-gas streams to monitor the gross-activity levels.

These

_monitors should determine the time of the arrival of fission products
in the LOFT containment atmosphere and continuously record gross-activity
levels in the containment atmosphere.
The use of gross-activity monitors on the LOFT CSM gas and liquid
streams is complicated by the time lag and backmixing which occur in
drawing the sample streams through the long sample lines.

The CSM re-

sponse to an activity change depends on the gas and liquid flow rates,
·the line lengths and volumes, 'and possibly, the system geometry.
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In

/

general, shorter time lags and less backmixing can be expected if the
gas and liquid flow rates are increased or if the line lengths and
volumes are reduced.
The response of the CSM

gross~activity

monitors to the iodine in-

jections in the CDE tracer runs was used to evaluate the CSM response
The line length used during recent CDE.

to sudden activity releases.

runs--about 130 ft from the scrubber to the separator--is typical of
line lengths expected in LOFT.

The brief releases--1/2 to 2 minutes

duration--used in the CDE tests were assumed to provide an instantaneously mixed containment atmosphere.· Hence, any time lag between injection
and the first response of the gross-activity monitors was attributed to
the CSM; any deviation from a step function response was attributed to
back-mixing in the scrubber.and discharge lines.
Typical responses of the gross-activity monitors to an iodine release in CDE are shown in Figures '18 and 19 which are tracings of the
recorder charts from liquid and gas stream gross-activity monitors,
respectively, from CDE Run 10..

(The gaps in Figure 19 were a result of

gas samples being taken upstream of the gross-activity monitor.)

The

liquid-stream, gross-activity monitor showed a 5-min initial time lag
while the· io.dine traveled through the CSM lines followed by a rapid rise
(20 sec time constant) to the peak activity reading.

The activity read-

ing remained at'the peak level for 2 minutes, then dropped a factor of
5 with a 2-min

~1alf-time

tainment atmosphere.

as it followed the iodine washout in the con-

For the rest of the run, the liquid-stream gross-

activity reading decreased slowly to a nearly constant value.
The gas-stream, gross-activity monitor showed a shorter initial
time lag--3-1/4 min--and a slower initial rise :i.n readine;--1-1/2 min
time constant--than the liquid stream.

Following the peak, the monitor

reading dropped for a few minutes, then became essentially constant for
the rest of the run.
It is difficult to evaluate the responses of the gross-acti.vity
monitors without detailed knowledge of the actual activity concentrations during the CDE runs.

The liquid-stream monitor traces agreed

closely with. the gas and liquid sample analyses, and the shape of the
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Fig. 18 Response of the CSM liquid stream.gross activity monitor to an iodine release--CDE Tracer Run 10.
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Fig. 19 Response of the CSM gas stream gross activity monitor to an iodine re1ease--CDE Tracer Run 10 .

,.

..

liqui:d-stream monitor trace. conforms to the shape expected· for a sudden
iodine injection except for the flat peak (a sharp peak was expected).
From Fi-gures 18 and 19, it appears that by· correcting for a predetermined

..

time lag·, tlie time of an instantaneous release could be determined within
2

or

3 min.

There was no detectable deposition of iodine in the liquid-stream
monitor :i:n which the scrubbing soiution flowed through a "Kjnar" pipe
section.

/

rri·· the earlier runs with fission products released from ir-

radi'ated. fuel pins, there was significant deposition of insoluble fission. products--tellurium, molybdenum--in the liquid-stream monitor;
hbwever, this was eliminated by placing a filter upstream of the monitor
to remove

particulates~

Deposition of iodine in the aluminum* coils of

the gas-stream, gross-activity monitor produced a significant increase
in background activity during the elemental iodine runs.

At the end

of these runs, the background radiation contributed over half of the
total monitor reading.

Efforts to decontaminate the gas-stream monitor

with decontamination solution ( "Kerri 85D" acidified to pH 2) at 70°C
were unsuccessful.
The detectors used in the gross-activity monitors during the CDE
runs were different than the detectors which will probably be used in
LOFT.

A set of 6 G-M tubes wired in parallel was used in most of the

CDE runs het:ause of the lm-r actiVity levels.
~aLisfat:tory

While the G-M tubes were

for the CDE.runs in which a known quantity of single nuclide

was released, detectors., such as an. ion chamber, with a wider range and
.

a response which· is less dependent. on gamma-ray energy
tube would probably be better for the LOFT.

