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FOREWORD

The Eighteenth DOE Nuclear Airborne Waste Management and Air
Cleaning Conference was held in Baltimore, MD, August 12-16, 1984,
under sponsorship of the U.S. Department of Energy (DOE) and the
Harvard Alir Cleaning Laboratory. Attending the Conference were 267
ailr cleaning specialists from the United States, Belgium, Canada,
the Pederal Republic of Germany, France, Italy, Japan, the Netherlands,
People's Republic of China, Portugal, Spain, Sweden, the United
Kingdom, and Yugoslavia.

Those familiar with prior Air Cleaning Conferences, will be
aware that the Conference title has been expanded tc¢ DOE Nuclear
Airborne Waste Management and Air Cleaning Conference. This title
does not trip off the tip of the tongue as smoothly as HNuclear Air
Cleaning Conference, but perhaps 1t only needs another 30 years to
sound natural. Indeed, for those of us who have been coming to the
Nuclear Air Cleaning Conferences for many years, the change seemed
at first to be a serious usurpation of a long-established and success-
ful enterprise. But on further reflection, I hope it will come to
be recognized that the commitment of the U.S. Government to the
support of the nuclear air and gas cleaning research and
development has declined seriously in recent years. The
government budget people see a mature nuclear power industry able to
support its own technology. They see a halt in the construction
of new nuclear rower plants. They also hear that the engineered
safeguards at TMI II, including the air cleaning components, did their
job by preventing significant emission of radioactive prcducts of
concern to the environment. ''he conclusion they have reached is not
one that we air and gas cleaning specialists can applaud because we
are aware of important gaps and uncertainties in our knowledge and
in our practices. Nevertheless, the situation I have described
exists, and government support for alr cleaning conferences has waned.

On the other hanid, interest and concern for nuclear wastes have
incressed encrmously ia recent years. Inasmuch as nuclear airborne
waste management incorporates a very large component of ailr and gas
¢leaning techneclogy, tihe combination is a natural one and it is logi-
cal to conclude that combining the two, as we have done at the 13th
Conference, will enricn our knowledge of both, and benefit both.
Therefore, we look ahead to a continuation of these Conferences that
will maintain their central position in the field of air and g&s
cleaning, and, in addition, assume a new 1importance in the field of
airborne waste management. I hope you join me in looking ahead to
an exciting future in our chosen professional fields.
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A meeting of the Government-Industry Committee on Filters,
Media, and Media Testing was held immediately prior to the opening of
the Conference to provide & forum for the exchange of viewpolints
between suppliers and users of alr cleaning equipment and the presen-
tation of reports by various task groups addressing specific issues
and developing air cleaning standards.

A conference of this size and complexity req.lres the dedicated
service and wise counsel of many. The Chairman of the 18th DOE Con-
ference wishes to record his appreciation of the firm support and
willling assistance provided by the Program Committee throughout the
lengthy planning process and during the Conference, itself. Adminis-
trative support for the Conference and preparation of the Proceedings
was ably provided by Mrs. Joan Sullivan at the Harvard School of

Public Health.

Melvin W. First
Conference Chairman
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DEDICATION

The Proceedings of the 18th DOE Nuclear Airborne Waste
Management and Air Cleaning Conference are dedicated to the memory
of Clifford A. Purechsted in recognition of his long identification
with the planning of these Conferences and his many valuable
techniecal contributicns
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CLIFFORD A. BURCHSTED
1921 - 1983
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PRESENTATION OF AN AWARD TO CL1IFFORD A. BURCHSTED
by
Dr. Ronaid Bellamy
on behalf of the

American Society of Testing and Materials

On behalf of the American Soclety of Testing and Materials
(ASTM), it is my special honor co perform the task before me today.
I have an award to present and, like everything we seem to do these
days, there are good points and there are bad points associated with
it. The award is not really a posthumous award, awarded after the
fact to Clifford Burchsted, but an award that the ASTM approved prior
to April 1983. As a matter of fact, the award was approved on March
4, 1983. Unfortunately, the ASTM sometimes works with the same
haste as some of our governmental bodles and there was no opportunity
to present the award to Cliff. We are all aware of Cliff's technical
contributions and accomplishments in. the field of nuclear air
cleaning, as well as his efforts, indeed, his pleasure, in doing the
Jjobs on standard committees that we all dislike so much, such as
serving as chalrman and as secretary. In recognition of his long
and meritorious service in the development of concensus standards,
ASTM has prepared this plague. It reads as follows:

"Clifford A. Burchsted is granted an AWARD OF MER.T
and the honorary title of FELLOW for an active and
constructive role in ASTM standards, especially in
Committee D-28 on Activated Carbon Work, serving as
chairman, secretary, and as secretary to Subcommittee
D28.0Y4 since 1967. By action of the Board of Direr .rs,
March 1983. Signed by the President and the Chairman
of the Board."
This plaque is now presented to Mrs. Clifford (Betty) Burchsted.
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WELCOME. AND OBJECTIVES OF THE CONFERENCE

Melvin W. First
Harvard School of Public Health
Department of Environmental Science and Physiology
665 Huntington Avenue
Boston, Massachusetts 02115

It is my pleasant duty as Chalrman to welcome you to the first
session of the 18th DOE Nuclear Airborne Waste Management and Air
Cleaning Conference on behalf of Harvard University and the U.S.
Department of Energy (DOE), the two sponsors of this Conference.

For those of you for whom the 18th is the first Conference of
this series that you have attended, you will be interested to learn
that the Conferences were started in 1950 under the joint sponsorship
of Harvard University and the then U.S. Atomic Energy Commission.
They continued unchanged during the brief period of the U.S. Energy
Research and Development Administration and then to 1982 under the
U.S. DOE. The Conferences were originally intended only to assirt
the U.S3. effort in the development of nuclear energy and, indeed,
some of the very early Conferences had presentations that were clas-
sified. Most presentations in this category were not published and
~those that were, are now declassified. When it was decided to accept
" only non-classified papers and to hold the Conference in locations
that did not require security clearance for entry, they began to
attract non-U.S. scientists and engineers interested in nuclear air
and gas cleaning technology who first came as spectators but were
soon invited to present napers on their own country's activities in
these areas. Although still sponsored by a Department of the U.S.
Government, these Conferences have become truly international in
scope. On behalf of both sponsors, I wish to make it very clear that
we welcome this participation at the meetings and the contributions by
those from outside the U.S. to the air and gas cleaning literature
that appear in the Conference Proceedings. Indeed, it 1s only by such
world-wide participation in the contents or the Proceedings that the
Proceedings have come to be regarded as the most important and most
complete respository of information on nuclear air and gas cleaning,

and it is available to all.

So, once again, a warm welcome to all newcomevrs to these Con-
ferences, and a very special welcome to those who came from other
countries tc expand our knowledge and enrich our fellowship.

Although we have been downhearted by the recent state of the
civilian nuclear power industry in the US, there are many encouraging
signs that the essential safety of nuclear power is being increasingly
accepted by regulatcry agencies and more fairly reported in the pop-
ular news media. The progress of nulcear power in countries ocutside
the US shows no abatement and there is hope that a new confidence in
the safety of civilian nuclear power will be generated in the US.



- I am firmly of the opinion that the work of those who have con-
triobuted to nuclear air and gas cleaning technology has had an
important part in assuring that safety assessment and I look forward
to airborne waste management technology generating a similar confidence
in the essential Sa?egy of current waste disposal plans.

We hope you enjoy this Conference and that you leave Baltimore
with important new information plus a renewed confidence in our ability
to manage the nation's nuclear enterprises in a thoroughly safe

manner.

\
I wguld like to take this occasion to thank my Program Committee.
The names are listed in the program. They have not only been sup-
portive o f the Chairman, but they have taken a leading role in
developing the program and will continue to lead by chalring sessions
and panels throughout the week. I also wish to thank the Samuel
Steinbergs for their assistance with local arrangements.
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ADVANCEMENTS IN REPROCESSING TECHNOLOGY
KEYNOTE ADDRESS FOR THE 18TH DOE AIRBORNE WASTE MANAGEMENT
- AND AIR CLEANING CONFERENCE

£1inton Bastin
Manager, Reprocessing Development
Office of Nuclear Energy
United States Department of Energy
Washington, D.C. 20%45

The United States Department of Energy has developed significantily improved
concepts for reprocessing nuclear power reactor fuels. These concepts,
which build on successful operating experience in DOE reprocessing plants
at Hanford, Washington, Idaho National Engineering Laboratory, and the
Savannah River Plant, give promise for satisfactory resolution of many of
the institutional, technical, and regulatory problems which have hindered
reprocessing plant deployment in the U.S. Moreover, the reprocessing
consepts allow for plant configurations that are more compatible with
1ikely advanced nuciear power plant deployment plans.

Good reprocessing systems are needed for the U.S. and other nations to
obtain full benefit of the potential premise of nuclear power.
Reprocessing is neaded to isolate and convert highly radiocactive fission
product wastes to forms most suitabie for disposal - and ot course
reprocessing is essentjal for deployment of breeder reactor systems.

Many pelitical leaders in the U.S. are in favor of reprocessing. Others

have objected - on the grounds that it leads teo proliferation of nuclear
weapons. This Administration correctly perceives that effective use of

nuclear materials is essential for other nations - breeders will be

deployed, and fuel will be reprocessed. Table 1 . a synopsis of

power fuel reprocessing programs abroad - dramatizes the laek of any impact
of the past self-denial of reprccessing by the United States. Other

nations are reprocessing, and additional reprocessing is planned.

The U.S. must be a participant if we are to have any voice in what is done
to contrel spread of sensitive technology - and if we are to have a voice
in proper safeguards of nuclear materials. The reprocessing technoiogy
under development by the Department of Energy provides am excellent base
for this participation as well as an excellent base for reestablishing

viable reprocessing in the United States.
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Advancements in reprocessing technology have been made through concerted
effort of Argonne National Laboratory, Allied General Nuclear Services,
Battelle Pacific Northwest Laboratory, DuPont Savannah River Laboratory,
Exxon Nuclear Company, GA Technologies, Hanford Engineering Development
Laboratory, Los Alamos Mational Laboratory, and the Oak Ridge National
Laboratory. Through technology exchangz programs, Power Reactor and
Nuclear Fuel Development Corporation (PNC? of Japan, and the United Kingdom
Atomic Energy Authority have contributed tp these advancements.

Since 1978, the U.S. Government's power reactor fuel reprocessing R&D
efforts have been combined under the Consolidated Fuel Reprocessing
Program. This program is directed by our office; and field management is
by the Oak Ridge Operations Office (ORO) and Oak Ridge National Laboratory
(ORNL), with the bulk of the R&D being done by ORNL and its subcontractors.

Primary emphasis of the Program has been research and development directed
toward reprocessing liquid metal fast breeder reactor uranium-plutonium
fuels. A limited effort is focused on reprocessing thorium based fuels,
carried out at GA Technologies in San Diego. Most of the Development is
generic and applicable to light water and other reactor fuels.

1 was pleoased to note that the Germans plan to use several advanced
concepts similar to ours in their proposed WA-350 reprocessing plant - but
a little envious that they appear to be moving ahead with reprocessing so
much faster than the U.S. I was in Japan week before last, and learned
that PNC has incorporated many advanced concepts similar to ours in their
proposed Fast Breeder Reactor Fuel Recycle Pilot Plant.

A major advancement is a new remote operating, sampiing, and maintenance
concept which is more versatile, provides for remote repair of more complex
equipment, and allows repairs or replacements of cjquipment to be made in a
much shorter time. The new remote concept provides greater radiation
protection to the woirkforce, enhances safeguard protection of fissile
materizis, and minimizes cell penetrations and openings. Many features of
the remote systems can be applied to other activities which must be carried
out in hostile environments.

The new remote system has six major features: (1) reprocessing equipment
installed on "frames” or "modules" with remote connectors on more complex
and failure-prone equipment to permit easy disassembly; (2) modules placed
along the walls of the cells, with the center aisle open; (3) overhead
cranes with 1ifting devices and a suspended transporter which holds
servomanipulators and television cameras; (4) servomanipulators which
incorporate several unique features which I will discuss later; {5)
television viewing instead of shielded windows and periscopes; {(6) and a
remoteiy operated sampling velicle which opérates within the cell or canyon
space.
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The sampling vehicle travels on a track, stops at designated processing or
accountability locations, obtains a sample and replaces an empty sample
vial, then delivers the sample tray to a central station where filled
sample vials are sent to an analytical laboratory. This eliminates
expensive sampie galleries, and reduces personnel exposure to radiation.

The new servomanipulator systems for future reprocessing plants have three
unique features which will permit significantly improved maintenance. They
have force feed back, so that an operator will have feel of the tasks he or
she is performing. Variable forces from 1 to 50 pounds can be handled,
with forces proportioned down to prevent tiring of the operators. The new
servemanipulators have an "elbows dowr" configuration like a human being,
which allows the manipulator to reach into modules. Through the wall
macter slave manipulators presently used in hot cells have the elbows up
configuration which were designed for table top operation and are not
versatile for large-cell usage. The new manipulators use gears and torque
tubes instead of tape and cable drives used in the present manipulators.
Tape and cable drives are prone to failure and must be decoritaminated
before they can be repaired using contact maintenance. However, the use of
gears and torque tubes permits the advanced servomanipuiators to be
medularized so that one arm can repair the other, in place, by simply
replacing the faulty module such as a wrist or arm.

Those developments have been made possible in many cases because of the
many advancements in electronic technology which has miniaturized very
reiliable compunents. Most of the equipment descritad uses digital
cortrols. During my visit in Japan, I saw the new high resolution
television system developed for use by PNC. This system, which has 25
times the resolution (number of lines) of conventional television, will
greatly facilitate viewing of operations and maintenance tasks. A
radiation-hardened version of this system is under development.

Major advancements have also been made in reprocessing equipment. A very
important one is development of advanced centrifugal solvent extraction
contactors. These were originally developed at the Savannah River Plant
and have been used successfully ir a reprocessing plant there for several
years, Argonnz National Laboratory and Savannah River Laboratory desicned
and fabricated smalier urits for 0.5 tons heavy metal per day and G.1 tons
heavy metal per cay capacity visualized for breeder fuel reprocessing.
Experimental woark has shown these units can be used in all three cycles of
Purex reprocessing thus replacing tall pulse columns and saving plant
construction costs. Most importantly, centrifugal contactors have rapid
response, coming to steady state operation in a matter of minutes compared
to several hours for mixer settlers ard several days for pulse columns.
The short contact time alsc minimizes radiation damage to solvent and
permits processing of higher radiation level fuels. The naw centrifugal
contactor design incorporates remote maintenance features to permit rapid

replacement of failed parts.

Breeder fuels differ from LWR fuels in that the fuel pins are encased in a
stainless steel shroud. A system has been developed which uses a laser to
cut the end fittings and s1it the shroud so this metal can be removed and

permii the shearing of the fuel pins directly.

.
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A remotely operable and maintainable shear has been developed. This shear
is hydraulically powered with the main hydraulic system outside the-cell.
The in-cell portion of the shear is in modules which can be easily replaced
if parts fail. It can handle both LWR and breeder reactor fuels.

Another significant development is a continucus dissolver. Its primary
advantage is the large capacity achievable through continuous operation.
It also minimizes the surges of off-gas when the acid first hits the spent
fuel and its washing action dissolves the fuel from the cladding mcre
rapidly. The dissolver is a cylinder which is divided into compartments;
the fuel is moved by baffles which transfer the fuel from one compartment
to the next when the direction of rotation is reversed. The cylinder is
mounted on rollers in a sealed steam chest. Acid is introduced in a
countercurrent direction. The hullis are monitored as they are discharged.
The rotary dissolver is also designed for remote maintenance.

Developments in off-gas processes are largely completed and have been the
subject of several papers through the years at this conference. Our work
oti- this process is largely completed but we are continuing to perform work
on krypton ion implantation at Battelle Pacific Northwest Laboratory in
Richland. This process, which has also been described at previous
conferences, promises a more permanent and stable way of storing krypton

than in cylinders.

The advancements in reprocessing technology that I have discussed -
maintenance features on the equipment components and systems,
electremechanical servomanipuiators, in-cell autcwatic sampler - minimize
cell penetrations and openings and are compatible with a sealed-cell,
low-ventillation-flow concept. Although there are uncertainties in how
contamination will build up, we believe the low-ventilation-flow concept
should be pursued since it may provide a more positive control of piant
effluents. It allows use of an inert atmosphere and helps in cell
atmosphere temperature control. There should be particular interest in
this conference in a facility concept which has ventilation requirements of
& few thousand cubic feet per minute compared with the normal few hundred
thousand cubic feet per minute.

Prototypical reprocessing equipment incorporating the advanced concepts has
been fabricated and testing has recently started in the Integrated
Equipment Test Facility at ORNL. The testing program is i two parts, one
for remote operation, sampling, and maintenance, and the other for
integrated process tests. Our test facilities incorporate state-of-the-art
instrumentation and computerization, and will serve as a basis for major
improvements in reprocessing plant safeguards.

Final steps in the Department of Energy's reprocessing development program
will be a "hot" test with irradiated breeder reactor fuel. Conceptual
design on such & test capability ~ which we call "Breeder Reprocessing
Engineering Test", or BRET - has b~en ongoing over the past year.
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BRET and the incorporated advanced reprocessing technology can provide a
technical framework for U.S. participation in international cooperation in
reprocessing technology, including the important goal of formulating
adequate safeguards on an international basis. The advanced reprocessing
technology provides an zxcellent base for reestablishing viable
reprocessing in the Urited States.




Country

Argentina

Belgium

Brazil
Canada

China

Federal Republic
of Germany

France

TABLE 1

SYNOPSIS OF POWER REACTOR FUEL REPROCESSING*

Facility

tEzeiza

HERMES
Eurochemic

Rio de Janerio Area

- Whiteshell

Hilli
Jupiter

WAK
WA-350,

OUTSIDE THE U.S.

¥resent

Capacity MgHM/yr.
0

0.5

sites in Baveria and

Lower Saxony under

consideration

UP1-Marcoule
UP2-LaHague

UP3-LaHague

AT-1 (LaHague
SAP/TOR {Marcoule)

PURR (Marcoule

250-400 LWR or
800 Magnox

0.1
1

Planneo

1

0.5
C

0.5

350 LWR

400-450

800 LWR
800 LR

0.1
5

50-100

Comment

HWR fuel pilot plant under construction;
scheduled startup 1986.

Hot chemistry LWR and FBR fuel plant
12.5 MgHM/yr. LWR fuel facility closed
tn 1974, ruiupe $tartup with expansion
to 30 MgHH/yr. being considered.

Hot chemistry LWR fuel plant under
construction.

Hot chemistry CANDU/thorium fuel pilot
plant.

China has nuclear explosive materials
reprocessing capability which may be
adaptible for' power fuels.

Hot chemistry LWR & FBR

HTGR fue? pilot plant awaiting license
for startup

LWR {uel pilot plant

Proposed construction start 1985, hot
operation 1992.

Presently used for nuclear explosives
materials reprocessing, but being
modified for Magnox type fuel.

Expansion program scheduled for
completion in 1988.

Under construction; completion scheduled
for 1990.

Hot chemistry FBR fuel pilot plant.

LWR and FBR fuel pilot plant-TOR head-en
provides higher thruput.

FBR fuel plant has been under consider-
ation, but construction deferred
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Table 1 ~-continued

Present Planned
Country Facility Capacity MghM/yr.  Capacity MgHW/yr. Comment
India PREFRE (Tarapur) 25 25 LWR, HWR and “research” reactor
fuels plant
Kalpakkam - 25 Under construction; scheduled for
startup mid 1980°s. [ncludes smal]
FBR fuel capacity.
Italy EURE X 5 5 LWR fuel pilot plant
ITREC 1 1 FBR and thorium fuel pilot plant
Japan Tokai-LWR 35 35
JINFS-No site - 800 Planned early 9990z
Chemical Processing
Facitity (Tokai) 0.01 0.01 Hot chemistry FBR fuel pilot plant
FBR Fuel Recycling
*iiot Plant - 6 For MORJU FBR fuel
Pakistan Rawalpindi 0.5 0.5 Hot chemistry HWR fuel pilot plant
reported to be under construction
Ch:sma - 15
USSR Khlopin Radium
Institute, Leningrad 0.1 0.1 LWR fuel pilot plant
? ? ? LMFBR fue) pilot plant
? ? ? East European nation and other purchaser
of USSR LWR reactors will return spent
fuel to USSR, but no information avasl-
able on facilities or facility plans.
United Kingdom Sellafield (Windscale)
- Magnox 2060 2000
Sellafield - LWR - Small 25 ton/yr. Facility closed
in 1973; may be operated for RiD.
Sellafield - THORP
(LWR/AGK) - 1200 Farts under construction. Completion
scheduled 1989 or later.
Sellafield Pilot Plant 0.1 0.1 Hot chemistry to support THORP
Dounreay 1 ] FBR fuel pilot plant

JONIHIINOD ONINVITO HIV GONV INTFWIODVNUYA 3LSVM INYOGHIV HVITONN 300 uisL
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NEW SOURCE TERMS: WHAT DO THEY TELL US
ABOUT ENGINEERED SAFETY FEATURE PERFORMANCE

Robert M. Bernero
Director, Division of Systems Integration
U.S. Nuclear Regulatory Commission

Abstract

The accident behavior models which are the basis of engineered
safety feature design are generally simple. non-mechanistic and concen-
trated on volatile radioiodine. Now data from source term studies show
that models should be more mechanistic and look at other species than
volatile iodine. A complete reevaluation of engineered safety features

is needed.

There are more than 100 nuclear power reactors operating or close to
operating in the United States today. These reactors are a single generation
with respect to the general basis for their design of engineered safety
features. The models of accident behavior used for these reactors can be
traced back 20 years. These models were used to describe accident behavior
and thereby controlled the design of engineered safety features. Not only
did these models control the design but through that control they influenced
the development of the data base for the designs. One exampie of that in-
fluence is the current work on a round robin test program for nuclear carbon
filters, which I believe was reported in .a paper yesterday afternoon.

What then were these original models of accident behavior which stiil
affect so much today? The principal one is described in TID-14844,(1) which
has served as the technical basis for many U.S. regulatory decisions. This
document was published in early 1962, to be used as a technical basis for
regulatory decisions regarding the siting of nuclear reactors, and thereby
bec:me a very important basis for the design of containment and related
engineered safety features. These early models, in TID-14844 and related
work, were developed in an era when few power reactor designs were available
to analyze, and the reactor accident experience was dominated by the Windscale
reactor accident of 1957. Thus, it i3 not surprising that early models were
rather general, not very mechanistic, and focussed on the transport and
release of radioiodine as the principal interest. The use of these models
was most significant in the 10CFR Part 100 dose calculation. This calcu-
lation, which has been made for every power reactor in the U.S., simul-
taneously challenges the reactor containment with the pressure and tempera-
ture loads of the largest Toss-of-coolant accident and the fission product
release-of a core melt as derived from TID-14844. The source term or
accident release of interest here is the release from the fuel and reactor
coolant system into containment. Later one is interested in the release
or source term for the environment.

