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WELCOME

Melvin W. First
Harvard Air Cleaning Laboratory
Harvard School of Public Health
Boston, Massachusetts

My first pleasant duty is to welcome you on behalf of the U.S. Department of
Energy and the Harvard Air Cleaning Laboratory, co-sponsors of this 15th Nuclear
Air Cleaning Conference, and to express the wish that you will enjoy your stay in
Boston. This conference started as the United States Energy and Development Ad-
ministration Air Cleaning Conference and followed federal departmental reorganiza-
tion by first becoming the 15th DOE Air Cleaning Conference and then the 15th DOE
Nuclear Air Cleaning Conference when, much to our astonishment, we began to re-
ceive offers of papers on the subject of pulverized coal fly ash.

I hardly need tell you that a conference of this magnitude does not occur
without the continuing efforts of many people. 1 know that I express your thanks
as well as my own to the several members of the program committee of this confer-
ence who worked hard and well to put together the excellent groups of papers that
we will listen to over the next several days and whose duties will not be completed
until they have finished chairing the many technical sessions. The committee mem-
bers are: W.L. Anderson, Clifford A. Burchsted, Harry L. Ettinger, Dade W. Moeller,
Ronald R. Bellamy, John T. Collins, Humphrey Gilbert, Dallas Pence, Russ Brown,
Jack C. Dempsey, Louis L. Kovach, and Richard D. Rivers.

Although this conference has always had a strong U.S. flavor because of the
official sponsorship, we are delighted once again to greet and give a special wel-
come to those who join us from other countries. We have people here from Britain,
from France, from West Germany, from Belgium, from Spain, from Sweden, from Saudi
Arabia, from Australia, from Japan, and, although I have a hard time thinking of
these people as from a foreign country, we have a fine delegation of our friends
from Canada.

When I opened the Conference two years ago I expressed special concern that
the opponents of nuclear energy were out-talking us by a considerable margin and
reaching the small club groups as well as the national media very effectively with
their strong "anti" messages. T am pleased to say I think we have done much better
during the past two years to bring a positive message to the world about the bene-
fits of nuclear energy as well as its safety and freedom from detrimental environ-
mental impact. This is not to say we could not do much better, and I certainly
hope we all will make a special effort to do so. Therefore, our current concerns
have shifted to the topics we will discuss at this session. These are research
and development in reactor safety, regulation to avoid accidents, and perhaps the
most widely discussed topic of today, the matter of waste disposal. We are es-
pecially fortunate to have two keynote speakers of great stature to review the sub-
ject of nuclear research for us. The first speaker is from the Department of En-~
ergy, the second speaker from the Nuclear Regulatory Commission.

Our speaker from the Department of Energy is Mr. Alex Perge who received a
chemical engineering degree from Case Institute of Technology in 1944 and then
worked at K-25, the original Oak Ridge gaseous diffusion plant. He participated
in A-bomb tests Able and Baker at Bikini and worked for General Electric at the
Knowles Atomic Power Laboratory in fuel development and sodium purification systems
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for what eventually became the SIR and the Seawolfe submarine reactors. At Knowles
Atomic Power Laboratory he was involved in the development of the spent fuel pro-
cessing system that was used in the Savannah River plant and he worked for the
Atomic Energy Commission in the design, construction, and start-up of the Savannah
River reprocessing plants. In addition, he worked in Washington for the Atomic
Energy Commission where he was with the Production Division's development programs.
He also worked for the Operational Safety Division and was concerned with the safe-
ty of all of the AEC's materials processing operations. In 1971, he organized the
Atomic Energy Commission's division of waste management and transportation and has
followed along with that program through all of the organizational changes from

AEC to ERDA to DOE. As of May 1 of this year, Mr. Perge became the Manager of the
Special Staff for the Director of the Office of Nuclear Waste Management.