[ 14 ]

than a G-M

The possible fission-product

concentrations in LOFT range over several orders of magnitude, and the
activity wi·ll be. a mixture of nuclides of different gamma-ray energies.
The problems' o:fY ca1Tbrating the LOFT gross-activity. monitors and
interpreting their readings have not been resolved.

Both CSM effluent

streams will contain mixtures of nuclides with different gamma-ray
energies and'brancliing ratios.

The ratios of nuclides will change dur-

ing the test as the short-lived nuclides decay.

The conversion of the

*Aluminum was the on+y material with sufficient ductility to be bent
in the des.;lred coil radi,.us ..
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monitor readings to gross activity concentrations in ~Ci/liter will require extensive calibration along with estimates of the proportions of
various nuclides.

Interpretation of the monitor readings may also

present uncertainties.

The gross-activity monitors will respond primar-

ily to the most active fission products which will be the noble gases--

•

eg, krypton-88, xenon-138--in the_gas stream and their daughters--rubidium-88, cesium-138--in the scrubbing solution stream.

If most of the·

iodine released from the fuel·is retained in the core by the coolant as
is expected, the radio-iodine in the containment atmosphere will be a
relatively minor--<10%--contributo~ to the gross activity lev~ls.

T·

DESIGN EVALUATION

The design of several CSM components should be re-evaluated before
finalizing the CSM design for LOF"l'.

Possi.ble problems and potential

improvements are discussed .in this .section ..
Several different types of gas pumps have been used during the
development program; all have caused problems.
which

f~iled ~o

The carbon vane ·pump

operate during Run 11 had previously operated flawlessly

for three CDE runs and many cold_ tests.

The use of spare pumps connected

in parallel and. the development .of _maint.enance procedures for the .gas ·
pumps are recommended for LOFT ..
The liquid control system failed during CDE Run 11.

This system

pumps the scrubbing solution from the separator at a controlled rate
td prevent the solution from flooding the gas line while maintaining
a liquid seal in the separator to prevent the gas from goin·g into the
liquid 'line.

When gas sampling flow was· increased from a low to a high

rate;· ·scrubbing solution in the line leading to the separator was swept
into

th~

separator by., the increased gas flow at a rate greater than the

liquid pump could remove .. The separator then overflowed and flooded
the gas line.

Although the CSM gas sampling rate probably will not be

changed during the LOFT, the LOFT blowdown pressure surge might also
cause a sudden surge _of scrubbing solution into the separator.

Hence,

an overflow prevention system should be added to the LOFT CSM to prevent
any overflow from -the separator into the gas line.
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'•

The tubing pump used to regulate liquid flow from the separator
worked satisfactorily in the CDE·runs in which the maximum pressure was
22 psig.

•

However, at pressures greater than 25 psig, this pump cannot

maintain the liquid seal in the separator.

If the CSM is operated at

containment pressures greater than 25 psig; a pressure regulator .could
possibly be placed upstream of the· pump to regulate the inlet pressure.
The need for re-evaluation of the CSM gross gamma monitor design
and the decontamination procedures for these monitors is discussed in
Section Ili-6.
The liquid and gas stream total iodine sampling systems should also
be re-evaluated.

The liquid samples were collected in 15 ml glass bottles

capped with a rubber diaphragm.

To facilitate the counting of low-level

samples, the use of a larger sample container with a better counting
geometry should be considered.

If the 15 ml glass bottles are used, the

absorption of iodine in the rubber diaphragm, which occurred in some
tes~s,

should.be studied in solutions with low sodium thiosulfate

concentrations.

The absorber packs used to sample the total iodine con-

centration in the scrubbed gas stream should be redesigned to eliminate
the.iodine penetration observed in some of the CDE·runs at the 2dr 3
liter /min gas sampling rate.

The use of a· flow totalizer to measure·. the

volume of the gas sample going through the gas sampler is recommended.
Leaks were troublesome throughout the CSM development program.
LOFT CSM should be designed to facilitate leak checking.
connections should be minimized.

The number of

It is also necessary to locate the.

discharge line from the scrubber to the separator with a downward or
level slope to allow drainage of the solution .

...
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The

IV.