11
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Given these combined loads, and assuming the tested leak tightness of
the containment, the analyst must show that people offsite will not suffer
unacceptable radiation doses to the whole body or the thyroid, even in bad
meteorological conditions. From this postulated set of conditions we get
some expected sensitivities. From the loss-of-coolant accident conditions
we get very high humidity, especially important if we use charcoai filters
as engineered safety features. From the TID-14844 we get a lot of volatile
jodine. It is not surprising that in all the years of these calculations it
was the thyroid dose, the radioiodine contribution, that controlled. Our
attention, and our engineered safety features, concentrated on controlling
radioiodine. We have installed charcoal filters and used chemical additives
to containment spray to enhance iodine capture. We have imposed very tight
leakage requirements on very Targe containment buildings and built a system
of emergency response which concentrates on radioiodine release. We have
even considered the distribution of potassium iodide tablets to the general

public to block the intake of radioiodine.

And then on March 28, 1979 the worst 1ight water reactor accident in
the U.S. power industry occurred. Many of you probably participated as I
did in the response to and the study of that accident. You may recall that
in the response to that accident we kept projecting the release of radio-
jodine and looking for it, but did not find it. We learned quite a few
lessons from that TMI accident, and are still learning some today. We
say that, in spite of the many safety design features, a minor mishap could
escalate into a serious core damage event. We saw the importance of operator
error in the cause of accident, and of operator prudence in the recovery from
accident. We saw 50% cladding reaction produce so much hydrogen that itis
ignition prodee? a vigorous pressure pulse in containment, while our rules
of calculation showed less than 5%. We saw the humidity of loss-of-coolant
accident, but no direct containment leakage. We saw much radioiodine apparently
release from the fuel but after the hydrogen combustion and contaimment spray
of the first day we saw no iodine in the containment atmosphere, and essen-

tially none released.

Many wanted to conciude from the TMI-2 accident and other accident
experience that there would be no significant release from a light water
reactor in a severe accident. The NRC and others chose to take a hard
scientific Took at the matter, to revise our models accordingly, to re-
examine our regulatory analysis and to follow to conc]us1ons which could be
supported by the scientific evidence,

. The Fiyst step in this effort was completed with the publication of
NUREG-0772(3} in 1981, the NRC's first ?valuation of LWR severe accident
behavior since the Reactor Safety Study 4) of 1975. The Reactor Safety Study

had begun the work of reassessing core melt behavior in a much more mecha-

nistic way than TID-14844 but lacked the time or the resources to pursue
detailed questions of fission product form and transport. -In 1981 NUREG-0772

did not provide a new source term or source terms for reactor accidents but

it did provide a solid technical basis for the direction of NRC's source

term reevaluatioi.

12
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By the end of 1982 there was so much source term related work going on
under NRC sponsorship and by others, that the NRC formed a special Accident
Source Term Program Office (ASTPO) to coordinate the work. I have had the
privilege of directing that office. To bring the source term work to a use-
ful conclusion we set up a program of four elements. The first two of these
elements are essentially complete now, the third is nearing complction, and
the fourth element, the reassessment of source t¢ . will be published for
comment early next year. This four-element progrum is based on recognition
of the complexity of source terms, If we define severe accidents as those
in which severe core damage or core melt takes place, we must recognize that
severe accident behavior and attendant fission product transport will be
unique to each different accident scenario in each different type of reactor
used in this country. This complicates the process of evaluation by requiring
the consideration of a broad range of physical conditions in accident scenarios
such as core melt taking place at different reactor, coolant system pressure
levels, with different amounts of water at different places in the reactor
system and the containment, etc. This complexity is compounded then when
you move to the different reactor and containment system designs we use in this
country. We have pressurized water reactors (PWR) and boiling water reactors
{BWR). We have three PWR vendors, each with some variation in the product
line offered. Containments for PWRs include large dry, subatmospheric, and
ice condenser designs. The large BWRs, although soid by a single vendor have
many variations, including three basically different containment system designs.
A1l of this complexity means that for each design and each scenario there is
a unique source term, almost too many to number. The challenge for the analyst
is to explore the range to determine just how different one is from another.
The problem becomes much more tractable if many such source terms are adequately
represented by a single description, for example, one of the release categories
of the Reactor Safety Study. In the face of this complexity the NRC has
pursued a source term reevaluation program which considers the range of designs

and scenarios.

The first element of the four-element program was to gather together the
many sources of data and analysis upon which one can base estimates of fission
product behavior in the course of a severe accident. This data base is rela-
tively large, diverse, and is still growing. Earlier this month Test i-3
was run in the Power Burst Facility reactor at the Idaho National Engineering
Laboratory. This test subjected a bundle of high burnup reactor fuel to actual
core melt conditions, up to about 2500°K, with extensive monitoring of its
behavior and its releases. This test is one example of the continuing growth
of the data base which is the foundation of our models for reevaluation and
later the confirmation of that work. A compendium report of the data base has
be:n prepared by Gak Ridge National Laboratory and will be released shortly

as ORNL/TM-8842.

The second element of the NRC source term program is the calculation of
radionuclide release under specific LWR accident conditions. The principal
part of this work has been performed by Battelle Columbus Laboratories under
NRC contract. The r?§?1ts of this work are just now being published as draft
volumes of BMI-2104. The Battelle work analyzes accident sequences in six
reference plants which cover the spectrum of U.S. designs. They include three
PWRs; Surry (subatmospheric containment), Zion (large dry containment), and
Sequoyah (ice condenser containment), and three BWRs; Peach Bottom (Mark I

13
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containment), Grand Gulf (Mark III containment), and Limerick (Mark II con-
tainment). The Limerick plant was added to the 1ist quite recently and its
report will be published a 1ittle later this year. These Battelle analyses
are not intended to be comprehensive accident sequence and risk assessments
of these plants. Rather they are analyses of specific accident conditions,
chosen to cover the range of interest for al?! plants so that others could

develop groups of sequences, related to these, to characterize the risk of
any plant. The Battelle reports being published now have already undergone
extensive peer review, but are being released as drafts to encourage even

wider comment.

-And. that.brings.me.to. the. third element -of the NRC-sgurce..term program,
peer review. As I said before scurce terms are important to regulatory e
decisions. The experience of TMI and the analysis in ..UREG-0772 both suggest
that substantial reductions in regulatory source terms may be in order. The
NRC is not willing to make any leap of faith to adopt lower source temms.
The technical basis for such revision must be painstakingly deveioped - and
thoroughly reviewed to ensure that no unfounded regulatory positions are
taken. 1In addition, a thorough, public review process by its very nature
makes the work and the use thatl can be made of it open to the general public.
The peer review of the NRC source term work comes from many sources. First,
there is independent work of a similar nature being performed by peers in the
field. Examples are the studies on four of the same plants being conducted
by the Industry Degraded Core Group (IDCOR) and the technical studies of a
special committee of the American Nuclear Society under Dr. William Stratton.
NRC and its contractors are following these activities very closely and com-
paring their models and their results to those we have sponsored. There
is a substantial amount of severe accident research going on in foreign
countries too; we are taking great care to follow this work as well.

In addition to regular comparison with similar work by others, the
NRC source term work has been undergoing structured peer review. A1l
through 1933 and into 1984, the BMI-2104 work was presented and reviewed
step by step with a selected panel of experts in public meetings. And
then in mid 1983 the American Physical Society, under a grant from the NRC,
formed a Source Term Study Group to review the scientific basis for source
term estimation. That Study Group is chaired by Professor Richard Wilson
of Harvard University. They have been reviewing this work since last year
and are now preparing their evaluation. We expect to see the Americen
Physical Society report at the end of 1984. With it we feel that the
scientific basis of the source term work will have received an acceptable

tevel of peer review.

The first three elements of the source term work then are; ona, the
gathering and identification of the data base for source term estimation,
two, the use of that data base to calculate releases under specific accident
conditions, and three, the thorough peer review of the work. What then is
the fourth element? Element 4 of the source term work is the use of the new
fission product behavior information to reevaluate the spectrum of severe
accident releases from a pfant or, in other words, to reevaluate the risk
of that plant. To assess the risk of a plant a synthesis of fission product
transport estimates and other factors is needed. The first thing needed is
a Tist of the important accident sequences for the plant along with their
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freguencies of occurrence. Then for each accident sequence one must estimate
the 1ikelihood of different modes of containment failure. The contairment
failure path has very great significance for the release estimate. Then,
with a tabulation of accident sequences and containment failure outcomes,

onie can add the fission product transport appropriate to the scenario and
generate a 1isting of accident releases and their frequencies. Such a listing
is the input to a risk code such as CRAC, and defines the public risk from
the plant. For the six reference plants being studied in the NRC source term
studies, there already exists a probabiiistic risk assessment (PRA}. In
add1t1on, the NRC-sponsored Accident Sequence Evaluation Program (ASEP) is
reviewing the accident frequencies for these plants and correcting them to
reflect later knowledge and things 1ike the post-TMI .changes. In the con-
tainment area important new work is taking place, For years PRAs have

~modelled overpressure failure of reactor containments an ultimate strength

hursting, somewhat 1ike the bursting of a balloon. Only in the past year or
so have analysts begun to construct and obtain data for leak-before-break .
models. These models are much more suitable for treating the complexities

of overpressure and overtemperature behavior. The NRC has formed two working
groups to obtain the best estimates of containment behavior. The Containment
Loads Working Group is developing the estimates of the pressure and temperature
challenges to the containment. The Containment Performance Working Group

is developing the estimates of the mechanical response of the containment to

these challenges.

As the vesults of this work are becoming available the product of
Element 4 is taking shape. It is a sequel to NUREG-0772 and will be called
NUREG-0956, a Reassessmient of the Technical Bases for Estimating Fission
Product Behavior During LWR Accidents. NUREG-0956 wiii pull together all of
this work with its uncertainties and assess the risk and regulatory significance
of it all; it will be published in draft form for public comment shortly after
the r2lease of the American Physical Society report. That should be very early

in 1985.

If the results of all this work won't be complete until early next
year, what can we say now about their effect on engineered safety feature
performance? Right now I think the volumes of BMI-2104 are a very useful
source of information. If we look there now we can see that many of the old
models are substantially incorrect. In many sequences the relative humidity
is not so close to saturation. In all of the sequences most of the radio-
iodine moves as the salt, cesium ipdide, and not as one of the more volatiie
forms. Aerosols, inert aerosols, appear in abundance in many sequences.
Although the toctal quantities available for release appear to be substan-
tially lower, different elements compete with iodine for importance. Our
old practice of using radioiodine as the controlling form of radioactive
release is no ionger valid. I urge your attention to these reports now.

When this work is completed next year a substant1a1 reevaluation of engineered

safety features is warranted.
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DISCUSSION

HULL: As a minor correction, I should indicate that Wind-
scalewas an air-cooled not a gas-cooled reactor. My question is; Can
you estimate when the current source term study might lead to some
modification of the emergency planning zone?

BERNERO: Yes, quite true about Windscale. I was trying to
contrast gas (air)~cooled vs. water-cooled for effect on soluble
specles such as iodine. The current source term studies will culmin-
ate with the publication, in early 1985, of NUREG-0956 which will
recommend prompt reconsideration of emergency planning requirements.
How long it will take to get it into the regulatory and political
process is difficult to say. For interesting new insights on emer-
gency planning see NUREG-1062 and NUREG-1082 (to be published in about
60 days) which are based on WASH-1400 source term. Prompt attention
is being given to this work and the conclusions reached just as fast
as they are published. There have been public meetings and public
peer review. They enable all, whether against or in favor of nuclear
power, or neutral, to see what's going on, ‘to hear what's golng on,
and to have very prompt access to it. If I were to guess at all, I
would say next year, with the availability of formal positions being
taken by the NRC, formal positions possible by others as well, that
you could expect to see a prompt address of this information.

KAISERUDDIN: What do you see as the major impact(s) of the new

studies on the U.S. reactors which are operating, or are in advanced
stages of construction?
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~ - not necessarlly evacuation.
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EERNERO: The princlpal lmpacts on operatlng reactors and near
term operating licenses will be in changed -pPerceptions on emergency
planning and on posslible relaxation of requirements for englneered
safety features, such as contalnment leak rate testing, lodine
filtration, etc. If nothing else, our emergency planning regulation
says, "a planning racdius of ten mlles", but most people have interpreted
it to be an evacuation radius. I have been trying to argue people
out of that for a number of years. It is supposed to be "planning",
I think the new information, even 1f it
doesn't change the radius at all, will give people the appropriate
perspective, that the focus of attention is at the fence,not 10 miles
away from the fence. If you look at the new data, the new analyses,
you will find that even in the first half mile or mile, noble gases
and things like that make you want to pay attention. If you ever
get in extremis, and have releases, those are the people you need to
worry about with a sense of promptness. The people out at 10 milles
have a great deal of time, even wilth the o©ld analyses, to deal with
a matter of very low probability. So what I see 1s at least a very
substantlal tempering of our safety understanding. Reactors Jjust
aren't as risky as they have been portrayed in the reactor safety

study.
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INTRODUCTICN OF MR. HUMPHREY GILBERT
by
Melvin w. First

Our program has been didicated to the memory cof Clifford
3urchsted whom, I'm sure, most of you knew not only personally but
through his writings as well. We have invited Mrs. Burchsted to come
and te with us this morning during this program and I am delighted
that she 1is here in the audience. She wrote me aletter recently and
asked i1f I would read it. She said:

"My sincere thanks for your invitation to attend the
air cleaning conference as a guest. I look forward to
hearing Humphrey Gilbert's memory of Clifford Burchsted
and the memorial lecture that follows. Among Cliff's
greatest satisfactions was his work with the various
technical society committees, the air cleaning confer-
ences, and the Harvard air cleaning workshop. He
certainly treasured his friendship with all his
assocliates in these various activities. Thank you for
your kindness. Sincerely yours, Betty Burchsted

(Mrs. Clifford A. Burchsted)."

Sur first speaker in this section of the program is Mr. Humphrey
Gilbert who is a consultant in the field of nuclear air and gas clean-
ing technology. Prior to his becoming a consultant, he was an empolyee
of' the Division of Safety of the original Atomic Energy Commission,
starting at the time of the Manhattan Project, and he continued in this
activity until his retirement a few years ago from the successor agency.
His retirement was not in any sense a withdrawal from his technical
work but merely a transfer to another sphere. Humphrey Gilbert was a
leader in the development of nuclear safety through air and gas clean-
ing developments, starting from the very beginning of this activity.
Certainly, he had a enormous influence on, and hand in, the development
of the high-efficiency particulate gir filter that we know today as
the HEPA filter, and he has had an important role in the development
of nuclear carbon for the adsorption of volatile iodine. Not only did
he help in the development of the technology, but he constantly urged
all of the installations that were under the control of the Atomic
Energy Commission to improve their facilities and bring them up to a
satisfactory standard. If we were to choose one important thing, out
of many that he has accomplished, in my opinion, it would be his
continual emphasis of the role of safety and the influence he has had
in making all the sifes much more safety-conscious, as well as safe.
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A RECCLLECTION OF MR. CLIFFORD BURCHSTED
(A Memorial)

Humphrey Gilbert
Consultant
McLean, Virginia

Clifford A. Burchsted, "Cliff" to his friends and associates, was
engaged in the air cleaning field for 16 years. In that period of
time he established a record of performance and achievement rarely
accomplished in several decades of endeavor.

Upon his entry into air cleaning in 1967, there were only two manuals
available in the high-efificiency are3y a small elementary booklet on
filter installation and ma%&}enance and a treatment of British
systems by White and Smith of the United Kingdom Atomic

Weapons Research Establishment at Aldermaston. A more detailed
manual on high-efficiency air cleaning was considered necessary for
the use of the national nuclear energy progrziu. The Atomic Energy
Commission (AEC) referred the need to their Oak Ridge Operations
Office. It was delegated, in turn, to the Oak Ridge National
Laboratory (ORNL) where Cliff Burchsted and A. B. Fuller were
enlisted to compile and edit the publication. They completed their
assig?ggnt and the original edition of the manual was issued in
1970. Cliff likewise was sen%gs editor for a revised edition

of the manual published in 1976.

Clifford Arnold Burchsted was born August 19, 1921, in Braintree,
Massachusetts, received his B.S. degree cum laude in industrial and
mechanical engineering from Northeastern University, Boston, Massa-
chusetts, and in 1959 he earned an M.S. degree summa cum laude from
the University of Tennessee. Cliff served with the U. S. Army Air
Corps from 1942 to 1946 during World War II and then was an engineer
in 1948 with Tuttle and Bailey of New Britain, Connecticut. Later in
1948 he became a plant engineer with Sample Durick Company, Chicopee,
Massachusetts. In 1952 he joined 0Oak Ridge National Laboratory.

During his tenure at ORNL, Cliff served on a significant number of
committees of national standardizing bodies, the American Society for
Testing and Materials (ASTM), American National Standards Institute
(ANSI), and American Society of Mechanical Engineers (ASME), for
example. This stood him well. It provided him with ideal experience
for his subsequent association with the air cleaning field. In fact,
Clifford was particularly well qualified for the technology. He
became very interested in air cleaning and his association with the
pursuit was a highly compatible relationship from the beginning. . He
had a sharp and retentive mind and often was able to supply from
memory the specific details of certain codes and standards needed at:
the moment. He was a readily available compendium of codes and
standards.
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Cliff's affiliation with air cleaning seemingly was brief. During
that short period, however, his interest and effort were unabated.
He was most energetic, never refusing a committee assignment and
often volunteering, usually to be secretary of the committee, a
tedious position rarely sought. Yet, he performed in a timely and

effective manner.

In his association with air cleaning, Cliff charted an enviabilie
record of performance and achievement. He was a fellow of the
American Society of Mechanical Engineers. In 1974 he received the
Monroe Seligman award of the Institute ¢f Environmental Sciences for
his contributions to air cleaning. He was named a fellow of the
Royal Society for Health, United Kingdom. He produced the first
standard on nuclear-use activated carbon for the Atomic Energy
Commission. He lectured at the industrial ventilating conference of
the University of North Carolina and annually at air cleaning
workshops conducted by Harvard University School of Public Health.
He served on committees of the American Society of Mechanical
Engineers, American Society for Testing and Materials, the American
National Standards Institute, and the American Association for
Contamination Control. In addition, he was able to present eleven
papers to various nuclear air cleaning conferences and one to a
symposium held at the United Nations in New York City by the
International Atomic Energy Authority. He still found time to serve
as advisor to the Boy Scouts Explorers of Clinton, Tennessee, and he
chaired the local Citizens Advisory Committee. His last task was
secretary cf the committee to formulate policy for filter test
facilities of the Department of Energy.

In retrospect, he did well. His service and accomplishment have
accorded the air cleaning field a lasting endowment.
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INTRODUCTION OF MR. JOHN W. AKDY"
oy
Melvin W. Pirst

John W. Landis is seuicr vice president and a director of Stone
& Webster Engineering Corporation cof Boston, Massachusetts. His
responsibilities include worldwide buciness development, governmental
relations, advance technology, llaisou with professional societies
and trade associations, and public information. He is a licensed
professional engineer and a member of the National Academy of

Engineering.

Before joining Stone & Webster early in 1975, Mr. Landis held
various executive positicns with two power~system suppliers, Gulf
General Atomic Company (a division of Gulf 0il Corporation) and The
Babcock & Wilcox Company. As group vice president and then president
of Gulf General Atomic from 1968 to 1975, he was in charge of the
development and commercialization of three types of advanced nuclear
power systems, including basic components and services. From 1965 to
1968 he was general manager of B&W's Washington (D.C.) operations.

In twelve previous years with B&W he had »isen from director of customer
relations in the Atomic Energy Division to manager of that Division.

His major accomplishments included obtaining B&W's initial nuclear-
power contracts, establishment and management of the Lynchburg nuclear
complex, and overall supervision of several pioneering nuclear-power
projects, ircluding the Consolidated Edison Thorium Reactor (indian
Point 1), the N.S. Savannah, and the Advanced Test Reactor.

Prior to 1953 he was a reactor and project engineer for the
Atomic Energy Commission, and independent consultant in guided missiles
and nuclear energy, head of science and engineering test development
for the Educational Testing Service, a Navy ordnance officer during
World War II, and a research engineer with Eastman Xodak Company.

For many years HMr. Landis has been active in the effort to
establish uniform standards in the energy industry. He was a director
of the American National Standards Institute from 1968 to 1980 and
president of the Institute from 1975 to 1Y78. From 1966 to 1971 he
was vice chairman and then chairman of the Institute's Nuclear
Technical Advisory Board and from 1969 to 1974 chairman of its Nuclear
Standards Policy Committee. He is now a trustee cf the Institute's

International Fund.

In his capacity as chairman of the Environmental Protection
Committee of the United States Nationeél Committee of the World Energy
Conference, Mr. Landis is a leader of the nation's anti-pollution
movement. He is also a director of the USNC.

Mr. Landls was one of the founders of the American Nuclear
Society and has served the Society 1n many capacities, including
treasurer, vice presldent and president. He was elected a fellow in
1966 and currently is chairman of the Public Education Program Advisory
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Committee, finance chairman of the NEED Committee, and a member of the
Standards Steering and Standards Policy Committees.

He is also a fellow of the American Society of Mechanical
Engineers.

Chairman of the Board of Trustees of Randolph~-Macon Woman's
College, a trustee of Lafayette College, and a member of several
university advisory committees, Mr. Landis continues to devote a
substantial amount of time to improving the nation's educational
system. He is a charter member of the Republican Senatorial Inner
Circle and of the Republican Presidential Task Force. He has been a
director of Central Fidelity Banks, lnc. since it was organized 1in

1970.

Mr. Landis was graduated from Lafayette College summa cum laude
in 1939 and received an honorary Doctor of Science degree from the
College in 1960 for his contributions to the development of nuclear
power. The George Washington Kidd award, which memorializes the
College's first graduate, was presented to Mr. Landis in 1972 1n recog-
nition of his "distinguished accomplishments in nuclear engineering"”.
He is a member of Phl Beta Kappa, Tau Beta Pi, Sigma Xi, Omicron Delta

Kappa and Pi Delta Epsilon.

He has been awarded eleven prizes and fellowships and has
written over 120 papers and given over 300 addresses on technical
subjects. He has served on the boards of numerous educational,
charitable, trade and civiec organizations, and as a member of ten
federal and state government advisory committees. He is currently a
member of the Department of Energy's Energy Research Board.
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NUCLEAR STANDARDS: CURRENT ISSUES AND FUTURE TRENDS

John W. Landis
Senior Vice President
Stone & Webster Engineering Corporation

Clifford Burchsted Memorial Lecture

I am indeed grateful for the opportunity you and your
Conference Committee -have given me to add another wvoice to the many
raised today to honor the memory of a departed colleague whose life
and works are an inspiration not only to all who knew him person-
ally but also to many who knew of him and tock the time to review
his distinguished technical publications and standards activities.