Our second keynote speaker is Mr. Saul Levine. He is a graduate of the U.S.
Naval Academy and in addition has degrees from MIT in electronics and nuclear en-
gineering. He spent his early career in the submarine service. He was project
officer for the USS Enterprise under Admiral Rickover so we know he had a very
rigorous instruction period. He was responsible for directing all technical, fi-
nancial, production, and administrative aspects of the reactor plant prototypes
and the production plants for the first nuclear powered aircraft carrier, the En-
terprise. From 1958 to 1962 he was with the Polaris missle system under Admiral
Rayborne where he managed design integration, installation testing, and performance
evaluation of the Polaris navigation system. Next, he was Assistant Director for
Reactor Technology in the Division of Reactor Licensing, United States Atomic En-
ergy Commission, where he was responsible for directing the development of nuclear
safety review techniques for nuclear reactors, requirements for safety research
and development, and technical safety reviews for reactors of all types. From 1970
to 1972 he was Assistant Director, Division of Environmental Affairs of the Atomic
Energy Commission where he managed programs related to environmental impact asso-
ciated with AEC's programs and assisted in the establishment of requirements for
the implementation of NEPA in the AEC. From 1972 to 1975, Mr. Levine was Project
Staff Director of the Reactor Safety Study of the United States Atomic Energy Com-
mission. With Professor Rasmussen of MIT he provided the principal technical and
management direction of the study entitled, An Assessment of Accident Risks in
U.S. Commercial Nuclear Reactor Plants, a study with which I know all of you here
are well familiar. From 1973 to 1975 he was Special Assistant to the Director of
the Division of Reactor Safety Research. Most recentlv he has been Deputy Direc~
tor, and is presently Director of research of the United States Nuclear Regu-—
latory Commission. In this assignment, he manages a research program to confirm
assessments used by the Commission in regulating the commercial uses of nuclear
energy, in particular, the areas of nuclear safeguards and environmental aspects.
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NUCLEAR WASTE MANAGEMENT AT DOE

Alex F. Perge
Office of Nuclear Waste Management
Department of Energy

The Department of Energy (DOE) is an organization that came into existence 10
months ago in October 1977. Most of the people came from two agencies, the
Energy Research and Development Administration and the Federal Energy Agency.
However, functions and a smaller number of people came from several other
agencies. The agency operates with several functional components that are
headed by Assistant Secretaries. I'll list the ones that are involved in efforts
such as yours.

The Director of Energy Research is responsible for all basic research and also
has primary responsibility in the Department for waste management policy. The
Director is responsible for four national laboratories; they are, Brookhaven
National Laboratory, Argonne National Laboratory, Lawrence Berkeley Laboratory,
and the Ames Laboratory.

The Assistant Secretary for Energy Technology is responsible for the programs
concerned with development of energy technology. That is, the transition from
basic research to useable technology. This Assistant Secretary is responsible
for the development programs for: Fossil Fuels, Geothermal Energy, Solar Energy,
Fusion Energy, Nuclear Energy, and the Nuclear Waste Management Program. This
Assistant Secretary is also responsible for five laboratories; i.e., Pacific-
Northwest Laboratory, Oak Ridge National Laboratory, Savannah River Laboratory,
Idaho National Engineering Laboratory, and the Hanford Engineering Development
Laboratory.

The Assistant Secretary for Resource Applications is responsible for the
commercialization of energy technology after the technology has been demon-
strated. Additionally, this Assistant Secretary is responsible for a number
of major operations; e.g., the uranium enrichment program.

The Assistant Secretary for Defense Programs is responsible for the operations
and development programs concerned with the national defense effort. This
Assistant Secretary is responsible for three national laboratories; i.e.,

Los Alamos Scientific Laboratory, Lawrence Livermore Laboratory, and Sandia
Laboratory.

The Assistant Secretary for Environment is responsible for programs concerned
with health, safety, and environmental aspects of all of the DOE programs.

The Office of Nuclear Waste Management was separated from the Nuclear Technology
Program on May 1, 1978, and made a separate entity reporting directly to the
Assistant Secretary for Energy Technology. This Office is responsible for most
of the Agency's programs of concern to this conference.