CONCLUSIONS AND RECOMMENDATIONS

· A Continuous Sampler-Monitor. was developed to determine the fissionproduct concentrations in the LOFT containment-building atmosphere. , A
prototype CSM was tested in .the 86-ft 3 CDE vessel under atmospheric .conditions simulating those anticipated in LOFT with releases of xenon,
methyl iodide, and _an

io~ine

mixtu;re consisting initially of mostly

elemental iodine mixed with ·small_amounts of·organic iodides and hypoiodous acid.
The pez:formance of the CSM in the tests with a single isot.ope is
summarized and recommendations for further work are given in the follow..:
ing paragraphs.
'

F

'

'.

:·

1.

CONCLUSIONS

S~plin~

Noble Gas

•

.The nople gases, xenon and krypton, present few sampling problems .
. Except for a small fraction--expected to be less-than 1%--which dissolves
in the scrubbing solution, the noble gas_es remain in the C.SM sc,rubbed
·gas st.ream where their concentrat_ions can be .. determined by. analysis of
gas.

str~am

samples.

In CDE tests with xenon-133 ,' the xenon concent;ra-

tions. _determin~d from CS1'1 samples and from gas samples taken directly
from. .the
containment
atmosphere . .agreed within 4%.
.
.
.
~

~

. Tot.al Iodine .Sa.nipling
The CsM provides t·otal· iodine concentrations accurate to within 50%.
In two CDE runs, the CSM and P-I Sampler total iodine concentrations
agreed within 10%; however, in two later runs, there was a divergence
probably due to experimental errors between the values obtained by the
CSM at different gas sampling rates and between the CoM and P-I Sampler
values.

The largest difference observed between the CSM and P-I Sampler

results was less than 50%.

-~.

When the airborne iodine consists

prim~rily

of elemental iodine,

most of the iodine will be present in the CSM liquid stream samples;
however, after the elemental iodine washes out, most of the iodine will
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consist of organic iodides_and hypoiodous acid, most of which will be
present in the gas stream samples.
4'

Hence, the iodine content of the gas

stream, as well as that of the liquid stream, must be determined to obtain reliable total iodine concentrations over the entire run.

The gas

·stream total iodine sample is in addition to the organic iodide sample.
Organic Iodide Sampling
The organic iodide concentrations in the containment atmosphere were
determined by chromatographic separation of the organic iodide in samples
taken from the CSM scrubbed gas stream, followed by analysis by gammaray spectrometry.

This value was then corrected for the organic iodides

absorbed by the scrubbing solution.

In a given run with a constant gas

flow and solution composition, the fraction of organic iodide. absorbed
by the scrubbing solution varied as a. result of the variation in containment temperature.

When the CSM was operated at the recommended condi-

tions--a gas sampling rate of 2 liters/min and a scrubbing solution containing

J.!i.

sodium hydroxide and 0. 00~ sodium thiosulfate--the fraction

of methyl iodide absorbed by the scrubbing solution was relatively
constant.
to

~

The CSM then provided organic iodine concentrations accurate

30% using the average absorption correction.

Gross Activity Monitoring
The gross activity_monitors on the CSM gas and liquid streams provided gross activity traces in CDE elemental and methyl iodide .runs
which agreed with the behavior expected in these runs.

There was a time

lag of around 5 min between the time of sampling and the time the activ-·
ity was detected by the monitors due to the time required·to transport
the sample through the 130-ft line which simulated the length needed for
the LOFT installation.

The activity traces obtained in elemental iodine

and methyl iodide t·ests indicate that by correcting for a time lag of
about 5 min, the time of a sudden activity release can be determined
with an accuracy of 2 or 3 min with the CSM gross activity monitors.
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2.

RECOMMENDATIONS

Reliable CSM performance should be demonstrated for a fission-

..

product mixture, including short-lived nuclides and particulates,
released from an irradiated fuel pin under LOFT-ECC conditions . . The

',I

fission product aerosol in the LOFT containment atmosphere will contain
many nucltdes in several different chemical forms, possibly mixed with
nonactive particulates.

This fission product mixture will be more

difficult t6 separate ·and analyze than the single isotopes used in the
CDE tracer runs, and the distribution of iodine s·pecies may differ from
that released in the "elemental" iodine tracer runs.

Also, possible

precursor effects from short-lived nuclides--eg, .formation of cesium-138
particles from gaseous xenon-138 and iodine-132 vapors from particulate
tellurium-132-~should

also be investigated.