It is particularly pleasing to note that the audience for my
brief remarks is such a large group of eminent and influential
scientists and engineers. This observation encourages me to try to
initiate a dialogue today rather than just state my own beliefs and
opinions -- which are largely derived from the beliefs and opinions
of the people with whom I have been associated in the standards
movement during the past three decades. I therefore invite those
of you who have comments to make on my discourse to relay them to
me either right after this morning session ends or during breaks in
the afternoon program. I would sincerely appreciate your input.

My presentation will be, first, a summary of the important
issues that currently face us in the nuclear-standards field, and,
second, a concise discussion of how each of these issues is be-
ing -- or can be ~- resolved.

To clarify my thoughts as much as possible, I shall put the
issues in question form, listing them not in the order of their
importance but in an order that hopefully knits them into a coherent
whole. Listening to the gamut of issues prior to hearing a digest
of the proposed solutions and implementing actions should help you
cross the many bridges that interconnect them.

Although I realize that a number of you are well-versed ~-
indeed expert -- in the development and use of standards, and that
you probably have at least as deep an appreciation of the vital
role that standards play ir. our lives as I have, I cannot resist
the temptation to spend two or three minutes, prior to getting into
the main body of my presentation, outlining some personal views on
standards. .

Standards are one of the main foundations of modern civili-
zation in that they condense in docunentary form the vast
technological experience that man has accumulated. This experience
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has been cbtained primarily from commercial operations, not
experimentation in laboratories. Thus, standards to a great extent
spring from what scientists, engineers, craftsmen and allied workers
have learned in the past, and in turn standards determine the nature
and quality of most of the materials, equipment and facilities we
use today -- not to mention how we use them.

Properly developed standards produce great economic benefits
by: '

¢ Establishing, and gradually raising, acceptable levels of
performance, reliability and safety.

o Increasing productivity and reducing overall costs.

o Simplifying and routinizing many commercial and technical
operations so that maximum effort can be devoted to
improvement and innovation.

o Minimizing environmental effects.

o Expediting licensing.

o Providing a rational basis for contracts.

o Reducing misunderstanding between suppliers and users.
o Expanding both international and intranational trade.
o Fostering new applications of existing technology.

Standards should not be used, except in very unusual circum-
stances, to introduce new ideas, methods, materials, equipment or
facilities. This would be a clear case of "putting the cart before
the horse'. Since the quality of modern life, not to mention
modern life itself, depends in large measure on the validity of the
standards we adopt, we must be extremely careful to base them on
germane experience, sensible interpretation and logical generali-
zation and to insure their acceptance by all interested parties.
This is especially true in view of the fact that standards developed
by the voluntary consensus standards system utilized in the United
States and many other countries are often incorporated into codes
used ‘by local, state or national-government agencies to regulate
various business activities.

In other words, standards are normally derived or developed
from commercial experience well after commercial feasibility has
been demonstrated; they underpin the economic viability of indus-
trialized nations; and because they hewve such a profound effect on
our lives they must be drafted prudently and judiciously by a
cross-section of all the parties involved.

I like to conclude this mini-essay with a simple but perhaps
provocative statement: One can, in my opinion, evaluate the
technological maturity and capability of a nation more readily by
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examining the body of engineering standards it has developed than by
any other means. If that body is incomplete, capriciously organized,
burdened with unnecessary requirements, based in significant

measure on fragmentary or unsubstantiated data, generally vague and
confusing, and/or institutionally oriented, the technological
foundation of the nation is bound to be weak.

One more bit of preliminary information may be useful before
I hit you with my list of issues. This concerns the role of the
American National Standards Institute {(ANSI}; in leading the volun-
tary consensus standards movement in the United States.

ANST does not write (develop) standards. Its main functioms
are to crystallize national standards pclicy, to help identify
national and international standards needs and priorities, to
arrange for competent and willing organizations to undertake the
necessary development, to provide effective procedures for this
development and the subsequent consensus approval process, to
monitor compliance with these procedures, and finally to certify
compliance and publish the results.

ANSI gives coherence to a massive program involving more than
200 professional and trade organizations and 900 companies -- redu-
cing duplication and conflict and providing many other managerial
services. It is therefore often described as the ''mational clear-
inghouse for standards'.

The issues I have assembled for you are these:

1. Does the extant library of nuclear standards satisfy the
current needs of the nuclear industry?

2. What actions on standards must be taken -- and by whom --
to meet the future needs of the nuclear industry?

3. Should nuclear standards generally be developed prior to
the promulgation of regulations, in concert with the
promulgation of regulations, or after the promulgation of
regulations?

4., Are there any rules-of-thumb that can be utilized to
determine when the applicable technology has matured
enough to warrant the development of specific nuclear
standards -- particularly those concerned with design,
construction and/or operation?

5. How can we insure better communication and coordination
between nuclear-standards developers and nuclear regula-
tors?

6. What additional procedures should be established to

resolve differences between approved nuclear standards
and published nuclear regulations?

25



18th DOE NUCLEAR AIRBORNE WASTE MANAGEMENT AND AIR CLEANING CONFERENCE
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ew standards or modifications of existing standards
d in the following key areas?

Storage of spent nuclear fuel

Reprocessing of spent nuclear fuel

Nuclear waste management

Nuclear spare-parts management

Human-factors engineering for nuciear facilities
Probabilistic risk assessment for nuclear facilities
Decommissioning of nuclear facilities

Performance analysis of nuclear facilities

hat other nuclear areas are new standards or modifi-
ons of existing standards needed?

Now the answers to these questions -- which I am confident
will contain clear signals regarding future directions of nuclear-
standards activities.

1.

2.

Does

the extant library of nuclear standards satisfy the

current needs of the nuclear industry?

What
to me

In large measure -- yes. Several areas of deficiency
have been identified, however. They include electri-
cal systems, control systems, instrumentation,
valves, and emergency procedures.

actions on standards must be taken -- and by whom --
et the future needs of the nuclear industry?

Standards~-development organizations must take
aggressive action to upgrade the membership of cer-
tain nuclear-standards committees. Too often
companies contributing personnel to these committees
offer only individuals who happen to be available,
not those who are best qualified to undertake the
difficult and complex work of the committees.
Corporate top managements must be conivinced of the
importance of the nuclear-standards preogram. They
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must be made to realize that unless talented, straight-
thinking, experienced peopla are assigned to standards
committees and stimulated by adequate compensation and
recognition, the nuclear industry will be in even
greater jeopardy in the future than it is today.

A bona fide, lasting commitment must be obtained from
a sufficient number of corporate leaders to guarantee
that the nuclear-standards program is properly funded
and staffed. If it is not properly funded and staffed,
the standards which form the foundation for acceptable
levels of public safety and high-~quality performance
and reliability will be flawed and misleading. Cor-
recting the massive errors that would result would be
prohibitively expensive.

While it is recognized that members of nuclear-stan-
dards committees will present their personal and/or
company viewpoints, clear instructions must be given
to them, when appointed, that in the final analysis
they are working for the industry as a whole, not
their parochial interests.

Many existing nuclear standards need substantial
overhauling, simplifying, and updating. If this job
is-put off much longer it may be impossible to perform
on anything but a crash basis -- which would be both
inefficient and disrupting. All nuclear standards
must be treated as living documents -- that-is,
continuously adapted to current condi:ions.

Safety considerations must not be permitted to over-
whelm other aspects of quality in the nuclear industry.
Standards must be written with not only safety in
mind, but also performance, reliability, cost, and
production feasibility. Safety standards are useless
if they only apply to facilities and equipment that
cannot be built or will not run.

Additional planning for and coordination of the
nuclear-standards program must be provided by the
American National Standards Institute. A possible
means of accomplishing this would be to increase
industry involvement in the Nuclear Standards
Management Board. Public review of proposed nuclear
standards -- and institutional response to such
review -- must be expedited.

In all nuclear-standards devélopment the main objective
should be to achieve high quality the first time a
task is performed.

3. Should nuclear standards generally be developed prior to
the promulgation of regulations, in concert with the
promulgation of regulatinns, or after the promulgation of
regulations?
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Prior to the promulgation of regulations whenever
possibile. The nuclear industry is not an orderly
operation, however, and occasionally it will be
necessary to develop standards after the promulgation
of regulations. It is not feasible under present
conditions ~- or under conditions envisaged for the
near future -- to develop standards in concert with
the promulgation of regulations.

4. Are there any rules-of-thumb that can be utilized to
determine when the applicable technology hasmatured
enough to warrant the development of specific nuclear
standards -- particularly those concerned with design,
censtruction and operation?

The only rule-of-thumb that appears to apply across
the board in the nuclear-standards program is: When-
ever, in the collective judgment of the cognizant
committee, there are sufficient hard data from a
verified calculaticn, an experiment, a series of
experiments, operation of a prototype plant, or
operation of a demonstration plant to support a
crystallization of design and performance criteria,
the process of preparing a nuclear standard may
commence.

5. How can we insure better communicatiocn and coordination
between nuclear-standards developers and nuclear regula-
tors?

By implementing the provisions of the National Policy
on Standards that call for establishment of a Private
Sector Standards Coordinating Center and a counter-
part Government Sector Standards Cocordinating Center.
When formed, one of the chief duties of these two
centers will be to improve communication and therefore
ccordination between nuclear-standards developers

and nuclear regulators. Also by encouraging nuclear-
standards committees to deal directly with the Nuclear
Regulatory Commission (NRC) whenever practicable and
appropriate. 1In this connection, the NRC should be
asked to give more authority to its unit that deals
with nuclear-standards bodies and to publish periodi-
cally for use by these bodies a concise summary of

NRC needs and proposed actions.

6. What additional procedures should be established to resolve
differences between approved nuclear standards and pub-
lished nuclear regulations?

The Nuclear Regulatory Commission's appeal process
should be streamlined.

7. In what ways do or should standards help to improve
quality in the nuclear industry?
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8.

10.

11.

By defining and/or establishing acceptable solutions
of recurring problems; by enhancing engineering,
manufacturing and construction efficiencies through
establishment of performance criteria, characteristics
of products, procedures, methods, materials and
systems -~ and through interchangeability; and by
serving as a basis for improved communication and
promotion of mutual understanding.

What must be done to insure more effective and more
uniform use of nuclear standards?

The Institute of Nuclear Power Operations (INPO)
should take steps to feed the voluminous informaticn
it is collecting to appropriate nuclear-standards
committees. The American National Standards Institute
should assist in this distribution by keeping INPO
informed of the activities and mailing addresses of
all active committees.

Nuclear-standards committees should be on the
distribution lists for pertinent publications of the
Nuclear Regulatory Commission and the Electric Power
Research Institute.

Internal committee procedures should be modified to
permit effective digestion and utilization of these
data and reports.

Is the existing voluntary standards system adequate for
the development, approval, distribution and use of nuclear
standards?

Yes, if the provisions of the National Policy on
Standards are implemented.

Should a major thrust of the nuclear-standards program
now be toward revision of stancdards to reflect experience
gained from past plIant design, construction, operation
and maintenance?

Yes. This trend is already well under way. Several
technical societies represented at this Conference
have launched formal programs to weed out obsclete,
superfluous or misleading standards, upgrade marginal
standards, resolve differences in interpretation of
certain standards that have confused their users, and
halt the production of all proposed standards that are
not absclutely essential. This trend will gain
strength, in my opinion, throughout the next decade.

Are new standards or modifications of existing standards
needed in the following key areas?

* Storage of spent nuclear fuel
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Reprocessing of spent nuclear fuel

Nuclear waste management

* Nuclear spare-parts management

Human-factors engineering for nuclear facilities
Probabilistic risk assessment for nuclear facilities
Decommissioning of nuclear facilities

Performance analysis of nuclear facilities

E

b

Yes -- primarily in the areas of nuclear waste
management, nuclear spare-parts management, human-
factors engineering for nuclear facilities, and
performance analysis of nuclear facilities.

12. In what other nuclear areas are new standards or modifi-
cations of existing standards needed?

Additional action should be taken in the area of
certification and qualification of QA personnel to
prevent the Federal Government from requiring that
inspection and auditing be done by its designated
agents.

There you have the thoughts that I have been able to pull
together on the current issues and future trends of the national
nuclear-standards effort. I close with a comment dedicated to the

memory of Cliff Burchsted.

Much has been written in the last decade about the importance
of voluntarism in the United States. We've heard a great deal
about people who serve without pay on government commissions and
committees and indeed occasionally in full-time governmeut jobs.
We've seen articles in Reader's Digest and other national magazines
extolling the virtues of garden c¢lubs who beautify communities and
countrysides at their own expense, of senior citizens who donate
their time to helping children and young adults in various ways, of
boy and girl scouts who take on civic-improvement projects, of
women who work sans salary as hospital aides, of men's clubs who
organize and underwrite various charitable operations, of volunteers
in the Peace Corps, of people who serve without compensation of any
sort in all manner of neighborhood and eleemosynary enterprises. I
acknowledge the worth of these activities. I contend, in fact,
that without them the quality of life in America would be disagree-~
ably low. But let's not forget that voluntary standards action
falls in this same category and that it too is vital to an acceptable
quality of life.

Every individual that I know of who serves on a voluntary
standards committee contributes a .ignificant portion of his own
free time to -the committee's work. This is akin to the contributions
made by physicians serving on hospital boards or the contributions
of businessmen serving on the boards of civic institutions. In
many cases the work is vocation-related -- but it is well beyond the
call of duty and untainted by personal gain.

This is the type of service that Cliff Burchsted rendered to

society for over 30 years.
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DISCUSSION

FIRST: I was struck by your comment near the end of your address
about the vital need for certification for quality assurance personnel.
I noticed it particularly because of a fairly bitter experience our
Committee on Nuclear Alr and Gas Treatment has had over the past few
years. We have prepared a personnel certification standard for those
who test air and gas cleaning equipment in nuclear power plants,
usually referred to as in-place testing. This document has been
uniformily rejected by the utilities and by the nuclear standards
board of ASTM on the basis that NQA-1 has all the information that

is necessary for this type of qualification. We think that NJA-1

is far less specific than it should be,and we think there needs to

be specific qualification criteria. I wonder if you would care to
comment on what I think is a very difficult and leading question.

LANDIS: You stated the case very well and, in part, answered the
question. I would just add that I agree with Dr. First that we do
need to establish more specific guldelines, maybe not standards at
first, but guidelines, at least with respect to accreditation of
certalin people in the QA fleld; particularly inspectors and auditors.
I would say that it is much more desirable, and this is my maln point,
for us .as an industry to develop a standard to do that rather than
have someone outside the indusftry, some agency or some group, dictate
to us what we should do in the way of accreditation. I believe that
that type of thinking is more straight-forward, more cogent for the
body of people working in the QA field than for the people in the
government, or in management, or in some regulatory operation.
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Session 2

IODINE ADSORPTION AND ADSORBENTS

MONDAY : August 13, 1984

CHAIRMEN: M.J. Kabat
Ontario Hydro
J.W. Jacox
Jacox Associlates

REGENERATION OF THE IODINE ISOTOPE-EXCHANGE EFFICIENCY FCR NUCLEAR-
GRADE ACTIVATED CARBONS
V.R. Deitz

INFLUENCE OF AGING ON THE RETENTION OF ELEMENTAL RADIOIODINE BY D=EP
BED CARBON FILTERS UNDER ACCIDENT CONDITIONS
H. Deuber

LONG-TERM DESORPTION OF !3¥!I FROM KI-IMPREGNATED CHARCOALS LOADED WITH
CH,I, UNDER SIMULATED POST-LOCA CONDITIONS
A.C. Vikis, J.C. Wren, C.J. Moore, R.J. Fluke

A STUDY OF ADSORPTION PROPERTIES OF IMPREGNATED CHARCOAL FOR AIRBORNE
TODINE AND METHYL IODIDE
L. Qi-dong, H. Sui-yuang

EVALUATION OF QUATERNARY AMMONIUM HALIDES FOR REMOVAL OF METHYL IODIDE
FROM FLOWING AIR STREAMS
W.P. Freeman, T.G. Mohacsi, J.L. Kovach

INVESTIGATIONS ON THE EXTREMELY LOW RETENTION OF !3¥I!I BY AN IODINE
FILTER OF A BOILING WATER RLACTOR
H. Deuber, K. Gerlach, J.G. Wilhelm

TRANSMISSION OF RADIOIODINE THROUGH SAMPLING LINES
P.J. Unrein, C.A. Pelletler, J.E. Cline, P.G. Voilileque

ANALYSES OF CHARCOAL FILTEKS USED IN MONITORING RADIOACTIVE IODINES3
S.M. Langhorst

OPENING REMARKS OF SESSION CHAIRMAN KABAT:

Welcome to the second sessilon of the 18th DOE Nuclear Airborne
Waste Management and Air Cleanling Conference. Tradltionally, the
radioiodine sessionssignificantly contributed to the high technical
standard of previous Alr Cleaning Conferences. It 1s evident that
at thils sesslon we shall also hear valuable data and information on
recent developments 1n this challenglng area - carbon aging and
regeneration, the ldentiflicatlon and removal of alrborne specles of
radliolcdine, 1ts long term desorption from KI-impregnated chearcoal,
new impregnatlon methods and materials, radlolodine retention 1n
sampling lines, and the analysls of radioiodine sample collectors.
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REGENERATION OF THE IODINE ISOTOPE-EXCHANGE EFFICIENCY
FOR NUCLEAR-GRADE ACTIVATED CARBONS

Victor R. Deitz
Naval Research Laboratory
WHashington, D.C. 20375

Abstract

The removal of radioactive fodine from air flows passing through
impregnated activated carbons depends on a minimum of three distinguishable
reactions: (1) adeorption on the carbon networks of the activated carbons, (2)
iodine lsotope exchange with impregnated iodine-127, and (3) chemical combi-
nation with impregnated tertiary amines when present. When a carbon is new, all
three mechanisms are at peak performance and it is not possible tc distinguish
among the three reactions by a single measurement; the retention of methyl
fodide~127 is usually equal te¢ the retention of methyl iodide-131. After the
carbon is placed in service, the threet mechanisms of iodine removal are degraded
by the contaminants of the air at different rates; the adsorption process
degrades faster than the other two. This behavior will be shown by comparisons
of methyl iodide~127 and methyl iodide~131 penetraton tests. It was found
possible to regenerate the iodine isotope-exchange efficiency by reaction with
airborne chemical reducing agents with little or no improvement in methyl
iodine-127 retention.. Exemples will be given of the chemical regeneration of
carbons after exhaustion with known contaminants as well as for many carbons
removed from nuclear power operations. The depth profile of methyl iodide-131
penetration was determined in 2-inch deep layers before and after chemical

treatments.

I. Introduction

The research activities at the Naval Research Laboratory in the field of
nuclear-~grade carbons may be divided into three categories. First, new carbons
from several sources were systematlically degrsded by exposure to unfiltered
outdoor air flow in three geographical locations fur time periods up to fwo
years. All carbons were found to degrade with respect to the radioactive iodine
trapping efficiency(l). The penetration for three types of impregnation are
shown (Figure 1); those containing only KI, did not do as well as those
containing both KI and TEDA (triethylenediamine).

Secondly, the question was then ralsed as to the behavior of an activated
carbon after service (thus exposed to weathering) under a postulated DBA
(design basis accident). The Regulatory Guide 1.52 (Revision 2, March 1978)(2)
stipulates that the carbon in Atmosphere Cleanup Systems must operate in an
average radiation level of 102 rads for iodine buildup on the adsorber. It waan
reported in 1982(3) that service carbons exposed to radiation levels of 107
to 109 rads actually improved on the iodine isotope exchange capacity as
measured by methyl iodide-131 exchange (Figure 2). Moreover, the same samples
shoved little or no improvement in the adsorption of methyl iodide-127. This
obssrvation established the exjistence of completely independent reactions that
can take place within the domain of Impregnated activated carbons.
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Figure 2: Decrease in penetration of methyl iodide-131 with increase of total
exposure on the NRL LINAC.

Third, it has now been found possible to regenerate the iodine isotope
exchange efficiency of a used carbon by reaction with air-berne chemical
reducing agents at ambient temperature. Examples are given for carbons degraded
with known contaminants and for carbons removed from nuclear power operations.

II. Experimental Results

Chemical changes upon Degradation and Regeneration

The atmospheric contaminants that chemically degrade nuclear carbons
include ozone, sulfur dioxide and the nitric oxides. Special attention has been
directed to ozone. The reaction of ozone with potassium iodide in a weak alkali
solution ie known to be as follows:

303 + I~ 3 307 + 103"

If the same reaction takes place on a KI-impregnated carbon, one would expect to
find K103 in a weathered carbon. In order to test this hypothesis a coconut
shell carbon (GX~212) was impregnated with aqueous KIO3 (2 wt%). The pene-
trations of methyl iodide-127 and of methyl iodide-131 with methyl iodide~127 as
carrier were determined before and after irradiation to 108 rads on the NRL
LINAC. If the radiolytic reactions reduce the iodate, a significant decrease in
methyl iodide-~131 penetration would be observed. The results (Table 1) demon-
strate that this indeed took place. There was little change in the methyl
iodide~127 penetration, determined under similar conditions (using an eleztron
capture detector (4)), indicating no change in the adsorptive properties, oaly
changes in the lodine isotope exchange process.
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Table 1: Penetration of Methyl Iodide Through a New Coconut:

Carbon Impregnated with KIO3 (2 wt. %)
(Preparation 1)

Exposure Teat Gas Penetration, %
Original Mei-131 ) 6.0
Original MeI-127 5.0
LINAC at 108 rads MeI-131 0.89
LINAC at 108 rads MeI-127 6.9

The results (Table 1) are consistent with earlier observations{3). Since
the original carbon was new, i.e., not weathered, the methyl iodide-131 pene-~
traton agreed with that for methyl iodide~127. After irradiation, ~here was a
100-fold decrease in methyl iodide-131 penetration, but that for methyl iodide-
127 was about the same. It can be concluded that the K103 of the impregnation
was converted by radiolysis into a chemical spscies that exchanged more readily
with methyl iodine~131.

Several organic corjounds are available that chemically reduce KICj3 in
solution and one of these, hydrazine, reacts as follows (5):

2 K103 + 3 NpH; 3 3 Ny + 2 KI + 6 Hy0

A second quantity of the impregnated activated carbon (2.1% KIO3 dry basis on
NACAR G-212) was prepared and the methyl iodide~131 penetrations were determined
for the following: (1) original impregnation, (2) after irradiation to 108 rads
on the NRL LIKAC, and (3) after chemical tveatment with a dilute hydrazine
solution. The solution was sprayed into a slowly rotating cylinder containing
the carbon and the product air dried in a glass tray. The results (Table 2)
indicate a close correlation between the chemical reactions in radiolysis
and the chemical reduction of KIO3 by hydrazine to form KI.

Table 2: Comparison of Radiolysis and Chemical Treatments of KIOj
Impregnated Carbon (2 wt. %) (Preparation 2)

Exposure Test Gas %Penetration

Original KIO3 MeI-131 4.4
Impregnation

LINAC at 108 Rads MeI-131 0.13

Chemical Treatment MeI-131 0.3

The depth profiles of methyl iodide-131 retained in the test beds (Figure
3) were exponential and indicate the uniformity of the impregnated and the

treated materials.
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Figure 3: Gradient of CH3I~131 retained in the test bed before and after
chemical treatment (NRL 5297) (2nd preparation of KIO3 impregnated

carbon).