The present DOE programs for airborne wastes are supporting the development of
technologies for both defense and commercial needs. Technologies are being
developed for the concentration, recovery, immobilization, storage, and monitoring
of airborne wastes from the defense programs fuel cycle or the nuclear power fuel
cycle. Nuclear reactors, irradiated fuel storage, fuel reprocessing, and
weapons-related activities all produce airborne radiocactive wastes.
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The DOE operations are varied by type and scale, There are production operations
and laboratory operations. There are reactors, chemical plants, metallurgical
operations and mechanical operations. These extend in scale from very small

to extremely large. The nature of the gaseous and airborne waste streams from
these operations vary. There are large volumes of dry, moist, and wet gases
which vary in nature from inert to very reactive. The temperatures and pressures
vary from very low to very high resulting from either normal conditions or
accident conditions; and, of course, there is a variation from radioactive gases
to radioactive particulates.

DOE is responsible for interim storage for some of these wastes and for the
disposal for most of them. Of the wastes that have to be managed, a significant
part are a result of treatment systems and devices for cleaning gases. The
best treatment devices do not always vield the best waste forms for either
storage or disposal.

The long term waste management objectives place minimal reliance on surveillance
and maintenance. Thus, the concerns about the chemical, thermal and radiolytic
degradation of wastes require technology for converting the wastes to forms
acceptable for long term isolation,

The strategy of the DOE airborne radioactive waste management program is to
increase the service life and reliability of filters; to reduce filter wastes;
and in anticipation of regulatory actions that would require further reductions
in airborne radioactive releases from defense program facilities, to develop
improved technology for additional collection, fixation, and long-~term management
of gaseous wastes,

Available technology and practices are adequate to meet current health and
safety standards. The program is aimed primarily at cost effective improvements,
quality assurance, and the addition of new capability in areas where more
restrictive standards seem likely to apply in the future.

The current activities and objectives are as follows:

1) Filter Service Life Extension:

o To reduce costs and waste, iodine absorbents are being developed
that have substantially longer service life and can be regenerated.

0 More durable filters are being developed for service in off-gas
streams from radioactive processes that emit acid vapors or high
temperature gases.

0 Several prefilter concepts are being developed for capturing
radioactive particulates near their source. These concepts will
extend the service life of HEPA filters and thus reduce the costs
for their replacement and their disposal. Costs of concern are not
just monetary but also radiation exposure.

2) Gas Monitoring:
o Improved monitoring systems are being demonstrated for specific
long lived airborne radioactive constituents in the off-gas of waste

treatment processes, particularly iodine-129, carbon-14 and tritium.

0 Improved particle measurement technology is being developed for
high temperature applications.
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3) Gaseous Waste Treatment:

0 Technology is being developed to remove tritium from air and water,
to immobilize it and to store it safely.

o The state-of-the-art for limiting emissions of iodine-129, krypton-85,
and carbon-14 is being assessed. Studies are being made on the
adaptation of advanced technology for use at DOE sites.

4) Filter Quality Assurance:

o The operation of three filter test stations for testing HEPA filters
prior to use in DOE facility filtration systems is continuing. The
Hanford Station is being upgraded.

o Improved filter test methods are being developed for the DOE radio-
active iodine and particle removal filtration systems. This work
also supports the development of filtration standards, regulations,
and test procedures.

Effective use of the manpower and resources allocated to airborne waste
management is our objective, We need:

o Matching of program tasks to both specific and general waste
management needs}; i.e., why is the technology required?

o Early review of technical, legal, and economic feasibility of
proposed and existing programs--in the context of process,
environmental, regulatory, and storage/disposal constraints.

0 Establishment of a relationship to other development activities;
i.e., other Federal, private, and international activities.

o Application of common criteria for decisionmaking at both the
development and application stages of airborne waste management.

To aid in this, we are setting up a lead organization at the Idaho Operations
Office to integrate the airborne radioactive waste management program. This
office will review the program elements, analyze their technologies and
objectives for technical merit, range of applicability, and for consistency
with DOE program goals.

Before closing I would like to mention two more points that may be of interest
to you.

At the direction of the President, an Interagency Review Group, commonly called
the IRG, was formed to review all aspects of radioactive waste management.
Every Government agency that has any tie, in any way, to any part of waste
management, is involved. The IRG is charged with reporting back to the
President by October 1, 1978, with a comprehensive evaluation of nuclear waste
management. The IRG will recommend to the President what has to be done, when
it should be done, and who has to do what to get it done.