The CSM should be tested.in a large containment vessel.

Due to the

rapid washout· of elemental iodine in the 86-ft 3 CDE vessel, the airborne
iodine during most of each CDE run consisted essentially of organic
iodides and hypoiodous acid.

In a large vessel, elemental iodine con-

centrations would remain at a high level long enough to permit· performance of the CSM on elemental iodine to be evaluated.
A fundamenta~ study should be conducted to evaluate iodine behavior
at low concentrat1ons.

'l'he mecfian1si:iiS and Kinetics o:r· ·organic iodide

and hypoiodous acid formation are poorly understood.

The formation of

organic iodides and hypoiodous acid may be affected by the conditions
of the iodine release--eg, temperature; humidity~ moisture presence, a.nd
coolant composition.
ECC conditions and

a

Hence, tests with irradiated fuel pins under LOFTknowledge of formation mechanisms are

n~eded

to

predict the relative concentrations of the different volatile iodine
forms in LOFT.

The possibility of organic iodides other than methyl

iodide should be 'considered; ethyl iodide was observed in one of the
CDE "elemental" iodine runs.

•.

The selection of optimum CSM operating parameters involves a compromise between the requirements of scrubbing inorganic iodine forms
and not scrubbing organic iodides.

The following operating parameters

52

provided satisfactory CSM performance in CDE tests and are recommended
for use in LOFT:
Gas sampling rate

2 standard liters/min

Scrubbing solution composition

~

sodium hydroxide

0.007!1 sodium thiosulfate
Scrubbing solution flow

110 ml/min

Although the CSM performed satisfactorily in most of the CDE runs,
some of the components have caused problems or appear inadequate for the
LOFT integral Test Program.

Hence, a careful re-evaluation and possible

redesign of the gross-gamma monitors, gas PumP, liquid discharge metering pump, liquid discharge control system, liquid samplers, and gas
stream samplers are recommended.

Potential modifications are discussed

in Section III-7 •

•

.·
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APPENDIX

CSM DESIGN DETAILS
The CSM concept and general design are presented in Section II-1 of
this report.

This appendix presents a more detailed description' of the

CSM tested in the CDE facility.

Figure A-1 shows a detailed

flowsh~et

of the CSM installation and Figure A-2, the design of the CSM

scrubber~.

Scrubbing solution is drawn from a storage tank by a piston·pump,
then pumped through a pressure tank (Lapp Pulsatrol Model 38) which
dampens pressure surges.

·The scrubbing solution flow rate depends on

the pressure of the solution being supplied to the spray nozzle (shown
in Figure A-2) which acts as a metering orifice.

The solution feed

pressure is controlled by the pressure relief valve, CSM-9.

The pump

is operated at excess capacity, and the excess solution returns to the
tank through the pressure relief valve.

The scrubbing solution is fil-

tered through a sintered metal filter (10- to 15-micron pore size) to
prevent particles from clogging the fine spray nozzle.

Before reaching

the scrubber, the solution passes through a 100-ft warming coil (which
simulates the anticipated LOFT line length) in the CDE vessel in which
the solution warms to the vessel temperature.
The scrubber (::;_hown in Figure A-2) conciots of·a l-1/2-in. TD by
12-in. long "Teflon" TFE cylinder into which the scrubbing solution is
sprayed downward from the top:

The atmosphere sample enters through

three sample inlets in the side located a little above the spray sheet,
then flows down through the spray and discharges with the·scrubbing solution through a common discharge line.
It is important that leakage into or out of the scrubber be avoided.
Leakage of moisture which condenses on the outside of the scrubber into
the~scrubber

tive samples.

introduces extraneous activity and results in unrepresentaLeakage of scrubbing solution could, in a small vess.el,

change the composition of the vessel condensate and perturb the iodine
behavior in the vessel.

The large cap serves as an "umbrella" to prevent

condensate from running into the sampling inlets.

The rest of the
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CDE Continuous Sampler-Monitor flowsheet.
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A-2

Continuous Sampler-Monitor spray scrubber.

scrubber was machined from a single piece of TFE to avoid unnecessary
joints; however, there is stiil a potential for leakage at the connectors
located at the top and bottom.
A 100-ft delay coil is added to the 3/8-in. ss discharge line
(making 130 ft total length) from the scrubber to simulate the line
lengths anticipated in LOFT.