The oxidized iodine species need not necessarily be an iodate ion. In
order to demonstrate this possibility, a stream of ozone in oxygen (0.10%) was
directed through a new KI-impregnated activated carbon (MSA 463563) for 10
hours. No odor of ozone was detected at any time in the effluent. Aliquots of
the ozone-treated carbon were then treated with hydrazine in one case and
methyl-hydrazine in the second. The results (Table 3) indicate improvement with
hydrazine after the ozone treatment of a new carbon. In other examples, the
ozone pretreatments were made in the presence of water vapor and lead to
extensive degradations having 10-20% penetration of methyl iodide-131 for
similar new carbons (1),
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Table 3: Chenical Treatments of Ozone-Trested Carbons
With KI Impregnation.

Treatment Methyliodide-131
Penetration
None 0.05
Ozone 1.0
Chemical reduction 0.52

It may be concluded that the two independent operations -irradiation and
chemical reduction ~ lead to the formation of iodidz ion (I”) and thus convert
the original iodate, or other oxidized iodine species,into one that readily

exchanges with I-131.

Chemical Treatment of Carbeons Removed from Service

The carbons removed from service in commercial adsorbers had been exposed
to a large variety of contaminants, some of which are oxidants like ozone; the
presence of cother contaminants can also interfere with rates of chemical
reduction. Samples of service carbon that had been removed from service (NRL
5291) were treated with different amounts of hydrazine. The initial material
had a penetration of methyliodide-131 of 38.5% when not prehumidified and 42.2%
vhen prehumidified (16 hours at 95% RH). The carbon was rotated slowly in a
horizontal cylinder with lifting vanes while the small volume of solution
containing the hydrazine was slowly introduced by spraying. The carbon retained
a dry appearance after the addition.

Each sample was then tested for methyliodide-131 penetration and the
results (Figure 4) showed improvement in direct proportion to the amount of
hydrazine introduced. Good reproducibility is shown by the two points at "“C" in
Figure 4, namely 8.0 and 7.8% respectively. The carbon before removal had been
in service for about four years and, as mentioned above, the initial penetration
of methyliodide~131 was considerable. Had the carbon been treated periodi-
cally, for example, after about 6 months service, the recovery would have been

more complete.

The reducing agent to be used in this application is not intended by itsels
to remove radioiodine that might be released from nuclear reactors. Such a
scheme was proposed in 1966 (6,7) and entailed the formation of a stable aerosol
by the gas phase reaction of hydrazine (or its unsymmetrical dimethyl
derivative) with released radioiodine, followed by the aerosol filtration. The
present objective is to reform the isotope-exchange properties of the impreg-
nated activated carbon which will then continue to function after the
reducing agent has reacted.
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Figure 4: Improvement in methyl iodide-131 retention after hydrazine
treatments. (Initial penetration was 38.5%).
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A second carbon sample removed from service at another site (NRL 5143)
improved from 31.0% to 3.0% after hydrazine treatment. The sample was also
treated in a different expecimental arrangement and improved from 31.0% to 2.2%
with respect toc the penetration of methyl iodide-131. The test bed had been
prepared in four equal layers and each was counted before and after the test.
The depth profiles (Figure 5) of the methyl iodide~131 retained by the test
sample after the treatments were not quite linear as they are for a uniform

packing.
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Figure 5¢ Depth profile after chemical treatment.
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Three additional samples of GX~176 removed from service (Savannah River
Laboratory) were treated with hydrazine and the results (Table 4) are compared
with the starting material ) and with LINAC izradiation samples.

Table 4: Methyl Iodide-~131 penetration with GX~176 samples removed
from service {Savannah River Laboratory)
Methyl Iodide-131 Penetration, %
Original lﬁﬁﬁkads Hydrazine
C-3 compartment, 30 months 69 41 7.4
K=3 compartment, 18 months 41 0.16 1.9
P-2 compartment, 14 months 28 0.21 9.0

IITI. Concluding Remarks

Important requirements of airborme reducing agents for the regeneration of
the iodine-isotope exchange capacity of auclear-grade carbons include the

following:

i. Wetting of the carbon surface

2. Mobility on the carbon surface

3. Rapid desorption of possible products
4, Reaction at ambient temperatures

In general, chemical reactions in solution {in vitro) are subjected to dif-
ferent constraints than between the same reactants adsorbed on carbon (in
carbono). The radiolysis in vapor and liquids can be different than with the
same reactants adsorbed on carbon. Some basic reasons for this behavior are

given below:

I. The activation energy may be different in each of the modes, i.e. bond-
breaking in the gas phase is less probable than in a liquid at the same concen-

tration and temperature.

II. The entropy changes may be different in each mode because of the
adserption of products in carbono; the molecular orientation in the adsorbed

phase relative to that in solution.

III. The concentration gradients may influence the attainment of steady
states from mass action point of view to different extents.

IV. Solvation effects in liquids may not be present in gas or vapor.

V. Dimensional changes in carbon-adsorbed mode are different than volume
changes in vitre.
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DISCUSSIGH

DEUBER: In many cases the aging of activated carbons is primarily
due to adsorption of organic compounds, we found this in our nuclear
power stations in Germany. In these cases there would be little
improvement by application of hydrazine. Do you agree?

DEITZ: Although a large number of volatile organic vapors are
not retained by activated carbon in continuous air flows, there are
some vapors from paint formulations and degreasing solvents that are
retained. Eventually, the surface can attain a sufficiently high
coverage to block the access of all airborne vapors. That will
decrease the contact of the hydrazine with whatever you are trying to
reduce. TFor the mest part, we find that you can't regenerate.

VIKIS: Does hydrazine accumulate on charcoals? Are there any
risks of an explosion?

DEITZ: Hydrazine does not accumulate on charcoals in the flows

used in our laboratory work. Instruments are belng developed and tested
at the Naval Research Laboratory to detect concentrations in the

parts per billion range and the effluent from the charcoal appears to

be below these low levels.

XKOVACH, J.L.: What were the temperature, humidity, and pre-

equilibration time and other test conditions for the tests which you
: 42
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presented?

DEITZ: The methyl 1odine-131 tests for samples wilthdrawn from
service were made at 30°C, 95% RH and no prehumidification. The flow

parameters were those given in D-3803, ASTM.

KOVACH, J.L.: You got only 6% penetration on standard test
condltions with KIO3 impregnation?

DEITZ: Yes, for that particular one. ‘e started wlth a new base
carbon, and lmpregnated it with about 2% potassium iodate. Remémber
it was new carbon. You can load these carbons with ozones frcm a

swimming pool generator that emits con-zentrations up to 1%. It will
reduce efficiency down to about 30 to U40% penetration but, in this. . .
case, you :zan regenerate. .o S

WATSON: Have you data on the rate of aging after hydrazine
regeneration?
DEITZ: Insufficient data are in hand at present to answer tinis

query. In one set of experiments, we regenerated it after exposure
to outdoor air, then exposed it to ozone and regenerated with
hydrazine, making tezts as we went along. So far, three cycles is

about as far as the money has gone.
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INFLUENCE OF AGING ON THE RETENTION OF ELEMENTAL RADIOIODINE BY

DEEP BED CARBON FILTERS UNDER ACCIDENT CONDITIONS

H. Deuber
Laboratorium fiir Aerosolphysik und Filtertechnik
Kernforschungszentrum Karlsruhe GmbH
Postfach 3640, D-7500 Karlsruhe 1
Federal Republic of Germany

Abstract

No significant difference was found in the retention of I-131
loaded as Iy, by various impregnated activated carbons that had
been aged in the containment exhaust air of a pressurized water
reactor over a period of 12 months. In all the cases, the I-131
passing through deep beds of carbon wus in a nonelemental form. It is
concluded that a minimum retention of 99.99 %, as required by new
guidelines for certain accident filters, can be equally well
achieved with various carbons in deep beds.

I. Introduction

German pressurized water reactors are egquipped with iodine
filters for cleanup of the annulus exhaust air in an accident.
These filters are deep bed carbon filters (see below). According to
new guidelines, the minimum retention to be achieved with these fil-
ters in a de i?n basis accident (LOCA) is 99.99 % for elemental
radioiodine. {2} (The corresponding value for organic radioiodine is
99 %.)

In order to ascertain by which carbons the minimum retention
of 99.99 % can best be achieved, investigations were performed on
the retention of elemental I-131 by various impregnated activated
carbons in deep beds under simulated accident conditions.

In this paper investigations witih four impregnated activated
carbons are covered. In order to determine the influence of pollut-
ants, the carbons were aged in the containment exhaust air of a
pressurized water reactor over a period of 12 months. The results
obtained with these carbons without aging have already been presen-
ted. ( More data, pertaining in particular to additional carbons,
have been published elsewhere.

Previous studies on the retention of elemental 1I-131 by im-
pregnated activated carbons, mostly in shallow beds, have been r.
viewed in the paper on new carbons.
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II. Data of PWR Annulus Exhaust Air Filters (LOCA)

Data on design and operation of annulus exhaust air filters
in German pressurized water reactors (PWRs) during a LOCA have al-
ready been presented in the paper indicated. (3) The data are summar-
ized in Table I. It is in particular obvious that a high temperature
(definitely below 150 ©C) has to be expected for a short period
only (clearly shorter than one day).

From data pertaining to serious accidents(S) it can be con-
cluded that in this event, if the integrity of the inner containment
shell were maintained, the challenge of the annulus exhaust air
filters would not be much more serious than in a LOCA.

IIY. Experimental

Data of the four impregnated activated carbons covered here
have already been indicated in the paper on new carbons. They are
given again in Table II. The carbon 207B (KI) is mostly used in the
iodine filters of German nuclear power plants.

The carbons were challenged with the containment exhaust air
of a PWR over a period of 12 months during power operation of the
reactor. In this exhaust air the main polluta?§s7a§egysually
toluene, xylene, nonane, decane and dodecane, ‘'’ %7 The face ve-
locity of the air in the carbons was the same as that in the annulus
exhaust air filters and in the subsequent laboratory tests (50 cm/s).

The parameters of the laboratory tests are given in Table IIT,
As with new carbons, two combinations of temperature and relative
humidity were used: (a) 30 °C and 98 to 100 % R.H. and (b) 130 °C
and 2 % R.H.. The second combination may be regarded as conservative-
ly representing the conditions in the annulus of a PWR during the
first phase of a LOCA and the first combination the conditions

thereafter (see Table T).

Total test bed depth and residence time (25 cm and 0.5 s, re-
spectively) were shorter than those used in the annulus exhaust air
filters (50 cm and 1.0 s, respectively).

The purging time (elution pericd) was one week (168 h}. This
time is much longer than the anticipated operating time of an annu-
lus exhaust air filter at a high temperature (< 24 h).

As with new carbons, the test beds were sectionzd to establish
the penetration as a function of the bed depth or residence time.
In the laboratory tests the original arrangement of the carbon was
maintained, i.e. the sequence of the beds (sections) was the same as
that during the exposure to the containment exhaust air.

As previously, also the backup beds were sectioned to allow
differentiation of the iodine species penetrating the test beds.
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The backup beds, precedecd by a particulate filter, were (in the
direction of flow):

(a) 2 beds of sorbent DSM11 for retention of Iy;

(b) 2 beds of sorbent AC6120 for retention of easy-to-trap
organic iodine species, such as CH3I;

(c) 7 beds of carbon 207B (KI} for retention of more penetra-~
ting iodine species.

Data ?¥Ot?? sorbents DSM11 and AC6120 are to be found in the
literature. (11 The carbon 207B (KI) was the same as that indica-~-

ted in Table II.

The backup beds were operated at the favorable retention
temperature of 80 ©OC.

As previously, the elemental iodine was tacgged with I-131. The
minimum detectable penetration was again 103 8.

IV. Results

In this chapter the results are presented of the investiga-
tions on the retention of I-131 loaded as I,, by the four carbons
contained in Table II under the conditions Indicated in Table III.
First the I-131 penetration will be dealt with, then the chemical

form of the penetrating I-131.

I-131 Penetration

The Figs. 1 to 8 display the penetration of the carbons by
I-131 loaded I;, as a function of the beddepth at different aging
times (no aging or aging over 12 months) and different temperatures.
The effect of aging is clearly visible: with the aged carbons, the
penetration was up to about three orders of magnitude higher.

The penetration curves are generally steep up to a bed depth
of 5 cm and then flatten out. It is only at 130 °C with the aged
carbons that these two parts of the penetration curves cannot be
clearly distinguished. The steep part of the penetration curves can
be ascribed tc elemental icdine and the flat part to more penetra-
ting iodine species present as impurities or formed in the test bed.

Table IV and the Figs. 9 and 10 give an overview of the pene-
tration of the carbons by I-131 at different bed depths, aging times
and temperatures. The main results are as follows:

(a) Temperature of 30 °C (Fig. 9):
The penetrations found with different carbons differed to
a small extent only. At an aging time of 12 months, the
penetrations were higher by one to three orders of magni-
tude, compared with no aging. At a bed depth of 25 cm
(residence time: 0.5 s) the penetrations of the aged car-

bons wers about 10”2 %,
46
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(b) Temperature of 130 °C (Fig. 10):
The penetrations obtained with different carbons differed
more than at 30 ©C. However, with the aged carbons the
difference was relatively small. At an aging time of 12
months, the penetrations were again higher by one to three
oxrders of magnitude, compared with no aging. At a bed
depth of 25 cm thS penetra?ions of the aged carbons were
between about 107 and 107 ' %.

From these rssults it is obvicus that the permitted maximum
penetration of 107 & for elemental iI-131, as required by the new
guidelines, may be exceeded if the chemical form of the penetrating
I-131 is not taken into account.

Chemical Form of Penetrating I-131

As already mentioned, the backup beds consisted of different
components to determine the percentage of particulates (particulate
filter), of I2 (sorbent DSM11), of easy-to-trap organic iodine
species, such as CH3I (sorbent AC 6120) and of more penetrating
iodine species (carbon 207B (KI)).

The distribution of I-131 among test and backup beds at diffe-
rent aging times and temperatures of the test beds is displayed in the
Figs. 11 to 18. The particulate filters are not indicated because
in no case was any significant amount of I-131 detected on thuse

components.

The effect of aging is again clearly visible: with the aged
carbons, much higher fractions of I-131 were found on the test beds
2 to 10 and on the backup beds.

The results shown in the Figs. 11 to 18 may be summarized as
follows:

(a) Temperature of 30 ©C (Figs. 11 - 14):
The I-131 was completely trapped by the backup beds. With
the new carbons, the I-131 was found on AC6120 only. With
the aged carbons, most of the I-131 was again observed on
AC6120. No or comparatively little I-131 was detected on
DsMi1. ‘

(b) Temperature of 130 ©°C (Figs. 15 - 18):
Mostly,; in particular with the aged carbons, the I-131 was
not completely captured by the backup beds. With the new
carbons, the I-131 was strongly retained by AC6120, apart
from the case in which the test beds were made up of
207B (TEDA). With the aged carbons, the I-131 was rather
evenly distributed among AC6120 and the subsequent
207B (KI). Again, no cor comparatively little I-137?1 was de-
tected on DSM11.

From the distribution of the I-131 on DSM11 it has to be con-
cluded that practically no I-131 in the elemental form passed
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through the test beds. Any elemental I~131 would have been largely
trapped by the first DSM11 bed, i.e. an uneven distribution of the
i-131 on the DSM11 would have resulted. (The small amounts of the
I-131 found on DSM11 are due to the retention of organic I-131.)
The conclusion that practically no elemental I-131 passed through
the test beds, is in agreement with the penetration curves shown in

the Figs. 1 to 8.

From this conclusion it follows that the permitted maximum pe-
netration of 1074 % for elemental I~131 is clearly not exceeded
if the chemical form of the penetrating I-131 is taken into account.

The distribution of the I-131 on AC6120 and the subsequent
207B (KI) shows that at 30 ©C the I-131 was mogtly in the form of
CH,I or in similar easy-to-trap forms. At 130 Y the I-131 was in
mofe penetrating forms. The nature of these forms is not known.

V. Summary and Conclusion

Investigations were performed on the retention of elemental
I-131 by various impregnated activated carbons in deep beds under
simulated accident conditions to ascertain by which carbons a mini-
mum retention of 929.99 % can best be achieved. According to new
guidelines this retention is required for the annulus exhaust air
filters of German pressurized water reactors in a design basis

accident (LOCA).

No significant difference was found in the retention of I-131
loaded as Iy, by various impregnated activated carbons that had been
aged in the containment exhaust air of a pressurized water reactor
over a2 period of 12 months. In all the cases, the I-131 passing
through deep beds of carbon (25 cm eqguivalent to a residence time
of 0.5 s) was in a nonelemental form. It is concluded that the mini-
mum retention of 99.99 % can be equally well achieved with various

carbons in deep beds.
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Table I Data of PWR annulus exhaust air filters (LOCA)

Parameter Unit Value
Bed depth cm -~ 50
Face velocity cm/s ~ 50
Residence time s ~ 1
Temperature a) °c _ < 150; 2 30
Relative humidity 2 3 < 10; £ 100
Length of filter operation a) d < 1; < 60
I concentration mg/m3 < 1
I loading mg/gb) <1
a)

First value: early phase of LOCA;
second value: late phase of LOCA

b) mg I/g carbon
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Table II Activated carbons investigated a

)

Designation Base Particle Impreg- Supplier
material size nant
(mesh)
207B (KI} coal 8 - 12 KI Sutcliffe
Speakman,
U.K.
2078 (TEDA) coal 8§ - 12 TEDA Sutcliffe
Speakman,
U.K.
Nuclear
Kiteg II coconut 8 - 16 X1, Consulting
shell tertiary Services,
amine U.S.A.
Charcoal
Radshield 25 coconut 8 -~ 16 tertiary Engineering,
shell amine U.S.A.

a) New or aged in the containment exhaust air of a PWR over a
period of 12 months

b) 8 - 12 mesh: BS410

(12) ,

- 16 mesh: ASTM D2862 (13)
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e TR E S S e

Table III Values of test parameters

Parameter Unit value
Carrier concentration mg/m3 1
Temperature Sc 30 or 130

98 - 100 or 2

e

Relative humidity 2)

Face velocity cm/s 50
Presgure (absolute) bar 1
Bed depth P! cm 2.5
Resldence time per bed s 0.05
Preconditioning time c) h > 16 or 1
Injection time h 1

h 168

Purging time

@) 98 - 100 & at 30 °C; 2 % at 130 °C (dew point : 30 °C)

o

b)Ten successive test beads of depth 2.5 cm were used. The first
two test beds consisted of sections of depth 1.25 cm.
(Bed diameter : 2.5 cm)

©), 16 h at 30 %°; 1 h at 130 °C
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Table IV Penetration of various impregnated activated carbons by 1311 Joaded as I

{(compare Figs. 9 and 10) 2
Carbon Bed Residence Penetration (%)
depth time
(cm) (s) 30 °%¢, 98 - 100 % R.H. @ | 130 %, 2 % r.H. @
O month b) 12 months b) O month b) 12 months b)
, 0.1 2.7 - 1073| 7.0+ 10"2| 3.0-103}| 1.0 10"
2078 (K1) 25 0.5 1.2 + 10740 1.4 - 1072 | 1.9 - 1074 | 7.8 - 1073
5 o. 1.5 + 1073| 3.2 - 10" ] 3.8 - 107 | 1.2 - 10
2078 (TEDA) | o5 0.5 1.2+ 1074 1.2 - 1072 | 3.7 - 1073 | 4.3 - 1072
5 0.1 2.4 « 1073 9.2 - 1072 | 4.3 - 1072 -
v - -
witeg IT 25 0.5 1.9 * 1074} 1.1 - 107% | 4.4 - 1074 - ©
5 0.1 1.1 - 1073] 2.6 - 107" | 5.2 - 1073 | 6.0 - 10°©
Radshield 25| g 0.5 3.0 - 1075] 2.8 - 1072 | 3.5 - 107% | 1.2 - 107

a) Values of additional parameters: see Table III;

b R . . , .
) Aging time {in the containment exhaust air of a PWR);

c) No reliable results obtained (mechanical defect)
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DISCUSSION

VIKIS: You mentioned an iodine form more penetrating than methyl
iodlde; would you care to comment what that form may be.

DEUBER: This is, of course, a very lmportant question and the
same question always arises, but I cannot glive you a positive answer.
I can only give you some comments. There will be a second paper this
afternoon where penetrating iodine will also be dealt with and maybe
we can speak about it again. But, as far as these investigations are
concerned, the penetrating iodine species cannot be particulate
iodine since the backup beds were preceded by a particulate filter.
Apart from that, I canrot give a definite answer.
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LONG-TERM DESORPTION OF !3!1 FROM KI-TMPREGNATED CHARCOALS
LOADED WITH CH;I, UNDER SIMULATED POST-LOCA CONDITIONS

A.C. Vikis, J.C. Wren and C.J. Moore
Research Chemistry Branch
Atomic Energy of Canada Research Company
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada RCE 1LO

and

R.J. Fluke
Nuclear Studies and Safety Department
Ontario Hydro
700 University Avenue
Toronto, Ontario, Canada M5G 1X6

ABSTRACT

The long-term (1100 h) desorption of !'%!I from KI-impregnated
charcoal filters, loaded with CH3;I, has been studied under simulated
post-LOCA conditions, A charcoal filter bed (20 cm long, 5.0 cm in
diameter), which was pre-equilibrated with air at 353 K and a rela-
tive humidity of 72%, was exposed to 1.7 g of CH3I (containing )
320 MBq of '3!'I) over a period of one hour. The !3'I released was
monitored continuously during loading and during the 1100-h purging
period. The activity distribution along the length of the charcoal
filter was also monitored during purging, using an external y-ray
detector., TIodine-131 release rates (Eq-h_’) as a function of purging
time (in hours) were: 2,3x10° t7°°*287°0+32 (for t = 1-5 h) and
2.0x10% £70+8470+08 (Pop £t = 5-1100 h). The '3*!'I activity distribu-
tion along the length of the charcoal bed decreased exponentially
from inlet to outlet. Also, a small broadening and displacement
(towards the outlet) of the initial '3!I distribution were observed
during purging. These data show that in post-accident environments
deep-bed charcoal filters impregnated with KI are effective barriers
to both the short-term and long-term release of CH3!3'I,

INTRODUCTION

Charcoal filters are used in nuclear reactor ventilation
systems to safeguard against the release of radioiodine% during
routine reactor operation and under accident conditions 152/ "The
charcoals are normally impregnated with potassium iodide (KI) and/or
triethylene diamine (TEDA). The KI impregnant is used to dilute
potential releases of radioicdine, via isotopic exchange with non-
radicactive iodine., TEDA 1s used to enhance the efficiency of
charcoals in retaining organic lodides, through formation of quater-
nary ammonium salts. According to risk analyses of various
postulated loss-of-coolant-accident (LOCA) scenarios, the active
iodines dominate the radiological impact term. It is therefore
important to demonstrate that charcoal filters would perform
satisfactorily under LOCA conditions,

The performance characteristics of impregnated charcoals have
been studied thoroughly under the ambient conditions associated with
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routine reactor operation(27¢), However, there is insufficient data
on the long-term performance of these charcoals, particularly for
post-accident conditions, where high temperatur?a)humidity, radio-
jodine challenge and radiation fields may exist We have
therefore initiated a study to determine the performance character-
istics of KI- and TEDA-impregnated charcoals, for CANDU* post-LOCA
conditions. This study is being done at the Whiteshell Nuclear
Research Establishment of Atomic Energy of Canada Limited, in
collaboration with Ontario Hydro.