Even though we feel that we have been working closely with the Environmental

Protection Agency and the Nuclear Regulatory Commission in the past, the IRG

review has caused the three agencies to work closer together. This should be
of help to the nuclear air cleaning program.
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There is a significant involvement in both the program and the attendance at

this meeting from the international scene; that is, non-U.S. We recognize that
airborne waste management is of international concern. Though there are problems
of various types in international activities, we, as the U.S., and the DOE as

one of the concerned U.S. agencies, have been working toward international
cooperation. The pace is slow but I believe there is progress.

I'd like to leave with a repetition of an earlier comment. Air cleaning systems
produce wastes. The costs of those wastes—-for treatment (if required) and
disposal--will be increasing very significantly.

DISCUSSION

FIRST: When are we going to get that stuff buried?

PERGE: For most of it, not very soon. However, the IRG program will be
presenting the President with a broadly based and detailed evaluation of the pres-
ent programs, plans, and alternatives. This will allow the administration to give
Congress a program for resolving the waste management problem. Congress has in-
dicated a desire to do its part in resolving this matter and the administration's
recommendations, including a waste plan, have been promised to Congress by the end
of the year. I can only hope that this process turns out to be the start of fi-
nally resolving the waste management problem.

I might add that the IRG program includes involvement to some ex-
tent of just about every identifiable special interest group, both technical and
nontechnical, government (federal & state) and industrial, etc.
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RISK-ASSESSMENT TECHNIQUES AND THE REACTOR LICENSING PROCESS

Saul Levine
Director, Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

The principal subject of my talk is one that is of great
interest to the nuclear community: the NRC's efforts to stabilize
the reactor licensing process. I will start with a brief description
of the Reactor Safety Study (WASH-1400), concentrating on the engi-
neering aspects of the contribution to reactor accident risks. I
will then go on to describe how we have applied the insights and
techniques developed in this study to prepare a program, requested by
Congress, to improve the safety of nuclear power plants. Finally, I
will describe some new work we are just beginning on the application
of risk-assessment techniques to stabilize the reactor licensing
process.

An overview of the Reactor Safety Study is shown in Figure 1,
and I am going to concentrate on step 3: fission-product source
released from the containment. To define accidents in reactors, it
is necessary to define the ways in which they can happen (i.e., acci-
dent sequences) and to assign probability values to those accidents.

A set of processes is occurring within the reactor, and one must
determine from those processes what fission products would be released
from the containment. If we stop at this point, we can concentrate

on the engineering insights that are applicable to reactor safety.

Figure 2 shows a typical simplified scheme that we use to define
accident sequences. It starts with an initiating event, such as a
pipe break or a transient, with which is associated a probability.
What are the things that can work or fail that affect the course of
events, given that initial failure? Of course, in the design-basis
accident that is normally analyzed in the regulatory process one
starts with the initial event, and all the engineered safety features
that are provided are assumed to work. The result is a very small
release of radioactivity with a probability that is the same as that
of the pipe break. It is, of course, possible for any or all of these
engineered safety features to fail. 1In fact, if the electrical power
fails, none of the other systems can work. Therefore, the product
P, x P, gives a very large release of radioactivity: if there is a
pipe break, no emergency core-cooling system, no fission-product
removal, and no containment, a large amount of radioactivity will
clearly be released. For instance, even if electrical power is avail-
able, the system can fail. There are then two alternatives: if the
fission-product removal system works, there is one kind of release
and probability, and if it does not work, there is a different kind
of release and probability. These probabilities can be multiplied
together if the conditional probabilities between the two events are
taken into account.
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Figure 3 shows how the accident consequences can be categorized
by size of release and then added within each category to get a histo-
gram of consequences versus probability. This type of histogram was
used to report the results of the Reactor Safety Study.

In making a risk assessment it is necessary to determine where
to start. The most important factor is to prevent melting of the fuel
because most of the radioactivity resides within the fuel. There are,
however, only two ways to melt the fuel: there are loss-of-coolant
events in which there is a loss of coolant that is not restored, and
there are transient events in which the fuel is overpowered or the
coolant flow is reduced to the point where the fuel melts.