Downstream of the delay coil, the gas and

liquid effluents pass through a heat exchanger in which they are cooled
below ambient temperature to reduce the water vapor content of the gas
and prevent condensation further downstream in the gas line.

The gas

and liquid effluent streams are separated by gravity in the separator
which consists of a 1-1/2-in. pyrex pipe tee.
The liquid level in the separator is controlled by a system consisting of a differential pressure transmitter, a controller, and a variable
speed metering pump to prevent liquid from overflowing into the gas line
br air from going down the liquid line.

The D/P transmitter measures the

difference in liquid level between the separator and the reference pot
(which drains through valve CSM-67).

Some probl·ems were encountered

.with a-ir pockets in the lead lines to the D/P transmitter.

The Ii /P

transmitter and lead lines must be located below the reference liquid
'·level and: carefully purged with water to remove ali air pockets .

The

metering pump which pumps (or throttles) the flow of solution .from the
separator is a Masterflex* tubing pump with a variable speed motor.
With "Viton" rubber tubing, the tubing pump can regulate the liquid discharge from the scrubber at containment pressures up to about 25 psig ..
At containment prestires greater than 25 psig, leakage through the tubing
pump becomes exces-sive, and air is blown through the pump into the liquid
line.

If the CSM is operated at containment pressures greater than

25 psig, a pressure regulator could be used upstream of the tubing pump
to regulate the inlet pressure.

The control signal (output) from the

controller is amplified by a special motor speed control circuit (circuit
diagram shown in drawing 036~0650-l0-400-400415) to power the metering
pump.

*Cole-Farmer Instrument Co., Chicago.
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1Liquid samples are drawn from the liquid line·

down~tream

metering pump ·through a short length of 1/8-in. ss tubing.

of the

The samples

were collected in 15-ml glass bottles capped with a rubber diaphragm.
~e

sample was injected into and flushed through the bottles with a pair

of hypodermic needles which punched through the diaphragm.

The liquid

.sample entered the bottle through one needle and overflowed through the
other.

Two hottles were taken in s.equence during each sampling period;

the first one was used to flush the sampler and the second, for the
s.ample.

.A -positive pressure was maintained at the liquid sampler by

pl·acing •a check valve ( CSM-88) at the downstream end of the liquid line
to create a back pressure.
Prior to entering the liquid stream gross-activity monitor, the
solution was filtered to collect particulate fission products and prevent
their settling inside the gross-gamma monitor and raising its background.
1~e

liquid stream gross-gamma monitor (labeled liquid radiation monitor)

used G-M tubes (except for CDE Run 11 where a Nai(Tl) scintillator was
used) to monitor the activity flowing through a pipe inside a lead cave.
The output from the G-M tubes was averaged by a count-rate meter whose
output was recorded.

After going through the monitor, the liquid stream

was discharged to the hot waste system.
The gas stream leaving the separator was sampled with two sets of
s·amplers.

Gas samplers HC-1-603 through 606 were 10-ml charcoal packs

designed to collect all iodine forms in the gas being sampled.

The gas

sample bombs .(150 ml) were used to collect gas samples which were
analyzed for organic iodide concentrations by chromatographic techniques .
.The gas stream gross-activity monitor (labeled gas radiation monitor)
was similar to the liquid stream monitor except for the design of the
coil in which the gas stream activity was monitored.

Downstream of the

monitor, the gas strea.Iil·was cleaned by charcoal packs, a drier? and a
filter.

Next, a thermal mass flowmeter measured and recorded the gas

flow rate.
The gas flow rate was controlled by a D/P flow controller--Moore*
Model .63-BD--and a pair of needle valves connected in parallel.
*Moore Products Co., Spring House, Pennsylvania.
59

The

The D/P flow controller maintained a constant pressure difference across
the needle valves regardless ·of the upstream pressure.

When a constant
_)

pressure was maintained downstream of the needle valves, the flow rate
depended only on the valve opening.

The use of ·two (only one is needed)

needle valves permitted changes in flow rate.

A vacuum pump (HC-1-202)

provided a positive pressure difference when the containment vessel
pressure is low.

The pressure downstream of the flow controi needle

valves was regulated by a vacuum relief valve--CSM-19.

The exhaust from

the vacuum puinp werit to the o"ff-gas system.

"'
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