In analyzing the performance of CANDU multi-unit containment
systems under accident conditions, the long-term desorption of radic-
iodines from charcoal filters is an important parameter. For a
certain time period after a LOCA, the vacuum building will maintain
the containment envelope sub—atmospherl c, thus preventing any
releases. Once the vacuum is lost, the Emergency Filtered Air
Discharge (EFAD) system may be used to vent portions of the contain-
ment atmosphere through a filtered pathway, thereby preventing the
uncontrolled leakage of radioactivity. The EFAD system could be used
after a LOCA until the cleanup operation is completed. Thus, long-
term desorption of radioiodines from the charcoal filters in the EFAD
system is a major parameter in determining the radiological
consequences of an accident.

In this publication, we present results on the long-term
(1100 h) performance of KI-impregnated charcoal, which has been
exposed to a large challenge of CHs:I. The desorption of !?'I, which
was used as a tracer, was monitored continuously for 1100 h, while
the charcoal filter was purged with air at a temperature of 353 K and
a relative humidity of 72%. The !3!I activity distribution along the
length of the charcoal bed was alsc monitored during the experiment.

EXPERIMENTAL

The flow system used in this study is shown schematically in
Figure 1, It was constructed using Pyrex glass to minimize radio-
lodine adsorption on the walls of the system, particularly for
anticipated experiments with I,. Greaseless O-ring joints and
teflon stopcocks were used where necessary. In this study the CH;I
storage vessel was constructed of stainless steel.

The methyl iodide, labelled with !3'I (190 MBq/g CHs1), was
purchased from ICN, Chemical and Radioisotope Division, California,
It was introduced into the main flow by vapour saturation of a
stream of N, carrier gas, at a temperature of 273 K. The main
carrier gas was dry air.

The required steam was generated using distilled water. To
achieve the desired relative humidity, at the charcocal filter
temperature, excess steam was introduced into the main flow, prior to
condenser #1 in Figure 1. Final humidity adjustment was accomplished
by controlling the column temperature c¢f condenser #1. The

¥CANada Deuterium Uranium - Canada's heavy-water moderated, naturzl-
Uranium fuelled reactor.,
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condengser was made of Pyrex glass and had a column packed with LY-mm
glass beads, for efficient liquid-vapour equilibration. The column
was thermostatted to within %21 K by means of water flowing through an
annular jacket surrounding the condenser column. Excess vapour con-
densed and flowed to the bottom of the condenser into a 1-L flask
maintained at room temperature.

Figure 1. Diagram of charcoal filter test facility. (S is the CH;I
storage vessel; T1l, T2 are *3!I counting stations; CF is
the charcoal filter; Cl, C2 are condensers.)

From condenser #1, the air, CHs;I, and steam flowed to the char-
coal filter through a connecting tube that was heated to avoid water
condensation. The charcoal filter canister was alsc made of Pyrex
glass., It was 30 cm long and 5 em I.D., and was thermostatted to
within #1 K with water circulated through an annular jacket
surrounding the canister. The KI-impregnated charcoal was supported
on a 7.5-cm thick layer of 4-mm glass beads., The glass beads
distributed the flow uniformly through the cross-section of the
charcoal bed.

After the charcoal filter, a known fraction of the flow was
diverted through condenser #2, which was identical to condenser #1,
to dry the stream prior to reachlng counting station #2. The rest of
the flow was passed through a silver mordenite trap, to remove the
CHsI, and then was routed to the active ventilation system of the

building. K
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The CH;3;'%'I was monitored before and after the charcoal filter,
by diverting known fractions of the flow through the twc counting
stations shown in Figure 1, At each counting station the CH3;I was
sorbad in a sampler containing a column (5.0 cm long and 2.2 cm in
diameter) of 13.5 g of silver mordenite (Zeolon 900, 15-20 weight %
Ag), The capability of each sampler to retain 100% of the CH3I was
verified experimentally. Each sampler was precision-fitted into the
well (2.54 cm in diameter and 5.2 cm deep) of a Nal scintillator
crystal/photomultiplier assembly.

Tennelec single-~channel analyzers, set to monitor the 0.365 MeV
y-ray, were used to count the '3*'I deposited in each sampler. The
count rate from each station was monitored independently, and
recorded automatically at predetermined intervals, using a Tennelec
counter-timer-printer system. The dead-time of this counting system
was ~ 1x10”7 s. The counting efficiency, determined by calibration

with CH3!3'I, was 25%.

The activity distribution along the length of the charcoal
filter was measured by translating a shielded y-ray detector along a
vertical slit (8.5 mm wide and 200 mm long) cut in the lead shield of
the charcoal filter. The horizontal viewing angle (5.5 ) of the
detector was defined by a cylindrical slit (5 mm in diameter and
52 mm long) in the detector lead shield and by the width of the vert-
ical glit on the filter lead shield, The vertical viewing angle
(11.07) was defined by the detector slit. A charcoal-filter volume
element of 17.1 em® was thus viewed in each measurement, except for
the first and second volume elements, from the inlet, which were
8.5 cm® and 14.8 cm?®, respectively.

Prior to introduction of the CH3;I challenge, the system was
equilibrated for a period of 20 h. Then 1.7 g of CH3I was introduced
at a uniform rate for a periocd of 60 min. The released activity was
monitored for 1100 h. Fresh silver mordenite traps were installed
periodically to minimize a possible deterioration in efficiency of
the sorbent, and to discard accumulated *3!I, in order to detect low
1317 pelease rates more easily., A summary of the experimental condi-

tions 1s given in Table 1.

Table 1. Conditions for long-term CH3I desorption test.

Suteliffe-Speakman, Type 208C,

Charcoal - type:
cocoanut shell charcoal, 5 weight

% KI

- bed length: 20 cm

- bed diameter: 5 cm
Temperature: 353 K
Relative humidity (353 K): 72% _
Linear flow rate: 23 cmes !
Pre-eqguilibration period: 20 h
CH3I challenge - total: 1.7 & (320 MBq) _

- loading rate: 46 mges~ ! (90 kBqges~!)
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RESULTS AND DISCUSSION

The variation of the total '3*!I activity deposited on the char-
coal filter and released from it, during CH;I loading and for an hour
afterwards, is shown in Figure 2. Noticeable activity breakthrough
was observed about 20 min into the test, and the actlvity rose expon-
entially thereafter untll a few minutes after termination of the CHj3I
loading. The trends in the released activity, during loading and
afterwards, are discussed below.
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Figurc 2. Deposited and released '*!I activity for the period 0-2 h.

Samples of the same charcoal were also tested for CH;'3!'I

decontamination under a range of conditions: humidity (0% to 95%),
temperature (313 K to 383 K), CH3I challenge concentration

(0.5 ngeem™® to 10 ngecm ®), and charcoal bed length (10 cm and

20 cm). The decontamination factors (DFs) obtained in these experi-
ments were in the 10* to 10° range. The DF immediately prior to
termination of the high CH3;I challienge fell to a value of ~ 2x102,
This large drop in the DI was expected as the charcoal bed approached

saturation.

We have analyzed the v%r%ation of the DF during CH3I loading,
using the Wheeler and Robell 8/ equation. This equation was
originally derived for fixed-bed catalytic flow r?act?rs and later
adapted to gas penetration through a charcoal bed 532/ The data
near the onset of the activity release obeyed this equation well and
a value of 1.2x10"% g CH3I/g charcoal was determined for the loading
capacity of the charcoal. Also, from the same equation the pseudo
first-order rate constant for adsorption of CH3I on charccal was
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determined.
rect magnitude to account for the high DFs determined with low CH,I
concentrations (&4nDF = kt, where k 1s the pseudo first-order rate

constant, and t is the residence time of CH3I on the charcoal filter).

The activity released following termination of the CH3I loading
is shown in Figure 3 as a function of purging time.

Each curve

represents the activity accumulated on a new batch of sorbent.
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Figure 3. Released '*!I activity for the period 3-1100 h.
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Each point represents a measurement of the activity during the time
interval At, between t-=At/2 and t+At/2. The counting interval was
%gadually increased from 5 min at the beginning of the test, when the

11 release rate was high and changing rapidly, to 60 min towards
the end of the test, when the '*'I release rate was low and changing
slowly. The data were corrected for '*!I decay during the test, and
then differentiated to derive the corrected release rates shown in
Figure 4. The observed release rates can be obtained by multiplying
each corrected release rate by the !3!'I decay term, exp(-tin2/ti/2),
where ti,: is the decay half-life of 1317 and t is the time from the
beginning of the test.
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Pigure 4. Jodine-131 release rate for the period 2-1100 h.
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Two distinet trends in the corrected release rate (R) vs time
(t) relationship were observed:

(a) For the period 1-5 h, the release rate fitted eq. (1):
2.3 x 10% (t/h)76-28x0.32 (1)

[}

R/(Bqsh™1)
(b) For the period 5-~110C h, the release rate fitted eq. (2):
2.0 x 10° (t/h)”0cbux0e08 (2)

R/(Bgeh™!)

The observed release rates can be obtained by multiplying the right-
hand side of eg. (1) and (2) by exp(~t&n2/ti/2), as explained above.
Table 2 1lists the observed and corrected releases as a percentage of
the deposited activity for various time intervals.

Table 2. Percent of deposited !'%!'I released during various time
intervals.

Time Interval Observed Corrected for
(h) _ 1317 Dpecay
0 - 1@ 1.9 x 107} 1,9 x 1072
1 - 5@l 8.4 x 1072 8.4 x 1072
5 - 50(P) 3.5 x 107° 3.9 x 1073
50 - 300(P) 3.7 x 107° 6.3 x 1073
300 - 1100{P) 1.0 x 1073 7.9 x 1072
0 - 1100 2.8 x 107} 2.9 x 107*

(a) Values for these intervals were obtained from actual
measurements.

(b) Values for these intervals are mean values calculated
from eq. (2).

The normalized activity distribution along the length of the
charcoal bed at various times is shown in Figure 5. This distribu-
tiocn was corrected for end effects, which affected the first (0 cm)
and second (1 cm) measurements near the inlet, and for background,
which affected the lower count-rate values of Figure 5. The
distribution decreased approximately exponentially from inlet to out-
let and indicates that the bulk of the *®!I was adsorbed on the first
few centimeters of the charcoal bed. A slight broadening and shift
(towards the outlet) of the distribution were also observed during
purging. Table 3 lists the percentage of the adsorbed activity in
the various segments of the charcoal bed as a function of purging
time, The observations regarding the activity distribution on the
charcoal bed complement the release-rate data, by showing very slow
activity migration towards the outlet. '

The adsorption, desorption and isotopic exchange of CH3I, using

KI-imprfgnatgd gharcoals, has been the subject of several previous
studies‘321'712/  The key reactions involved are as follows:
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Table 3. Percent of total activity deposited in various segments of
the charcoal bed.

?i?e First 5 cm First 10 cm First 15 cm
d
0 68 92 98
5 66 91 98
12 66 g1 98
18 62 87 g5
24 62 87 95
31 57 82 93
42 50 75 89

In the above equations, !'®'I is denoted by I*, and (g), (a) and (s)
denote the gaseocus, adsorbed and solid phases, respectively. The
release of CH3I and CH3:I¥*¥ occurs following a number of adsorption/
desorption steps along the length of the charcoal bed.

Fertinent data (rate constants, isotherms) are not available
for a quantitative understanding of the observed release rates, How-
ever, a qualitative understanding can be developed using the above
reactions. For instance, the early (1-5 h) fast release and subse-
guent (5=1100 h) slow release trends can be explained in terms of the
relative rates of the above reactions. The rates of reactions (3)
and (4) are expected to be comparable to the collision rates of a gas
with a surface, and hence are relatively fast. On the other hand,
the rate of reaction (5) would be slow due to the limited mobility of
the adsorbed and solid phases. Thus, we propose that the early
(1-5 h) fast release was CH3I, which had not yet equilibrated iso-
topically with the KI on the charcoal. The subsequent (5-1100 h)
slow release was CH3I that was in isotopic equilibrium with the KI on

the charcoal,

The functional form of the observed release rates (Rmt_n) is
attributed to the nature of the CHiI-charcoal isotherm and the number
of elementary adsorption/release cycles along the length of the char-
coal bed, Desorption along a type I isotherm, under conditions of
continuous purging, is known fr?m She theory of gas chromatography to
result in tailing distributions ‘'3 as observed here.

We are presently modelling this system, using the concepts dis-
cussed above, to increase our understanding of the underlying
processes so as to be able to predict the behaviour of these filters
under various conditions.

CONCLUSIONS

A practical conclusion of this study is that in post-accident
environments simulated by this test, deep-bed charcoal filters
(impregnated with KI) are an effective barrier for both short-term
and long-term release of the most penetrating radioiodine species
(CH3I). 1In this study, a CHsI challenge of 9x10~° g CH;I/g charcoal
was used which is about one hundred times larger than the total
iodine (!3'I, '2°I and '27I) challenge expected in a worst-case
accident in a CANDU reactor, Even so, very low release rates were
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observed, which fell from about 0.3% per day for the first day, to
less than avout 1.5x10 3% per day thereafter. These values are below
the rate of 1% per day used ir past CANDU licensing analyses.

In addition to the above, this study has provided detailed data
that will allow us to increase our understanding of the underlying
processes, particularly, the role of isotopic exchange. Under-
standing the underlying processes is important for predicting the
behaviour of these systems under a variety of post-accident
conditions.
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DISCUSSION
OILINGER: During a LOCA scenario, radioiodine loading rate is
weighted to the beginning of the scenario. Why was linear loading
(constant rate) chose.n: This is optimistic.
VIKI We used a linear 1oad1n5 rate as a matter of choice to

~¢mpL1fy experimental 1nterpretatlon by reducing the number of
variable parameters.

OSLINGER: What T am thinking about is, you are saying that the
release of radioilodine is more significant at the beginning. But

that happens for a relatively short time period. This is when you are
loading the charcoal bed at the maximum rate. After 5 hours, there
may not be much radioiodine getting to the charcoal bed.because most
of the iodine that was going to get to the charcoal bed would have
already gotten there. T have the preception that when you lock at

the two curves you may say that most of the time we are not releasing
at a very high rate. 1In reality, the first five hours is when you
would have released most of it anyway. That is why I thought when
you 1lcaded it, in a case where 90% of the loading occurred in the
first hour or two hours, you might find that the second part of your
experimental curve wouldn't be very significant when applled to a real
load case. I can see that when you did the experiment, you wouldn't
want to vary too many paraméters at once, but I am thinking that, may-
be the next step would be non-linear loading just to simulate reality
a little bit closer.

VIXIS: Yes, perhaps what you are proposing may be more realistic.
Yes, but as you said, in deciding to try an experiment you want to
minimize variables and that is what we did.

KABAT: Your test bed, which contained approximately 200g of
charcoal, was loaded with 1.7g of CHzI What would be the total
activity of radioiodine, at this 1oa§ing, in a full scale adsorber

unit?

VIKIS: The loading in this experiment on a g I/g charcoal basis

is about 100 times higher than that predicted in a "worse-case"
accident. I do not recall the activity loading for this kind of
accident, but I would expect 1t to be higher than the activity loading
(1.6 MBa/g charcoal) used in the present test, which was used solely
for the purpose of monltoring rather than simulating radiation effects.
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DEUBER: Do you have corresponding data for carbon without an
impregnant? These data could help to understand the processes

involved.

VIKIS: No, we do not yet have other data. I also agree with you
that data with non-impregnated charcoals (or with plain CH3*27I)
would be valuable in assessing the relative importance of the isotope
effect vs. physical adsorption. The effect was much higher than we
expected because we wanted to cover any situation and to show the
worse kind of release that we can have.

DEUBER: I understand why you have this high loading, but on the
other hand, I doubt whether isotoplc exchange is very important with

this very high loading.

VIKIS: We are talking about 1.7 g of methyl iodide versus 10 g
of potassium lodide for that particular charcoal. So there is still
lots of iodide to achieve isotopic exchange. Of course, any isotopic
exchange would have a limited rate and certainly at the beginning,

as you saw it, it looks 1like the system was still equilibrating.
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A STUDY OF ADSORPTION PROPERTIES OF IMPREGNATED CHARCOAL
FOR ATRBORNE IODINE AND METHYIL IODIDE

Li Qi-dong, He Sui~yuang
F&dan University

Shanghai, China

Abstract

The adsorption characteristics of airborne radiociodine and methyl
iodide on impregnated charcoal were investigated.

The activated charcoal tecsted was made from home-made oil-palm
shells, and KI and TEDA were used as 1mpregnants. A new technique was
used to plot the dynamlc partial adsorption isotherm at challenge
concentrations (concentration range of iodine: 1-20 ppm v/v).

Some adsorption properties of the impregnated charcoal were es-
timated with the dynamic partial adsorption isotherm.

The dependences of the adsorption capacity and penetration be-
havior for airborne iodine and methyl iodide on the ambient conditions
(temnerature, relative humidity, and superficial velocity) were studied.

I. Introduction

The gaseous effluent is of primary importance during the operation
of nuclear power plants under normal and accident conditions. If some
radiocactive wastes are released to the environment, radiocactive iodine
and methyl iodide are conspicuous in the gaseous effluent.

For many years, therefore, on generation of iodine, the release
mechanism, the properties, the forms, the trapping and retention (1)
behavior and health effects have been the subject of numerous studies:

The impregnated charcoal we have developed was made from oil-palm
shells impregnated with TEDA, Kl, and 1its optimum operation parameters

were determined.

In this study, we have carried out screening tests and a series
of experiments for adsorption characteristics of the impregnated

charcoal.

We have used 23 types of charcoal in ocur screening test, as de-
scribed in Table 1, and we chose oil-palm shell base carbon with 2%
TEDA-2% KI impregnation for further experiments. The adsorption of
elemental iodine and methyl iodide has been experimentally evaluated
to observe the effect of varying certain operating parameters, such as
inlet concentration, temperature, relative humidity, superficial
velocity, and bed depth. The parameters presented may be useful in
designing charcoal adsorber systems for radioiodine retention in nuclear

power plants.
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Table 1 Kinds of Activated Carbon used in Screen Tests

Sample No. Base Carbon Impregnation Benzene ;Fsorption
3 0il-pelm shells 15 % Hypo 30.0
8 Oil-palm shells Washing with water 38.0

11 0il-pelm shells 10 % Piperazine 38.0
13 Oil-palm shells None 37-38
14 0il-palnm shells 10 % KI 37-38
15 0il-palm shells 10 % HMTA 37-38
16 Oil=-palm shells 10 % TEDA 37-38
17 Oil=palm shells 2 % TELA=-2 % KI 37-38
18 Wood (Sawdust) None -
20 0il-palm shells 5 % TEDA=-2 % KI -
21 Oil=-palm shells 2'% TEDA-2 % KI -
22 Phenolic resin fibre None -

I1I. Preparation of Activated Carbon and Screening

Preparation of Impregnated Charcoal

We have prepared 23 different kinds of charcoal. The procedure for
producing impregnated charcoal 1s as follows:

Oil=palm Dry o <y " - | Screening
shells distillation Carbonization Crush 6-16 mesh
Activation
—i by high -+ Impregnating j—w- Drying [—w Packing
temperature steam

Fundamental properties of oil-palm shell base carbon before im.
Preganting are listed below (Table 2).

Procedure for Screening

) Test equipment. By the above process, we obtained 23 different
1mpregnated charcoals and then screening tests were carried out se-
quentially under the same conditions.
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Table 2. Fundamental properties of oil-palm shell Tase carbon.

Benzene adsorption - Pore size distribution

Particle size 6=16 mesh Pore size r (}) Pore volune (%)

Moisture content - 0 - 20 33.44

Specific surface 1013.4 n?/ g 20 = 40 25.67

Wear strength 98 % 40 ~ 80 14.48

Srontaneous ignition 400 ¢ 80 -~ 120 12.72
temperature 120 - 160 8.13

Mode rore size 10 8§ > 160 5.56

Mean pore size 1 £

2h

Cooling oz
vater 2

FIGURE 1. FLOWSHEET OF TEST EQUIPMENT FOR ADSORFIION OF ELEMENTAL IODINE

1,2 glass wool prefilter. 3,20,21 gas dryer. %,5,6,22,23 rotaneter. 11 con-
trolling thermometer. 13 dry-bulb thermometer(controllable). 14 wet-bulb thermometer,
10 automatic contral heater(furnace). 7 steam generator. 8 automatic control heater
(piped). 12 radioiodine generator. 9 cooiing jacket for jodine generator. 15 consta~
nt temperature bath. 16 gas mixer. 17 adsorption tube(i.D. 18 mm). 18,19 gas absorp-

tion bottles.24 safeguard. 25 vacuum pump.
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Figure 1 presents a schematic diagram of the experimental system

‘employed to carry out screening and to acquire experimental informa-
tion on the adsorption properties of radioiodine on charcoal beds.

The experimental system was placed in a ventilation chamber and
kept at constant temperature.

Alr entered the experimental system from three different inlets:

(1) Wet alr: Alr was permitted to flow through glass wool
prefilter 1, and rotameter 4. It then entered steam gen-
erator 7, by controlling thermometer 11, to acguire the ailr
moisture required.

(2) Heated air: Air was permitted to flcw through glass wool
prefilter 2 and rotameter 5, then enter automatic control
heater 8 to acquire required temperature.

(3) Iodine air: Air was permitted to flow through gas dryer 3
and rotameter 6, then enter radiciodine generator 12, where
crystals of elemental iodine labeled with I-131 were allowed
to sublime. The effluent from the iodine generator 1is
iodine in air.

First, wet air and heated air were mixed. By dry-bulb and wet-
bulb thermometer, relative humidity was determined and the temperature
and relative humidity regulated. Then, the mixed air and iodine zir
were combined in gas mixer 16. The effluent from the gas mixer was

test gas.

The test gas was permitted to flow through 1% KI solution in gas
absorber 18, gas dryer 20, and rotameter 22. Total iodine concentra-
tion (normal iodine and radiocactive iodine) in the flow was determined
by iodimetry analysis and calculation. The test gas from the gas mixer
was introduced into the charcoal bed and adsorption tests were carried
out at constant temperature. The exhaust air flowed through safeguard

24 into a discharge vent.

This test system operated at negative pressure to assure security
of operational personnel.

For the sorption test with methyl iodide, the equipment in Figure
2 was used.

This test equipment 1s almost the same as that shown in Figure
1. The only differences are in the radioiodine generator, sampling,

and analysis.

Figure 3 is the methyl iodide generator. It is almost the same
one as presented in reference (2).