The potential accidents analyzed in the Reactor Safety Study can
be summarized as follows:

A Potential accidents that could involve the reactor:
1. Event trees for events involving many systems
a. Large loss-of-coolant accident (LOCA): breaks >6
inches in equivalent diameter
b. Small LOCA 1: breaks 2 to 6 inches in equivalent
diameter
c. Small LOCA 2: breaks 0.5 to 2 inches in equivalent
diameter
d. Reactor-vessel rupture
e. Transient events
2. External forces--earthquakes, tornadoes, floods, aircraft

impacts, turbine missiles, tidal waves.
3. Sabotage.

B. Noncore accidents--spent-fuel storage pool and shipping casks,
waste storage tanks, refueling operations.

We can see from the above that event trees are drawn for three
different kinds of LOCA (large, small 1, and small 2) because they
all have different combinations of systems to operate in case of
need. In our study we considered all of these as carefully as we
could except for sabotage because we did not know how to estimate the
probability of successful sabotage.

Figure 4 shows the fundamental structure of a pressurized water
reactor (PWR), and Figure 5 shows a reactor--a pressurized water
reactor or a boiling water reactor--in which the main coolant pipes
are broken. It is undergoing a LOCA. This simplified drawing shows
the heart of the analysis. The emergency core-cooling water is
starting to be pumped into the core to prevent core melting. What
melts the core in the absence of water is the decay heat in the core.

11
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The emergency core-cooling water is removing the decay heat and trans-
ferring it into the containment. The containment is sized to with-
stand the pressure and temperature associated with the blowdown of the
stored energy in the primary coolant water. Constantly pumping decay
heat into the containment will overpressure the containment or over-
heat it until it ruptures. A heat-removal system is therefore neces-
sary to remove the decay heat from the contaimment. It is not enough
to have the emergency core-cooling system work; heat must be removed
from the containment because the containment is essentially an insu-
lated box of steel and concrete. Obviously, if the heat is not
removed from the containment, the containment will rupture, at about
120 psi, or twice its design pressure. The temperature will be in

the neighborhood of 400°F and the emergency core-cooling system will
then fail because it will be in the recirculation mode, where it is
sucking water from the containment sump; this will in fact occur at
120 psi and 400°F, and when the pressure is relieved, the water will
boil, the pump will cavitate and burn out, and the core will melt.

It is possible to have an accident, therefore, in which first the
containment ruptures and then the core melts--which is a rather bad
accident. Reactor trip is also necessary to shut down thereafter in
most accidents because when the core is reflooded, it will go critical
again and generate power, which will defeat our purpose. And, of
course, there are the radioactivity-removal system sprays and/or
filters and the containment itself. These are not systems--these are
simply functions to be performed.

Figure 6 is an event tree that is perfectly general, that shows
all the functions with all possible combinations of success or
failure. After going through some functional logic we can arrive at
Figure 7, which shows not a symmetrical tree but a highly skewed tree
that takes into account the dependencies and functional failures;
hence the size of the tree has been reduced enormously, which is very
important. We now have a tree that defines the functions and rela-
tionships among them. To quantify this tree we put systems along the
top line and then construct fault trees for the systems to define the
probability of failure. Figure 8 shows that for the functions along
the top of the tree there are sets of systems that must perform those
functions and that there are logical interrelationships among those
systems, among the functions in fact, that must be taken into account.
Taking into account the logic of the functional tree and the logical
interrelationships with the systems, it is possible to draw another
tree (Figure 9) that has the systems along the top and a correct
representation of their interrelationships. It is important to know
that, if one had not performed this removal of interrelationships in
the correct way, the tree in Figure 9 would have contained 30,000
accident sequences. The fact that it has been reduced to 38 sequences
means that there are "what if" questions about common-mode failures
between systems that do not need answers.