In the experiment, the generator was placed in the ice water
bath. Challenge methyl lodide concentration was regulated by changing
the temperature of the ice water bath and the diameter of the dif-
fusion tube. A temperature of -5 to -109C and a diameter of 0.25 mm
were used for the low concentration test. The detector for total
methyl 1odide was a gas chromatograph (Type 104) with a linearized
electron capture detector. Gas was sampled directly from the system.
This test system operated at positive pressure.
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FIG. 2 FLOWSHEET OF TEST EQUIFMENT FOR SORPTION OF METHYL IODIDE

1,2 glass wool prefilter. 3,19,20 gas dryer. 4,5,6,21,22 rotameter. 7 steam
generator. 8 automatic control heater(piped). 9 methyl iodide generator. 10 automatic
control heater{furnace). 11 controlling thermometer. 12 vacuum flash. 13 dry-bulb
thermometer(controllable) 14 wet-buldb thermometer. 15 constant temperature bath.

16 gas mixer. 17 adsorption tube(I.D. 18mm}. 18 a.dsorptlon tube for preadjestment.
23 safeguard. 24 compressor.

FIGURE 3

METHYL IODIDE GENERATOR
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Principle of screening. The principle of screening is to compare the
decontaminatlon factors of various impregnated charcoal at the same
experimental conditions, Table 3.

Table 3. Screening test conditions for various impregnated
charcoals for adsorption of iodine and methyl iodide

Conditions of adsorption Iodine Methyl iodide
Particle size (mesh) 8-16 8-16
4o % 4o °c

Adsorption temperature (°C)

Relative humidity (%) 95 % 95 %
Superficial velocity (Cm/sec) 28.4 284
Inlet concentration(ug/L) 150 146 8
Specific radiocactivity (ci/L) 1077 5X10
1 1/6

Duration of run (hr)

Results of screening. _
(1) The oll-palm shell base carbon was better than wood base

carbons, phenolic resin fiber base carbons and oil-palm base carbons,
because it adsorbs iodine as well as methyl iodide. The fiber base
carbon had excellent characterlstics for adsorption of elemental
iodine so the fiber base carbon may be used in nuclear air cleaning
if it can be impregnated successfully.

(2) The oil-palm shell base carbon was treated by different
impregnants including NasS503.5H,0, piperazine, KI, HMTA, TEDA and
washed with water. TEDA is the gest impregnant among them because it
has the biggest decontamination factor and KI was used as a secondary
impregnant.

(3) Selected 2% TEDA-2%KI impregnated charcoal was used as
adsorption material for iodine filters (summary of properties in
Table 4). Because all TEDA to KI ratio impregnated charcoals have a
high decontamination factor, spontaneous ignition temperature and

cost are considered.
Table 4. Fundamental properties of 2 % TED4-2 % KI impregnated charcoal

Benzene adsorption 38 % Pore size distribution

Particle size 8-16 mesh Pore size 1 (R) rore volue ( %)

Ash content 3%

Moisture content 5% 0-20 72:13

Specific Surface 1000 n%/g 20-40 6.58

Wear strenth 92 % 40 - 80 9.86

Spo:taneous ignition 425% 80 - 120 6.70
emperature 120 - 160 3.10

Mode pore size 14 R > 160 1.62

Mean pore size 1 £
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III. Adsorption properties of impregnated charcoal
for airbtorne elemental lodine

In this section, adsorption characteristics of elemental iodine
are given. The dynamlc saturation capacity of impregnated charcoal
was determined over a challenge concentration range. Partial ad-
sorption isotherms were obtained. Also, the effect of temperature,
superficial veloclity, and relative humidity on decontamination by
impregnated charcoal was examined.

Experimental procedure

The experimental system used 1s presented in Figure 1. The mesh
size of 2% TEDA - 2% KI impregnated charcoal was 8-16 mesh and it had
been exposed to static air for one year (as would be the case in a
standby system). The adsorption pipz had an inside diameter of 13mm
and a bed depth of 5cm was used.

In the test of iodine removal, the charcoal bed was divided
by filter paper into 10 segments, and each segment contained about
0.7 g of charcoal. Inlet iodine concentration, 8 ppm v/v. Test
duration time, 1 hr. The radioactivity of each segment was determined
and the decontamination factor of each segment obtained by the fol-

lowing equation:

DFp= z Ai (1)
TA-gM
where DF,: the overall decontamination fact;r of 1st to n th segments of the
charcoal bed
J- Aj: Sum of the radiocounts of all segments of the charcoal bed
é—'l Aj: Sum of the radiocounts of n segments of the charcoal bed

In the test vv determine isotherms, the charcoal bed was algo
divided into 10 (5 cm long) segments, but each segment contained dif-
ferent quantities of charcoal: 0.3, 0.3, 0.3, 0.5, 0.5, 2.0, 1.0, 0.4,
0.4, 0.3 g. The test duration of every run depended on the concen-
tration of the gas. The following conditions were satisfied: (1)

The 1st and 2nd segments should give approximately equal counts. (2)
The counts of the last segment should be as low as the background.

A few hours to dozens of hours were used, and then each segment was
removed from the adsorption pipe and their activity counted.

Radiocactivity on the impregnated charcoal was determined by a
well-type Nal scintillation spectrometer.

The dynamic saturated adsorption capacity of impregnated char-
coal (S) was obtained by Equation 2.
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A
S = ! XCQt XlO"6 (2)
T A W \
where A; : Radiocounts of the 1 st segment

A3: Sum of the radiocounts of all segments

: Inlet concentration of iodine, (ug 12/L)

Airflow rate through sorbent bed, (L/hr)

: Weight of charcoal of the first segment ( g )

:+ Duration of adsorption ( hr )

S versus C, was plotted, and it gave the dynamic adsorption isotherm.

o+ ¥ O 0

Results and discussion

Dynamic adsorption isctherm cf iodine

The adsorption isotherm of iodine was obtained at low concen-
tration and dynamic conditions. The conditions were: iodine con-
centration 1 - 20 ppm v/v size 8 - 16 mesh, bed depth of 5 cm,
relative humidity of 100%, superficial velocity of 28 cm/sec.
temperature of 40°C. A plot of S gI/gC versus C ppm v/v 1s presented

in Figure U4.

From Figure 4, we can see that the curve looks like the 4th
fype of Brunauer's lsotherm.
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FIGURE 4 DYNAMIC PARTIAL ADSORPTION ISOTHERM OF IODINE ON
IMPREGNATED CHARCOAL
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This isotherm shows that adsorption of elemental iodine on im-
pregnated charcoal is a kind of physical adsorption, and with increas-
ing concentration of iodine, multimolecular adsorption occurs.

Further it shows that elemental iodine 1is largely adsorbed physically
on charcoal surfaces, irrespective of any impregnant.

In addition, we can obtalin dynamic saturation adsorption canacity
of the impregnated charcoal at different concentrations from this
isotherm by interpolation or extrapolation.

Effect of temperature. In order to test the effect of temper-
ature on the DF, four temperatures were tested: 40°C, 50°C, 60°C, and
700C. Other conditions were: size of 8-16 mesh bed depth of 5 cm,
concentration of iodine of & ppm v/v, R.H. or 95%, superficial velo-
city of 28 cm/sec, duration of 1 hr.

FPigure 5 shows that the decontamination factor tends to decrease
with increasing temperature.

offect of relative humidity. In order to test the effect of
relative numidity of DF, four relative humidities (40%, 50%, 60% and
100%) were tested. OQther conditions were: size of 8-12 mesh, tem»-
erature of 40°C, bed depth of 5 cm, concentration of iodine of 8.7
ppm. superficial velocity of 23 cn/sec. duration of 1 hr.

Figure 6 shows that the DF of iodine decreases as the relative
humidity 1s increased while the other variables are kept constant.

[»} g
0% | 40 "C 4 o 0¥ T Lo % 50 %
0 % 5
107} 0 % 107 | 100 %
&= =
& 10%F 3 102 }
10 | 10 |
4+
e L 1 L L L L L A q A 1 = N SR, S | A
0 1 2 3 b 0 1 2 3 n
BED DEPTH (cm) BED DEPTH (cm)
FIGURE 5 I, DECONTAMINATION FIGURE 6 I, DECONTAMINATION
FACTOR AS A FUNCTION OF BED FACTOR AS A FUNCTION OF BED
DEETH AND TEMPERATURE DEPTH AND RELATIVE HUMIDITY
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Effect of superficial velocity

Three superficial velocities: 28 cm/sec, 40 cm/sec, 50 cm/sec,
were tested. The other variable conditions were: size of 6--16 mesi,
temperature of 40°C, bed depth of 5 cm, inlet concentration of 8.5 ovpm,

R.H. of 100%, duration of 1/2 hr.

A plot of efficiency versus bed depth was made for superficial
velocities of 28, 40, and 50 cm/sec. Figure 7 shows that adsorption
efficiency tends to decrease with increase in superficial velocity
at lower bed depth. But the adsorption efficiency tends to keep

constant at a bed depth above 3 cm.

100
=
: 28 cm/sgt
% 90 | 40 cm/sec
2
5]
E 8ol - 50 cm/sec
o
2 ol
< 1 ol L 1 1
0 1.0 2.0 3.0 4.0 5.0

BED DEPTH (cm)

FIGURE 7 I, DECONTAMINATION FACTOR AS A FUNCTION OF BED DEPTH
AND SUPERFICIAL VELOCITY

IV. Penetration properties of the impregnated charccal for methyl iodide

It seems that methyl iodide predominated, followd by elemental
iodine and products identified as HCI, from the TMI-1I accident.
In addition, the adsorption capacity of general activated carbon was
greater for elémental iodine.than for methyl iodide. Therefore, the
adsorption characteristics of impregnated charcoal for methyl iodide
was the crucial matter 1n the study of adsorbents for iodine remowval.

The apparatus and the flow sheet used in the test are given in
Figure 2.

Results and Discussion

Effect of inlet concentration of methyl iodide on penetration

Penetrablility is defined as the point when the exit gas concen-
tration equals 1% of the inlet concentration.

Many studiles have been carried out on the relaticn between the
breakthrough time and inlet concentration, and many equations have
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been established(3).

In this experiment, the inliet concentration was varied from 1
to 100 ppm v/v. The results of experiments are presented as a plot
of log typ versus log Cgy, which shows a good linear relationship in
the range of concentrations of the test (Figure 8).

10°
Conditiens of the test :

/E Iy
G Mesh size: 12 - 16
a2 | Be¢ depth: 5 cm
g 10°T
: Face velocity: 28 cm/sec
S
po.‘. RoH-: 95 %
E Temperature: 40°C
E 10 s
M , DF: 1GG

l‘ 10 100

Methyl iodide concentration, Cg, ppm v/Vv

FIGURE 8 BREAKTHROUGH CURVES FOR METHYL IODIDE

¥rom Figure o, the breakthrough time tb can be approximated by the following

equation:
=04 545

ty, = 570X C, (3)

From Equation 3 we camn obtaln the breakthrough time - concentration
relation in limited concentration range by extrapolation.

Effect of temperature of carbon coiumn

The effect of carbon temperature was studied in the adsorption
test of elemental iodine,' but opposite results were ocobtained in the
methyl iodide tests. That is, the breakthrough time tended to in-
crease exponentially with increase in temperature. This result is
presented in Figure 9.

The conditions of test: inlet concentration of 15 ppm v/v, size
of 12-~11 mesh, bed depth of 5 ecm, face velocity of 28 cm/sec, R.H.
95% penetrability of 1%.

From Figure 9, the breakthrough time is approximatedy by the
i equation: - .
following equ 4, = 4-65)(«90 o845 T

where,

: Temperature of cclumn (°c)
88
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FIGURE 9 BREAKTHROUGH TIME AS A FURCTION OF TEMPERATURE

Effect of depth of carbon bed

The deep bed filter has recently drawn attention from experts all over the

world. Therefore, we think it is necessary to test the effect of bed depth.(l)(“’)

The variation of methyl iodide breakthrough time with carbon bed depth isa~

presented in Figure 10
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i oL
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01234 5€789

BED DEPFTH (cm)
FIGURE 10 BREAKTHROUGH TIME AS A FUNCTION OF DEPTH OF CARBON BED

The conditions of test:

Concentration: 24 ppm v/v
R.H. : 95 %

DF: 100

Mesh size: 16 - 20

Face velocity: 28 cm/sec

Temperature: 40°c

Figure 10 shows that the breakthrough time increases rapidly with

increases of bed depth.
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Effect of superficial velocity

By varying the superficial velocity from 16 to 35 cm/sec, Fipure
11 shows that the CH313.I breakthrough time decreased as the flow
velocity 1increased with the other variables kept constant.

100 '\ Test conditions :

Inlet concentration: 45 ppm v/v
Mesh size: 12 - 20

bed depth: 5 cm

I ReH. : 95 %

DF : 100

BREAKTHROUGH TIME (min)
n
(@]
LR |

or Temperature: 40 ©C

VELOCITY OF AIRFLOW L/hr

FIGURE 11 BREAKTHROUGH TIME AS A FUNCTION OF AIR-FLOW

VI. Properties of used impregnated charcoal for iodine removal

Fundamental properties of used impregnated charcoal for iodine removal are
listed in Table 5. The data in Table 5 show
(1) A slight decrease in specific surface;
(2) A slight decrease in spontaneous ignition temperature;
(3) A great decrease in the number of micropores ( i.e. for pore volume
of pore size 0=-208)

The probable reason is that capillary walls collapsed after
icdine removal. '
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Table 5. Properties of used impregnated charcoal for iodine removal

Specific surface 753.66 n%/g Fore size distribution

Pore size r ( R )|Pore volume (%)

0 -20 40.20

Spontaneous ignition 20 - 40 37.02

temperature 15 % 40 -~ 80 19.35

80 - 120 1.01

120 ~ 169 0.91

> 160 0.61

Mode pore size 1 £

Mean pore size 1 8

V. Concluding remarks

This is a study of the properties of an iodine removal filter for
the first nuclear power plant in China. Additional 1:1 rig testing is
being conducted in the pilot plant.

The experiments provided an effective impregnated charcoal for
iodine removal fllter and a series of parameters for operation and
design.

The removal mechanism will be studied further.
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EVALUATION OF QUATERNARY AMMONIUM HALIDES FOR
REMOVAL OF METHYL IODIDE FROM FLOWING AIR STREAMS

w. P, Freéman, T. G, Mohacsi, 3, L. Kovach

Nuclear Censulting Services, Inc,
Columbus, Ohio

ABSTRACT

The quaternary ammonium halides of several tertiary aminss wsre used as im=-
pregnants on activated carbon and were tested for methyl iodide penetration in
accordance with test Method A, ASTM D3803, 1979, "Standard Test Methods For Radio-
iodine Testing Of Nuclear Grade Gas Phase Adscrbents", The results suggest that
the primary removal mechanism for methyl iodide-131 is isctopic exchange with the
guaternary ammonium halide, For example, a 5 Wt % impregnation of each of the
tetramethyl, tetrasthyl, tetrapropyl and tetrabutyl ammonium iodides on activated
carbon yielded percent penetrations of 0,47, (.53, 0,78, and 0,08 respectively
when tested according to Method A of ASTM D3803, A sample impregnated with 5%
tetramethyl ammonium hydroxide gave a methyl iodide penetration of 64,87%, thus
supporting the isotopic exchange mechanism for removal,

It has been e generally held belisef that the success of tertiary amines as
impregnants for radiociocdine removal is a result of their ability to complex with
the methyl iodide, The results of our present work indicates that the supseriority
of the tertiary amines similar to triethylene diamine and quinuclidine, when
compared to their straight chain apalogs, is a result of their ease in reacting
with methyl iodide~127 to form the quarternary ammonium iodide followsed by isotopic

exchange,

INTRODUCTION

Tertiary amine impregnated carbon had originally been developed for the con=
trol of various halide type war gases by the formation of stable guaternary salts
on the surface of activated carbon (1)(2)(3). Their use for the control of organ-
ic redipactive halides was introduced by British researchers (4)(5), The original
optimium halide complexing amines were reported to be piperidine, morpholens,
piperazine, 4-amino pyridine and tristhylenediamine (TEDA), In the last few years
other amines were reported to be as effective or superior to TEDA (7)(8). The use
aof these tertiary amine impregnated carbons is currently very extensive in the U,S,
for air sampling and nuclsar facility air cleaning application (9),

It has been generally assumed that the superiority of tertiary amines im-
pregrated carbons vs, that of stable iodine impregnated carbons for removing
CH3 1371 was due to the ease with which the tertiary aminss form a complex with
the alkyl halide,. Results of tests using CH3 127I alone (10) or detection of
CH3 1271 ‘tagged with CHz 1311 (11) supported the following removal mechanism for
tertiary amine impregnated carbons:

<4-
CH, I + N(CH2 - CH2)3N = N(CH2 - |:|42,)3 NCH, I 1)
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More £$csnt results (12) on a tertiary amine impregnatéd carbon saturated with

CHs 1271 and yst still showing excellent removal afficiency for CHz 1371 support
an additional removal mechanism:

+ 127, - 131 ' + 131, - 127
N(CHZ- CHZ)3 NCH., I +CH, "I= N(CH2-0H2)3 NCH., I +CHy "I (2)

i,es,, isotopic exchange,

The extreme differences in reactivity {as evidenced by CHz 311 removal)
betwesn cne tertiary amine and another (e.g., quinuclidine vs, triethyl amine (13)

has been explained as follows:

"Of two amines of equal base strangths but different
steric requirements, the base with the lcwer steric
requirements will react msre rapidly with a given
halide",

A recent papsr (7) correlated earlier work (5) on amine impregnated carbons
according to bage strength but ignored steric considerations,

The cage like structure of guinuclidins and TEDA obviously favor their re-
action with alkyl halide in general and methyl iodide in particular, Once the
yuaternary ammonium halide has besn produced, the halide ion is available for
isotopic exchange, Its rate of exchange should bs a function of the stability of
the positively charged nitrogen atom and the type of halids,

In an effort to further elucidate the removal mechanism of amine impregnated
carbons for CHs 1311, activated carbon impregnated with various gquaternary ammonium
halides were evaluated according toc ASTM D3803 Method A and compared with results
obtained for their tertiary alkyl amine analogs.

EXPERIMENTAL METHOD AND PROCEDURE

Radioiodine penetration tests were parformed using Methed A of ASTM D3803,
Counting of radioiodine was performed at the 0,364 MeY gamma level using a 4 inch
thallium activated sodium iodide well crystal, The substrate carbon for all tests
was NUSORB G-63 BX16 coconut shell activated carbon,

RESULTS
‘ 131 -
TABLE 1 CH, - I PENETRATION ()
131

IMPREGNANT (T %) CH3 I PENETRATION (%)
Trimethylamine (5%) 53,58
Triethylamine (5%) 47.16
Tributylamine (5%) 44,95
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TABLE 2 CH3131I PENETRATION

IMPREGNANT (T %) CH3131I PENETRATION (%)
Tetramethyl Ammonium Iodide (5%) 0,47

Tetraethyl Ammonium Iodide (5%) 0,53

Tetrapropyl Ammonium Iodide (5%) 0.78

Tetrabutyl Ammonium lodide (5%) 0.08

131
TABLE 3 CH; = I PENETRATION

IMPREGNANT (WT %) CHy > I PENETRATION (%)
Tetramethyl Ammonium Bromide (5%) 29,18
Tstramethyl Ammonium Chloride (5%) 73.27

Tetrasthyl Ammonium Bromide (5%) 24,77

Tetraethyl Ammonium Chloride (5§) 64,62
Tetramethyl Ammonium Hydroxide (5%) 64,87

—DISCUSSICN

Results in Table 71 indicate that the tri-alkyl amines are not effective for
removing CHz 1371 under the conditions of the test. The improvement in performance
from the trimethyl amine to the tributhyl amine does not fit a simple mechanism,
Due to less steric hindrance the trimethylamine would be expected to react faster
even though both the triethyl and tributyl amines are stronger bases, Indeed in
agueous solution trimethyl amine was found to react 61 times faster with propyl
iodide than triethyl amine (14), However, additional reactions batween the
tertiary amine and the alkyl halide can take place (e.g,, ©limination, re-
arrangment) that could explain the better performance of the relatively more
hindered amine on the carbon .surface,

The penetration results in Table 2 for the tetra alkyl ammonium iodides show
marked improvement and support the isotopic exchange mechanism as a significant
contributor for removing CHs 1311 using tertiary amines. The low pensetration
value for the tetra butyl analog indicates again that other reactions may be
taking place on the carbon or that the tetra butyl ammonium iodide promotes a
higher exchange rate for the isotopes,

If isotopic exchange is the primary removal mechanism far the tetra alkyl
ammonium halide then the rate of isotopic exchange for different halide should be
I2>Br> CL and the corresponding CH3 1311 removal should follow tie same order
(15), As seen in Table 3, the CHz 1311 penetration increases markedly for both
the bromide and the chloride derivatives, again supporting the isotopic exchange
mechanism, The last impregnant in Table 3, tetra methyl ammonium hydroxide,
while not promoting isotopic exchange, is a strong reagent for elimination and
rearrangement type reactions and performs as well as the chloride derivatives, but
indicates that reactions other than isotopic exchange are a minor factor for

removing CH, 13171,
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CONCLUSION

The results of the pressent work support on isotope exchange mechanism for the
removal of CHz 1311 by activated carbons impregnated with tetra alkyl ammonium
iodides, Recent work (16) using carbon ~13 NMR spectroscopy confirmed the presence
of the gquaternary salt resulting from ths reaction of TEDA and CHzl. Thus the
sucess af the tertiary amines like TEDA and quinuclidine tor rsmoving CH3 11

lies in their ability to rapidly form the stable quatsrnary salt and subsequent
isotopic esxchangs,

Further work in this laboratory will eptail looking at ths removal of lsss
reactive alkyl iodides than methyl iodids to further delimeate the removal
mechanism, Hopefully, this effort will enable mcre effectives and less costly
impregnants to be developed for removing CHz 131] based on essentially funda-

mental principles,
REFERENCES

1, Dolian, F, E, & Hormats, S., "Impregnated Charcoal", U,5., Report TDMR 767,
Nov, 12, 1943,

2, Latimer, W,M, et, al,, "Amine Impregnated Charcoals", U,5., Report WDRC CXLIX
June 15, 1942 DV1D-202, 152M5,

3., Goshorn, J,C, and Rockwell, P.0,, "Improved Impregnated Charcoal Preparation
and Test of Whetlerites Containing Sodium Hydroxide and Amines", U. S. Report

EATR 153, May 29, 1934,

Collins, et, al,, UKAEA Report 789 (w), 1964,

Collins, et, al,, UKAEA Report 1300 (w), 1966,

Taylor, R,, U,S5, Patent 3,453,807, 1969,

Underhill, D, W, and lLaskie, J, R., "Modified TEDA Impregnants for Methyl
Iodide Removal', 16th DOE Nuclear Air Clsaning Conference.

Kovach, 3, L., U,5, Patent 4,293,317, 1980,

Kovach, J, L,, "The Evolution and Currant State of Radioiodine Control", 16th
DOE Nuclear Air Cleaning Conference, 1980,

10, Dietz, V. R, and Romans, J, B,, "Testing Iodized Activated Carbon filters with
Nen-Radioactive Methyl Iodide", NRL Memorandum Report 4240, May 30, 1980,

11, Wood, G, O, and Valdez, F, 0., "Nonradiometric and Radiomstric Testing of
Radioiaodine Using Methyl Iodide", 16th DOE Nuclear Air Cleaning Conference,

1980,
12, Kovach, 3, L., Grimm, 3, J, and Freeman, W, P,, "TEDA vs Quinuclidine:

Evaluation And Comparison Of Two Tertiary Amine Impregnants for Methyl Iodide
Removal From Flow Air Stream, 17th DOE Nuclear Air Cleaning Conference, 1982,

13, Brown, H, C, and Eldred, N. R, "Studies in Stereochemistry XIV Reaction of
Tristhylamine and Quinuclidine with Alkyl Halidesj; Steric Effects In
Displacement Reactions”, 1. Am._Chem, Soc. Vol 71 P445, Feb 1949,

~N OO 0
L] -

@
.

96



18th DOE NUCLEAR AIRBORNE WASTE MANAGEMENT AND AIR CLEANING CONFERENCE

14, Perrin and Williams, Proc, Roy Soc, (Lendon), A159, 152 (1937),

15. Roginsky, S. Z., Theorectical Principles of Isotope Nathods for Investigating

Chemical Reactions, USAEC Report AEC - tr - 2873, 1956,

16, Resing, H. A., Dietz, V¥, P., and Murday, 3, S., "Carbon=-13 NMR Analysia of
Charcoal Adsorbents: Reaction of CH,I with the Impregnant Tri-Ethylene-
Diamine", 16th Carbon Conference, July 1983,

DISCUSSION

WATSON: As you kindly referenced In your paper, work was done
some twenty years ago at Windscale. It was, indeed, found that these
halides, lodides in particular, were quite effect ve. It wasn't
pursued at the time, I believe, because the compounds weren't readily
available. They are more available now and a little more work has
been done. They have been found to have excellent temperature prop-
erties, quite stable at 250°. The problem that was found was that
these compounds did not perform very well on aging. In fact, under
accelerated aging,;which was the usual Windscale test of pure oxygen
saturated wilth water vapor, triethylenedliamine hydriodide-tieated
carbon soon performed less well than potassium iodide impregnated
charcoals. As we know, accelerated aging doesn't always represent what
really happens. I was wondering if you have done any work on more

realistlc aging.

FREEMAN : First, there seems to be some confusion about the type

of compounds tested. We looked at quaternary ammonium salts, not

the tertiary amine salts. Thus,the aging characteristics may be quite
different than those found by the UKAEA. Secondly, we are 1in the
process of determining static and dynamlc aging of the gquaternary
ammonium halides, but have no data at this time. Finally, NUCON
undertock this test program primarily to further the understanding of
the removal mechanism for CH,'%'I.

DEITZ: I can add a 1little bit to his question,if I may. We have
prepared crystalline addition compounds of methyl iodide and a large
number of tertiary amines. Many of these were impregnated (2 wt %)
on base charcoals and the penetration of methyl iodide I™!?! was de-
termined. The trapping was very good. However, like the previous
speaker's comment, these materials were found to degrade rapidly upon
weathering in flows of outdoor air.
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INVESTIGATIONS ON THE EXTREMELY LOW RETENTION OF 1311 BY AN

IODINE FILTER OF A BOILING WATER REACTOR

H. Deuber, K. Gerlach, J. G. Wilhelm
Laboratorium fiir Aerosolphysik und Filtertechnik
Kernforschungszentrum Karlsruhe CGmbH
Postfach 3640, D-75C0 Karlsruhe 1
Federal Republic of Germany

Abstract

An extremely low retention was observed of the I-131 con-
tained in the exhaust air, by an iodine filter of a boiiing water
reactor. After filling the filter with fresh KI impregnated
activated carbon (8 - 12 mesh), the decontamination factor dropped
to about 1 within a few days. The extremely low retention of the
I-131 was due to the occurrence of unidentified I-131 species in
high proportions. By increasing the residence time to about 1 s
and using a KI impregnated activated carbon of a smaller size, a
somewhat higher retention can be achieved.

I. Introduction

After a large release of radioiodine to the reactor water of
a boiling water reactor (BWR5) due to fuel element damages, unusually
high concentrations of radioiodine occurred in the purge air
(see below) and other exhaust air streams. (1) Concurrently an ex-
tremely iow retention was observed of the I-131 contained in the
exhaust air by the purge air iodine filter, although the latter was
filled with an impregnated activated carbon of high gquality widely
used in the iodine filters of nuclear power stations (207B (KI)).
The decontamination factor for I-131 contained in the purge air
dropped from values of 102 and 103 to a value of about i within a
few days. (Values of less than 1 were also found.) After filling
the filter with fresh carbon, the same phenomenon was observed.
By operation of a prefilter with unimpregnated carbon no improve-

ment could be achieved.

In this paper investigations are described which in particu~-
lJar aimed at determining the reasons for the extremely low retention
of I-131 by the purge air iodine filter of BWRS. Moreover, first
findings were to be obtained on possibilities for improving the
retention. Additional I-131 measurements in the exhaust air streams
of BWR5 are dealt with elsewhere. (1)
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II. Data of the Iodine Filter

The purge air filter of BWRS5 is essentially used in normal
operation to clean, possibly with an additional filter operated in
parallel, the exhaust air from areas of the reactor building with
potentially high radioiodine concentrations {e.?. containment and
rooms with ducts containing reactor water). (1,2 Usually the purge
air filter is almost only operated during the refueling outage.
During the time of the investigations covered in this paper
{cefueling outage), cnly the purge air filter investigated was used.
It was continuously operated with design flow (see below). Start of
filter operation was two weeks prior to the beginning of the in-

vestigations,

The purge air filter contains the usual components: Upstream
of the carbon filter a droplet separator, heater and particulate
filter are installed, downstream ancther particulate filter. The
bed depth of the activated carbon is 25 cm. Accordingly, the resi-
dence time is Q.5 s at the design face velocity of 50 cm/s (design
flow: 12 000 m3/h). During the investigations, temperature and
relative humidity of the inlet were about 30 ©C and 40 % R.H.,
respectively. These are favorable filter conditions.

The purge air filter was filled with the activated carbon
207B {(impregnant: KI; grain size: 8 - 12 mesh). The performance in-
dex (K) of the carbon for methyl iodide (CH3I—131) was about 9 s~
(30 oC, 98 - 100 $ R.H., 50 cm/s)., Thus, K was much higher than the
reguired minimum value of 5 s~ .(4)The carbon was filled into the
purdge air filter four weeks prior to the beginning of the investi-
gations and two weeks prior to the start of filter operation.

III. Experimental

First, tests with I-131 are described which aimed at deter-
mining the retention of I-131 by different methods. Then additional
investigations on the loading of activated carbons with organic
compounds are dealt with.

Tests with I-131

An overview of the tests performed is given by Table I. Both
tests on the iodine filter and on activated carbons were conducted.
The {est agents were either I-121 from the plant (contained in the
exhaust air) or methyl iodide (CH3I-131) prepared in the laboratory.
(CH3X-131 is generally used as mogel compound for organic iodine
species in retention tests.) The performance of the tests is de-
scribed only briefly in Fhf following paragraphs. Details are to be
found in the literature, (3

Tests on the Iodine Filier

The tests on the iodine filter with I-131 from the plant were

performed in the usual way by operating standard radioiodine
species samplers in the inlet and outlet of the purge air filter
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over periods of one week. ( With the standard radioiodine species
samplers particulat?, elemental and organic radioiodine can be
distinguished.)(s'7 After terminating the operation in the purge
air, some samplers were purged with laboratory air under essentially
the same conditions (purging time: one week). The tests with I-131
from the plant were carried out over four weeks (sampling pericds

13 to 16).

With the tests indicated, the decontamination factors of the
purge air filter for the I-131 species mentioned was to be deter-
mined. In addition, by the distribution of the I-131 on the carbon
beds of the samplers, knowledge on the cccurrence of penetrating
I-131 species was to be gained. The purging of the samplers with
laboratory air had the same aim.

The test on the iodine filter with CH43I-131 prepared in the
laboratory was also performed in the usual way by injection of
CH3I-131 into the inlet and simultaneous short-term sampling in the
inlet and outlet. The test was carried out three weeks after the
start of filter operation. In this test, by the retention of
Cid3I-131 the leak tightness of the purge air filter was to be ex-
amined iz the usual way.

Tests on Activated Carbonsg

Tn the tests on activated carbons with I-131 from the plant,
bypasses were operated with different carbons (contained in 10
successive beds of 2.5 cm depth)} under the conditions of the purge
air filter over a period of two weeks. The following carbons were

employed:
(a) 207B (impregnant: KI, grain size: 8 ~ 12 mesh);
(b) 207B (impregnant: TEDA, grain size: 8 - 12 mesh);

(c) RKJ1 (impregnant: KI, pellet size: 1 mm)
(207B is made from coal, RKJ1 from peat.)

With these tests, by the distribution of the I-131 on the
carbon beds, it was to be examined by which type of impregnated acti-
vated carbon the I-131 from the plant can best be captured.

In the tests on activated carbons with CH,I-131 prepared in
the laboratory, the retention was determined of 'CH41-131 by different
carbons prior to and after aging in the exhaust air over two weeks.
The carbons of the above mentioned bypasses were used. (After the
measurement of the I-131 from the plant, the beds were mounted in the
laboratory test rig in the original sequence.) The test conditions
were the same as the operating conditions in the exhaust air
(30 ©°Cc, 40 % R.H., 50 cm/s). With these tests , the aging of the
different activated carbons with respect to the retemtion of
CH3I-131 was to be investigated according to the standard procedure.
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Other Investigations

As already mentioned, the loading of activated carbons with
organic- compounds was also measured. To this end the (S, extracts
of the carbon from the purge air filter (207B (KI)) and from one of
the bypasses (RKJ1) were analyzed by mass spectrometry.(a) With
these investigations the reason for the aging of the carbon was to
be ¢larified . Moreover, penetrating iodine species were to be
identified.

IV. Presentation of the Results

In this chapter the results of the investigations are essen-
tially presented only. The discussion of the results is reserved

for the next chapter.

Tests with I-131

First the results obtained in the tests on the iodine filter
will be presented, then those from the tests on activated carbous.

Tests on the Iodine Filter

As for the tests with I-131 from the plant, Table II contains
the I-131 concentrations and fractions of the I-131 species in *he
inlet and outlet of the purge air filter in the sampling periods
13 to 16. The fraction of the organic I-131 was generally predomi-
nant. The fraction of the particulate I-131 was usually insignifi-

cant.

The decontamination factors calculated from the concentrations
of the elemental and organic I-131 are given in Table III. The de-
contamination factor for elemental I-131 was mostly higher than
103. That for organic I-131 was higher than 1 in the sampling pe-
riods 13 and 14 and lower than 1 in the sampling periods 15 and 16.
Thus, in the last two sampling periods the desorption of I-131 was

greater than the adsorption.

The distribution of the I-1321 in the radioiodine species sam-
plers operated in the sampling periods 13 to 16 is illustrated in
Figs. 1 to 4. In the section for organic I-131 (RKJ1 beds), mostly
a decrease of the I-131 loading in the direction of flow was found.
However, in the inlet the I-131 loading of the second RKJ1 bed was
higher than that of the first RKJi1 bed in sampling period 14.

The same applies to the outlet in sampling period 15. This means
that in these cases large proportions of penetrating I-i131 occurred.
From the distribution of the I-137 on the RKJ1 beds it is okvious
that in the inlet the proportions of the penetrating I-131 were
generally smaller than in the outlet.

The distribution of the I-131 in the radioiodine species
samplers operated in the inlet in the sampling periods 14 and 15,
both prior to and after purging, is given in Figs. 5 and 6.

101



18th DOE NUCLEAR AIRBORNIE WASTE MANAGEMENT AND AIR CLEANING CONFERENCE

In sampling period 14 a large migration of the I-131 in the RKT1
beds was observed, in sampllng period 15 asmall migration only.

As for the tests with CH3I-131, the decontamination factor of
the purge air filter , measured between the sampling periods 13 and
14, was 2.4 - 103, Thus, it was as high as the decontamination factor

for elemental I-131 measured in sampling period 13 (2.6 - 103; see
Table III).

Tests on Activated Carbons

First the tests with I-131 from theplant will be dealt with.
The distribution of the I-131 on the beds of different activated
carbons is displayed in Figs.7 to 9. Both with 207B (KI) and
207B (TEDA), I-131 was detected on all the beds. By far the most
I-131 was found on the first bed. A nearly continuous rise of the
I-131 loading was observed from bed 3 till the last bed. This means
that even at a residence time of 1 s the I-131 was not completely
trapped. With RKJ1, I-131 was detected on the first ten beds only.
Most of the I-131 was again found on the first bed. An additional

maximum occurred at the beds 5 and 6.

The results of the tests with CH3I-131 are presented in Figs.
10 to 12. These figures show the penetration as a function of the
bed depth at different aging times. The penetration curves for the
fresh and aged carbons differed slightly only. The aged carbons ex-
hibited a somewhat flat course of the penetration curve at low bed
depths. This means that a very small aging occurred, but at small

bed depths only.

Additional Investigations

The mass spectrometric determination ¢f the loading of acti-
vated carbons yielded the following results, On the carbon 207B (KI)
employed in the purge air filter during the time of the investiga-
tions, essentially toluene and xylene were detected T?ese are com-
pounds that cause aging to a small extent only. 9,10, 12} with the
carbon RKJ1 from one of the bypasses (beds 5, 10 and 15; compare
Fig. 9), no loading was detected, compared with the fresh carbon.

In no case were iodine compounds identified.

V. Discussion of the Results

On principle the following reasons have to be considered
for the extremely low retention of I-131 from thas plant by the purge

air filter:
(a) leakage;
(b) aging;
{c) occurrence of penetrating I-~131 compounds.

According to the decontamination factors for I,-~131 and
CH3I-131 of higher than 103 (Table III), the leakage was lower than
0.1 %. Hence, leakage has to be excluded. The same applies to aging.
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This is obvious from the mentioned decontamination factor of the
purge air filter for CH,I-131. It is also evident from the low pene-
tration of the carbon 2873 (KI) by CH3I-131 after exposure to the
purge air (Fig. 10). An additional evidence is the loading of the
carbon from the purge air filter with compounds that contribute to

aging to a small extent only (toluene, xylene).

Hence, only the occurrence of penetrating I-131 species
has to be considered for the extremely low retention of I-131 from
the plant. Indeed, as mentioned in the preceding chapter, from the
distribution of the I-131 on the RKJ1 beds of the radioiodine spe-
cies samplers (Figs. 1 to 4), the occurrence of penetrating I-131
species is obvicus. The fraction of the I-131 that was retained by
the RKJ1 beds 2 to 4 (sampler components 6 - 8) can be regarded as
the approximate percentage of the penetrating I-131 species. Thus,
in the inlet fractions of these species of up to about 50 % result
{sampling period 14). Consequently, by delayed penetration (desorp-
tion) only very low decontamination factors can be measured.
Additional evidences for the occurrence of penetrating I-131 species
are the migration of the I-131 in the RKJ1 beds of the radioiodine
species samplers during the one week purging (Figs. 5 and 6) and
the penetration of the I-131 into deep lavers of fresh activated

carbons (Figs. 7 to 9).

The nature of the penetrating I-131 species is not known.
However, from the distribution of the I-131 on the carbon beds it
can be concluded that I-131 species which can be volatilized from
alkaline aqueous sglutions é?ften referred to as "HOI") play no

significant part.(7,13,14,1

With the carbon 207B, over two weeks some of the I-131 passes,
independently of the impregnant, throughlayers of 50 cm equivalent
to a residence time of 1 s (Figs. 7 and 8). Hence, by change of the
impregnant n o improvement in the retention of the penetrating I-131
can be achieved. With these carbons the same applies to the increase
of the design data of the filter by e.g. a factor of 2. In the
small-size carbon RKJ1 the migration velocity of the penetrating
I-131 is comparatively low (Fig. 9). Hence, with this carbon a some-
what lower penetration can be achieved.

From the findings indicated it follows that the sources of
the penetrating I-131 should be determined with the aim of elimina-
ting the penetrating I-131 in the exhaust air. Corresponding inves-

tigations are being performed.
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VI. Summary

Investigations were performed on the retention of I-131 by a
purge air iodine filter, filled with the activated carbon 207B (KI),
of a boiling water reactor (BWR5) in order to determine the reasons
for the extremely low retention of I-131 from the plant (contained
in the exhaust air). Moreover, first findings were to be obtained
on possibilities for improving the retention.

The main results are as follows:

(a) The extremely low retention of I-131 from the plant was
due to the occurrence of unidentified penetrating I-131
species in high proportions (up to about 50 %).

(b) By increase of the design data of the iodine filter by
e.g. a factor of 2 (increase of the bed depth to 50 cm
and the residence time to 1 s) nearly no improvement of
the retention of the penetrating I-131 can be achieved
with large-size carbons, such as 207B (KI) and 207B (TEDA)
(grain size: 8 ~ 12 mesh). With a small-size carbon,
such as RKJ1 (pellet diameter: 1 mm), a somewhat lower
penetration can be achieved.
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Table I Tests performed with 1311 (purge air) a)
. b)
Type Agent Time
I-131 from plant c) weekly during continuous operation
Test on the of the filter over 4 weeks (SP 13 to 16)

iodine filter

after continuous operation of the filter
CH,I-131

3 over 3 weeks (between SP 13 and 14)
Test on 1-131 from plant c) prior to and after aging of 3 activated
activated carbons in bypasses of the filter over
carbons CH,I-131 2 weeks (SP 14 and 15)
a)

conditions: (ca.) 30 0C, 40 % R.H.

b) start of filter operation: at the beginning of SP 11

(SP: sampling period of 7 days)
c)

contained in the purge air
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131 131

Takle II I concentration and fraction of the
in the inlet and outlet of the purge air filter

I species

Sampling I-131 ) Fraction of the I-131 species b)
period concentration (%)
(ci/m)
Particulate Elemental Organic
i
Inlet
13 1.3 (-10) < 1 16 84
14 1.4 (-10) < 1 26 74
15 1.9 (-10) 11 63 26
16 3.3 (=12) 2 38 60
Outlet
13 3.2 (-11) < 1 < 1 100
14 6.1 (-11) - - 100
15 3.0 (~11) - - 100
16 4.4 (=-12) - - 100
@) 1.3 (-10) = 1.3 + 10710 ete.

b) I-131 species (compare Figs. 1 to 4):

particulate : I-131 retained on GF/A
elemental : I-131 retained on DSM11
organic : I-131 retained on RKJ1

- : detection limit of 2 (~15) Ci I-131/m>
not exceeded
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Table IIT Decontamination factor of the purge air filter

for 1311 from the plant a)
Sampling Decontamination factor
period b)
Elemental I-131 Organic I-131 Total I-131
13 2.6 (3) 3.4 4.1
14 > 1.8 (4) 1.7 2.2
15 > 5.9 (3) 1.6 (-1) 5.5 (-1)
16 > 6.3 (2) 4.4 (-1) 7.3 (-1)

a) according to the values of Table II

b) elemental and organic I-131
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DISCUSS 0N

KOVACH, J.L.: Have you analysed the KI (impregnant) content of
the SS207B carbon which was in place during the high penetration
episode to see 1f 1t was in fact impregnated to the normal level?

DEUBER: We did not analyze the KI content. But tests with

CH,'%®!I show that the carbon was of high quality with respect to
retention of CH,'*!I.

WILEELM: I would like to adé that when. people at the power
sTation found that they had had an iodine release from the stack, they
got nervous and changed the carbon. And they chaneed it three or

four times in a relatively short time. All the carbons that were
changed were tested in the laboratory and found.to be all right when
tested with methyl iodide, but we have penetrating iodine. We didn't
release the information before because we had tested the exhaust alr
from bolling water reactor stations and from pressurized water reactor
stations for years and only found penetrating forms of d1odine in the
region of less than 1%. But, in this case, we had certain

conditions we hadn't had before: one was that we had

a relatively high content of iodine~**! and the ccolant was higher
than we had seen before. Let's say 1t was a kind of 1little ineident,
or a thing like that. Under thcse condition, the filter definitely
didn't work. Because we have experience in thils field since 1968,

we Just didn't believe that you could have so large an amount of
penetrating iodine. So we tested everything, such as filter leakage
and in-place tests with methyl iodine. The filter worked excellently.
We tested the carbon in the laboratory with methyl iodine and it worked
excellently. Finally, we produced long samplers, 50 cm. dsep, and
loaded them with exhaust alr for only a short time and you could see
the peak of the penetrating iodine in the front of the column. Now,
if you ran laboratory air through it, you could move the iodine. We
have a lot of data on this. There is absolufely no doubt that there
was penetrating iodine and it amounted to, as Dr. Deuber sald, up to
50%. 1In certaln sidestreams which added to the total exhaust from

the stack, 1t was 100%. I think 1t iz a very serious question. How
good are lodine fllters which work under normal operation conditions,
but don't work under accldent conditions? It is, finally, the
questlon that is behind all this work. I feel 1ts a very serious

question.
SKAFI: Measurements in another BWR-plant were repeatel under
similar conditions as 1n the mentioned one, immediately after fuel

inspectilon shutdown Within the measurement limits, no penztrating
jodine was observed. You mentloned 50%, 50% of what? What is the

absolute wvalue?

DEUBER: I mean 50%. Our measurements performed in bot: BWRs and
PWRs over years always gave low percentages of penetrating icdine.
(order of magnitude, 1%) Thils 1s the only case where we found much
higher percentage. We had never found anything like 1t and we came
to the conclusion that the percentage of penetrating lodines speciles
which you can very often find 1s a very low order of magnitude, about
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1%. Therefore, we did not believe these measurements at first, and
this is the reason we made all these different kinds of measurcments,
to look at the problem from all sides. PFinally, we had no other
explanation than what I have given. That means that during those
weeks when we made these measurements, as far as the purge alr was
concerned, an important stream in these German PWRs which contributes
a lot of I'®! to the stack zone, there was a very high percentage of
penetrating iodine species, much more than usual. Whether it was 40,
50, 60, or 90%, that is something that is less important. What is
important, I think, is that it was very high. As I mentioned,we only
found it in this case, never before or later. All these measurements
referred to a refueling outage last year. When we repeated the
measurements in the fueling outage of this year, we found normal
behaviour, meaning very 1low or non-measurable amounts of penetrating

lodine.

SKAFT: It seems we are dealing with a speclal case here. At the
time of the measurement, perhaps, the air stream was contributing
100% of the ultimate 1 or 5% of these penetrations.

DEUBER : What are the reasons? We don't know. What are the
species? We don't know. We used mass spectrometry and we couldn't
identify the reasons. We can continue the discussion, but this

would only be speculation.
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TRANSMISSION OF RADIOIODINE THROUGH SAMPLING LINES

Philip J. Unrein, Charles A. Pelletier.
James E. Cline, and Paul 5. Voillegué
Science Applications, Inc.
Rockville, Maryland 20850

Abstract

An experimental program to measure radioiodine transmission
through sampling lines is described. The transmission depends upon
both deposition on and resuspension from the walls of the line.

The deposition and resuspension processes are themselves controlled
by the length, diameter, and material of the line and the condi-
tions under which it is operated. The operating conditions under
study are sampling flow rate, temperature and relative humidity.
Measurement results have been interpreted in terms of a four-
compartment model of radioiodine deposition and resuspension. The
model is applied to each of twenty or more segments of the line.
Experimental measurements of short-term transmission f£iactions and
the deposition velocities derived from them are presented for six
lines. Data on resuspension rates for th: same lines were obtained

and are also discussed.

I. Introduction

Transmission of radioiodine through a sampling line depends
upon the characteristics of the line and on the radioiodine species
present. Early measurements in operating power plants(l) showed
that deposition and subsequent resuspension of radioiocdine were im-
portant processes and that changes in chemical form probably occur-
red witile the material resided on the surface. Previous measur-
ements of deposition of iodine species onto test coupon surfaces in
the laboratory(2.3) and onto vegetation(4) have shown that ele-
mental iodine (Iy) is the most reactive of the gaseous species.

The deposition velocity of hypoiodous acid (HOI) is < 5% of that
for Iz. Deposition velocities of organic iodides, such as methyl
icdide (CH3I)., are even smaller, ~0.1% of the depesition velocity
of Iz. Thus the gaseous species of greatest interest is Ij.

To measure the deposition and resuspension rates for sampling
lines, Science Applications, Inc. (SAI) constructed the Radioiodine
Line Loss Measurement Facility. This facility, shown schematically
in Pigure 1, is designed to permit measurements of inlet and outlet
consentrations of radiciodine in replicas of actual sampling lines.
The length, diameter, and material of the test lines are the same
as those of the installed sampling lines. The operating
parameters--sampling flow rate, heat-trace temperature, and relé-
tive humidity--are also duplicated during the experiments.

This paper describes experimental work in progress in the
Radioiodine Line Loss Measurement Facility. Section II describes
the experimental methods used to test sampling lines in our faciil-
ity. Section III describes the model of radioiodine transport
through sampling lines. The experimental measurements, presented
in Section 1V, are interpreted in the context of the transport
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moclel. In Section V, tentative conclusions about the problem are
presented.

I11. Experimental Methods

Figure 1 shows the sampling line replicas coiled in an iso-
thermal enclosure. The diameter of the coils was ~2.4 m. Radio-
jodine (13l1) can be injected into two lines simultaneously.
During the injection period, radioiodine concentrations and species
distributions were measured using the SAI radioiodine species
samplers.{1:5.6) Following the injection period, the mixing
chamber was isolated and the sampling lines were purged with fil-
tered laboratory air to measure resuspension of radiciodine depos-
ited on the interior surface of the line. The chemical forms of
resuspended radioiocdine were determined when the activity levels
were adequate. To assure positive detection, only total airborne
radioiodine was measured when the total activity was low.

All sampling cartridges were counted for 1311 using a

Ge{(Li) spectrometer wliose calibration is traceable to the National
Bureau of Standards. Counting results were corrected for decay
from the end of the sampling period to the time of analysis. Some
sampling periods were long with respect to the half-life of 1311
(8.04 days). Radiocactive decay during sampling was taken into ac-
count. This decay correction assumes that the concentration of

in the air stream was constant during the sampling period.

Most of the tests conducted have employed the most reactive
gaseous species, elemental iodine (I3). It was generated using
the Dushman reaction.

2

A reaction vessel (2-neck boiling flask) containing 20% sulfuric
acid and potassium iodate was heated, stirred, and simultaneously
purged with a flow of helium. The production rate of labeled ele-
mental iodine was controlled by using a peristaltic Eump to inject
the scdium iodide solution containing radioactive 1311 tracer

into the reaction mixture. This method allows an almost constant

production rate over long periods of time.

10, + 517 + 6t = 31_ + 3H,0 (1)

I1I. Radioiodine Transmission Model

Prior to discussing the measurement results, it is useful to
describe the conceptual model of radioiodine transmission through
sampling lines and to define the parameters being measured. Previ-
ous studies ¢f the behavior of airborne radiciodine in building
ventilation exhaust and in discharge lines(l) have shown that

o decay of the short-lived isotopes exceeds that expected

based on air transit times

o chemical species changes occur that shift the activity
balance from reactive (depositing) to nonreactive forms.
two-compartment model was developed(l) that incorporated

A simple
probable mechanisms that account for the observed species

the most
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changes and aging of the radioiodine. The mechanisms are deposi-
tion of reactive species on surfaces, epecies transformations on
the surfaces, and resuspension of deposited radioiodine. The
deposition and resuspension phenomena have been observed in many
studies of radiciodine behavior. Although they have been observed
frequently, the species transformation processes are not well

understood.

An improved, four-compartment model, shown in Figure 2. in-
cludes three compartments for airborne radioiodine species: de-
positing forms (iodine associated with particulates and elemental
iodine), HOI, and organic iodides. The original model{l) assumed
that the total air volume and surface of the line could be treated
as single compartments. For long sampling lines, that assumption
is frequently not valid. The line is now treated as a sequence of
segments in which the assumption is valid. The model, for sim-
plicity, assumes a single form of iodine on the surface that has
different reaction rates to form each of the airborne species.
This simplification may limit the ability of the model to fit the
data. As more data become available, we will improve the mcdel as
needed. The new four-compartment model is applied to each segment
of the sampling line. Two segments of a line are shewn in Figure
2, but a typical application may involve 20 or more line segments.
As is shown, the outlet activity from one segment is the input for

the next line segment.

A single compartment is used for the I and iodine associ-
ated with particulates because. operationally, the twc forms are
not readily separated. It is known that some Iz is sorbed by
particulate filters, but the amount is variable. Also, desorption
of I, from particulates has been observed. Treating the two
forms together will tend to overestimate the deposition in a sam-
pling line. The degree of conservatism will depend upon the size

of the particles present.

The species transformations are believed to take place on the
surfaces, but the transformation chemistry is not considered in
detail in this model. Deposition velocities for HOI and organic
iodides are much smaller than for Ij.

The four simultaneous differential equations that describe
the model in a particular line segment in Figure 2 are:

dg _
12 = I12 + Iy.4g - (n + Xv + 612) q;, (2)

dt

dgq _
3 0= I +rga. - M+ N+ 80) ay (3)

qd
at 3 3°%s

S Xv + 64) 9, (4)

dq _ :
4 = 14 + r4qs

dt

dq -
dts = 8,597, + 8595 + 8,9, - (M + 1) q (5)
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in which q32

is the airborne radioiodine activity (uCi) in
elemental form or associated with particulates
is the airborne activity (uCi) of HOI

q
qz is the airborne activity {uCi)residing on the
surface of the line
I32 1is the mean rate of injec¢tion of particulate and
elemental forms into the sampling line (uCi/sec)
I3 1is the mean rate of injection of HOI into the
sampling line (uCi/s)
I 1is the mean rate of injection of organic iodides
into the sampling line (uCi/s)
ryjz 1s the average resuspension rate constant (s—1)
for particulate and elemental forms
r3 1is the average resuspension rate constant (S_l)
for HOI
ry 1is the average resuspension rate constant (s—1)

for organic iodides

r 1is the total resuspension rate constant (s‘l)
(112 + L[y + 14)'

N is the radioactive decay rate constant (s-1)

My 1is the rate constant (s-1) for removal of airborne
radioiodine in the air exiting the sample line
512 is the deposition rate constant (s-1) for
elemental iodine and that associated witlh particulates
63 1is the deposition rate comstant (s-1) for HOI
64 1is the deposition rate constant (s-1) for organic

iodides.

The last four rate constants in the list, Ay and the §j,

can be expressed in terms of other parameters. The rate constant
My is equal to Q/V, where Q is the sampling flow rate (cn3/s)

and V is the line segment volume (cm3). The deposition rate ,
constants for the different species, 83, are the products Vgj
(A/V), where the Vgj are the deposition velocities (cm/s), and
(A/V) is the surface-to-volume ratio (cm-1) for the line segment.

IV. Experimental Results

Sampling Line Characteristics

Six different sampling line replicates have been studied.
All of the lines weres stainless steel and normally operate at
ambient temperature and relative humidity. Test conditions were
comparable, with temperatures between 25° and 30°C and relative
humidities in the range 25 to 70%. None of the lines was chemical-
ly cleaned prior tc testing. The characteristics of the lines
thought important to radioiodine deposition and resuspension are
given in Table 1. Lines 1, 2, 5, and 6 have similar diameters and
surface-to~-volume ratios (A/V), with lengths ranging from 15 to
nearly 80 m. Line 3 is also rather similar to these four lines.
The most unusual line in the group is Line 4, with a surface-to-
volume ratio that is three times greater than that of the other
lines and the lowest sampling flow rate.
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Table 1. Characteristics of Sampling Lines Tested®
Characteristic Line 1 Line 2 Line 3 Line 4 Line S Line &
Inside Diameter (cm) 2.22 2.22 1.91 0.64 2.21 2.12
Length (cm) 3048 1524 4293 4267 7803 7498
Flow Rate, Q (cm3/s) 1416 1416 944 28.3 944 1321
Ratio A/V (cm-l) 1.80 1.80 2.10 6.30 1.81 1.89

a. All lines tested were made of Type 316 or 304 stainless steel.

Deposition Velocities

The radioiodine species of greatest interest for these
studies is Iy, and it was used in most of the experiments. One
test was performed in which CH3I was injected into Lines 3 and 4;
no evidence of deposition was found aithough evidence exists(3.7)
for the deposition of c¢rganic iodine. Table 2 shows the radio-
jodine injection periods, measured transmission fractions, and the
average deposition velocities for I, estimated for in these sam-
pling lines.

Table 2. Injection Periods, Measured Transmission
Fractions, and Average Deposition Velocities for
Iz in sampling Lines

Experimental Results for Elemental Iodine (T3)

Measured Average
I» Injection Transmission Deposition
Line Period (hr) Fraction Velocity (cm/s)

1 1.2 0.75% 0.020
2 1.2 0.78 0.032
3 0.5 0.23 0.054
3 2.1 0.62 0.018
:1 0.5 0.0013 0.027
4 2.1 0.0045 0.021
5 4.3 0.58 0.0095
6 4.3 0.72 0.0088

The observed deposition velocities are similar to the value
of 0.018 cm/s reported by Kabat{3) for untreated stainless steel
coupons under low humidity conditions. However it should be noted
that the measured transmission fractions (Table 2) are much larger
than would be predicted using the model proposed in the same paper.
That method(3) does not consider resuspension and greatly over-
estimates deposition losses in sampling lines.
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Resuspension Rates

Following the period of radioiodine injection, filtered
laboratory air containing no 1311 was drawn through the test line
at the normal sampling flow rate. The line outlet concentrations
were monitored to determine the 1311 activity resuspended from
the interior surface of the line. Table 3 shows the number of re-
suspension rate measurements made and the total duration of the
sampling. Following testing of Lines 1 and 2, the resuspension
sampling periods were shorter and more frequent. It was necessary
to increase the sampling period as the measurements progressed to
assure that the 1311 activity collected would be adequate for
analysis. Estimated average total resuspension rates are given in

the last column of the table.

Table 3. Measured Resuspension Rates

Total Average

Number of Duration Resuspension

Line Measurements (hr) Rated(r,s-1)
1 4 455 6x10-6
2 4 455 5x10-6
3 9 742 7x10-6
3 15 904 1x10-3%
4 9 742 1x10-6
4 15 904 1x10-6
5 9 282 7%x10-6
6 9 282 1x10-5

a. Resuspension rate decreased with time; multiple component
parameter would be more representative.

The measured distributions of the species of radioiodine resus-
pended from the sampling lines are shown in Table 4. Elemental
iodine was nearly always the dominant form. The fractions of HOI
and organic iodides were generally larger during later sampling
periods, but the increase was not monotonic.

The average resuspension rates lie between 10-6 and 10-5

s-l. However, as noted in the table, the results suggest that
there is more than a single resuspension rate present. This gives
the effect ¢f a resuspensicn rate that changes with time. This
would be the case if there were more than the single surface reac-
tion box assumed by the model. We may have to modify the model
either to include more surface compartments or to describe resus-
pension by a more complicated expression that accounts for the same

phenomenon.
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Table 4. Measured Distributions of Resuspended
Radioiodine Species (%)

Organic
Line Part.2 iz HOI Iodides
1b 15.1 81.5 1.0 2.4
zb 10.4 85.8 1.3 2.6
3 9.2 79.3 7.0 4.5
3 2.5 85.5 8.0 4.0
a ~12€ ~53 ~23 ~12
a <0.4d 38 36 25
6.8 83.9 5.6 3.7
4.9 85.9 5.5 3.8

a. Radioiodine associated with particulates.

b. Laboratory air drawn through the line was not filtered.

¢. Species concentrations variable; one or more components were
below detectable levels during some sampling periods.

d. Radioiodine species measurements made during first resuspension
period; total 1311 activity measured during the other 14

periods.

V. Conclusions

Both (a) deposition and (b) resuspension of deposited ac-
tivity affect the transmission of radioiodine through sampling
lines. Measurements of transmission factors, deposition veloci-
ties, and resuspension rate constants using replicas of sampling
lines have been performed in SAI's Radioiodine Line Loss Measure-
ment Facility. Transmission of radioiodine has been found to be
strongly dependent upon iodine species and upon the characteristics
and operating conditions of the sampling line. Measured short-term
transmission factors have ranged from less than 0.5% to nearly
80%. The experimental data have been interpreted in terms of a
four-compartment radioiodine deposition and resuspension model.
Deposition velocities for elemental iodine derived from the meas-
urements have varied by about a factor of six, 0.01 to 0.06 cm/s,
with no clear correlation with operating parameters. Deposition of
methyl iodide was not detectable. Resuspension rates estimated
from the measurements lie between 10~6 and 10-5 s-1, There
is evidence that the simplified model employed may be inadequate to
describe the observed resuspension.
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DISCUSSION

ROVACH, J.L.: . What experimental data do you have for the
identification of the compound calléd HOI in your experiment?

VOILLEQUE: The radioiodine species sampling system used in
our experiments is described in References 5 and 6 of the paper. The
original identification of HOI and the basis for the arrangement of
beds in the sampling system were discussed in“Hypoidous Acid: An
Airborne Inorganic Iodide Species in Steam-Air Mixtures", presented
at the Eleventh Air Cleaning Conference, by J.H. Keller et al.

KOVACH, J.L.: With numerous laboratories reporting an inability
to get HOI 1into the vapor phase, how do you Jjustify results showing
deposition and redeposition with a compound many people claim does
not exist in the vapor phase.

VOILLEQUE: As I said at the outset, my discussion of species
is an operational one. And that is, what is called HOI is that which
1s trapped on the four alumina beds, loaded with iodophenol.

KOVACH, J.L.: - Isn't it analogous to sgaying that "I'm not respon-
sikle for the crime because somebody else made the gun."
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VOILLEQUE: I am not in a position to debate whether or not HOI
exists.
KOVACH, J.L.: You are reporting a deposition and a resuspension

of that compound, so you have to be responsible- for it.

VOILLEQUE: We define HOI to be that fraction of the iodine~131
that 1s trapped on iodophenol after passing through cadmium iodide.

GUEST: Recent tests at Bruce A Nuclear Station have shown
that similar stainless steel sample lines, 1 inch in diameter and 56
ft. long, transmit 100% of injected methyl iodice and molecular
iodine. We have found that there 1is absolutely no deposition in the
line. This 1s at very low concentrations - less than micrograms pe:-
meter cubed. The analysis was performed by neutron activation of
samples collected on charcoal. We sampled from two to four hours
with these lines and found absolutely no loss whatsoever. I am
quite surprised to see your results.

VOILLEQUE: What species?

GUEST: We injected methyl iodide and molecular lodine.
VOILLEQUE: I would certainly not expect to find any loss with
methyl iodide.

GUEST': We were surprised, but we found no loss with molec-
ular lodine either.

VOILLEQUE: What was the flow rate through this line?

GUEST: 72 Lpm, similar to your flow.

VOILLEQUE: In a one inch diameter line?

GUEST: Yes.

VOILLEQUE: Well, that 1is not terribly different from what we

have seen. For comparable lines, we saw, over a two hour period,
transmission of 75-80%.

GUEST: We saw 100%.
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ANALYSES OF CHARCOAL FILTERS USED IN
MONITORING RADIOACTIVE IODINES

S. M. Langhorst
University of Missouril
Research Reactor Facility
and .
Nuclear Engineering Program
Columbia Missouri

Abstract

Monitoring gaseous effluents for radiocactive iodine is often
performed using small filters containing activated charcoal impreg-
nated with TEDA. 1In sampling effluents, these filters experience an
aging or weathering effect, much like that observed in large charcoal
filter beds. Evaluation of the radioiodine monitoring procedure used
at the University of Missouri Research Reactor has led to the devel-
opment of several analysis techniques designed to estimate the filter
collection efficiencyv, to measure amounts of stable halogens captured
on the filter, and to investigate water collection and TEDA loss

during the sampling period.

I. Introduction

Due to the low concentrations of radioiodines typically found in
the gaseous effluent of a nuclear facility, large volumes of the air
stream must be processed in order to monitor for the radioiodine
release. Concentration of the radioiodines is usually performed
using small filters containing activated charcoal impregnated with
TEDA. Activated charcoal provides an excellent zdsorption medium for
many elements, especially the halogens. An impregnant, such as TEDA,
is added to the charcoal to increase the filter's ability to capture
organic forms of the radiciodines. :

Investigation of the radioiodine monitoring procedure at the
University of Missouri Research Reactor was undertaken to determine
the capture efficiency of the charcoal filters used in the stack
effluent monitor. An efficiency was to be measured and incorporated
into the effluent release calculations and monitor calibration proce-
dures. From filters used in sampling the stack effluent, the capture
efficiency was found to decrease with increased sampling time. As has
been observed in large charcoal filter beds(1:2:3), the sampling f£il-
ters were experiencing an aging or weathering effect, which caused =z
decrease in capture efficiency with increase in use.

What was the cause of this aging effect? Could the decrease in
capture effiency be prevented? How could the capture efficiency be
easily measured? Investigation of these questions led to the devel-
opment of several analysis techniques for the charcoal filters. 2
more intensive gamma-ray analysis was developed to observe how the
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radioiodines were captured on the filters. Neufron activation analy-
gsis (NAA) was employed to measure the quantity of stable elements
captured, in order toc look for an “aging agent". Also, prompt gamma
neutron activation analysis (PGNAA) was used to measure hydrogen and
nitrogen content of the charcoal. in order to assesgs possible water
vapor collection and loss of TEDA during sampling. The procedures
angd results are summarized in this paper.

II. Iodine Monitoring at the MURR

The University of Missouri Regearch Reactor (MURR) is a 10 MW,
light water moderated, pool-type research reactor. The core is
fueled with eight plate-type elements containing 6.2 kg of fully
enriched uranium, and has a maximum flux of 6 x 10!* neutrons-cm-2.
sec”l. fThe reactor is typically operated at full power, 24 hours a
day: 7 days a week: with two to three shutdowns per waek for refuel-
ing and sample changeouts; and one shutdown day every two weeks for
routine maintenance. The stack emissions released from the MURR
include air and gases exhausted from the core, pool, and various
experiments, all of which can contribute to radioiodine relecase. Air
flow in the stack is estimated to be 5 x 10° &/min, with temperature
ranging between 24-31°C and relative humidity ranging between

22-57%.

A continuous sample of stack air is monitored using a Nuclear
Measurements Corporation Air Monitor, Model AM-~22IF 4), "which com-
bines particulate, iodine, and gas monitoring. Air is sampled, using
an isokinetic probe, at a flow rate of ~ 220 £/min. The iodine moni-
tor consists of a shielded chamber containing a NaI(Tl) detector and
the charcoal filter housing. The buildup of activity on the front
face (air inlet) of the charcoal filter is continucusly monitored by
the NaI(Tl) detector., which provides a signal to a lcgarithmic rate-
meter circuit and graphic recorder located in the reactor control
room. The part of the gamma spectrum which is real-time monitored is
a 200 keV energy window around the 364 keV gamma-~ray emission of
I-131. The counts from this energy window provide conservative,
on-line estimate of possible I-131 release.

The charcoal filters{5) used in the MURR iodine monitor contain
~ 25g of activated charcoal impregnated with 5% TEDA. Dimensions of
the filters are 5.7 cm diameter and 2.5 cm thickness. Normally, a
filter is used, or loaded with activity, in the iodine mecnitor for
one week with the flow rate of 220 &/min. When remowved, the filter is
gquantitatively analyzed for gamma-ray activity using high resolution
gamma~-ray spectroscopy. This consists of a 100C sec live-time count
with the front face of the charcoal filter set on the face of a
Ge{Li) detector. The radioiodines usually observed from this weekly
gamma analysis include I-131, 1-132, I1-133, I-134, and I-135.

The activity measured on the loaded charcoal filters each week
is related to the concentrations of radioiodines released in the
stack effluent by the sample air flow rate, sampling time, and half-
lives of the isotopes. A factor which had not been determined was
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the efficiency of the charcoal filter to capture the radioiodines.
These filters are designed to sample for radioiodines rather than to
ccempletely trap them, and thus a collection efficiency of < 100%
would be considered acceptable, if this efficiency were known.
Attempts to measure this capture efficiency { = the charcoal filters
loaded in the MURR stack monitor led to the discovery that as the
filters sampled more of the stack air, the capture efficiency
decreased, or aging occurred.

Humidity and trace gaseous pollutants have been identified as
causes of aging in activated charcoals(2,3,6.7,8)  phe cause of the
change in capture efficiency observed in the charcoal filters used at
the MURR was not readily apparent. In an effort to measure how
activity was loaded onto the charcoal filter, a second gamma-ray
analysis was added to count the back face (air outlet) of the filter.
A "front-to-back® ratio (F/B) for I-13L activity was calculated for
each loaded filter. A high F/B (~ 2) would indicate more activity
was captured on the front portion of the filter, while a low
F/B (~ 1) would indicate activity was captured more evenly throughout
the filter. Filters exhibiting a lower F/B would be suspected of
having a lower capture efficiency. Aan average I-131 F/B for the
stack loaded filters was found to be 1.3 * 13%, with values ranging
from 0.980 to 1.71. The I~131 F/B for 58 filters lcaded at differ-
ent times over one year was not found f:.0 be highly correlated with
either air temperature or humidity (correlation coefficients < 0.4}.

III. Layered Filter Analysis

A more extensive gamma-ray analysis was developed to observe in
greater detail how the radioiodines were captured on the charcoal
filter. This analysis involved separately determining iodine concen-~
trations on sequential layers of the charcoal filter, thus providing
a loading prcfile of the filter. Differences in the radioactive
loading profile on the charc