Figure 9 has one of two outcomes. Either the core does not
melt, such as in the design-basis accident, or enough things fail and
the core does melt. It is necessary to define the relationship
between the molten core and the containment-failure modes because the
containment failure mode determines the release to the environment.
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PWR LARGE LOCA EVENT TREE

LARGE
LOCA

EP

Csis

ECI

ECF

CHRS

LPRS | SHA

SEQUENCE

1LA
2 Al
3. AH
4. AHI
5. AG, AHG
8. AGI, AHGI
7. AF, AHF
8. AFl, AHFI
9. AE
10. AEI
11. AEG
12. AEGI
13. AEF
14. AEFI
1 16. AD
16. ADI
17. ADG
18. ADGI
19. ADF
20. ADFI
21. AC
1 22. ACI
123. ACH
24. ACHI
25. ACG, ACHG
26. ACGILACHGI
27. ACF, ACHF

28. ACE
28. ACE!
0. ACEG
31. ACEGI
32. ACEF

[, ]
F
_
P
h

r
h
F

h
*
| S
F
;
F
| SE——
ﬁ
| S——
P
| SS—

i
h

S pm—

' Remee———
r—
J EE——
r
| I—

33. ACD
3. ACDI
| 35. ACDG
3. ACDGI
37. ACDF

38. AB

FIGURT 9

0




15th DOE NUCLEAR AIR CLEANING CONFERENCE

Ol 3¥n9I4

w D A I

3
AW-¥D

e L

d0-Hd 84

3341 IN3A3 INIWNIVINOD YMd

ISA-HD

20




15th DOE NUCLEAR AIR CLEANING CONFERENCE

Figure 10 shows a containment event tree for which the inputs
are the accident sequences from the last tree that resulted in con-
tainment rupture or in core melt. The various modes in which the
containment can fail are examined. The containment can rupture
because of a steam explosion in the reactor vessel. This would have
to be a very large explosion, large enough to rip the head off the
reactor vessel and blow it out through the top of the containment.
That is a low-probability event, obviously. Containment failure can
also result from failure to isolate it, in which case there would
have to be a large enough hole so that the containment cannot be
overpressurized. Another cause of containment failure is combustion
and explosion of hydrogen generated by the reaction between stainless
steel and water. If none of these things happen, the containment can
rupture simply through failure of the heat-removal system. And, of
course, there is one more mode of containment failure: the core will
melt through the bottom of the reactor vessel, through the contain-
ment, and into the ground. These are the ways in which the contain-
ment can fail; each has a different probability and vastly different
consequences.

Figure 11 indicates that we have to couple together the LOCA
tree, or the transient tree, with the containment event tree to get
the complete set of accident sequences. The form of the containment
event tree changes depending on the a priori conditions of the LOCA
tree.

From the large LOCA tree in the PWR combined with the contain-
ment event tree, there are 150 accident sequences possible (Figure
12). These are broken down in two ways: (1) by the size of the
radiocactivity release (1, 2, 3, 4, etc.) and (2) by probability.
Probabilities are assigned to these sequences to determine the prob-
ability of each of the releases. Clearly, only a few sequences,
anywhere from one to four or five, determine the probability of
occurrence of any release. The probabilities of the other sequences
are so much smaller than these few that they do not contribute. Thus
a general case of 30,000 accident sequences in the large LOCA tree
has reduced to 20. The same exercise can be done for each event tree
that was considered in the study: the small LOCA tree and the trans-
ient tree. Figure 13 shows the top of the large LOCA tree, the two
small LOCA trees, the reactor-vessel-rupture tree, and the transient
tree. There are 80 sequences out of a possible total of 130,000. 1In
fact, only two or three sequences dominate the risk.

Figure 14 shows the generalized form of the accident sequences.
Each sequence has the probability of some initiating event x, the
probability of some engineered safety system failing. 1In most cases
this is a single system, but in a few cases it is more than one.
Examples are the probability of a given containment-failure mode, the
probability of a particular weather condition, and the probability of
a particular population distribution being exposed. For a typical
sequence the probability of a pipe break is 107 3, the probability of
a system failure is 10 2, and the probability of a containment-
failure mode is 10 !. From the viewpoint of seeking to improve
safety, it is obvious that the largest consequences come from the
containment-failure mode in which the containment ruptures above the
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PWR LARGE LOCA ACCIDENT SEQUENCES VS. RELEASE CATEGORIES
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PWR DOMINANT ACCIDENT SEQUENCES VS. RELEASE CATEGORIES
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ground and releases a large cloud of airborne radioactivity. Let us
see now whether or not the probability can be reduced significantly,
say by an order of magnitude.

The three highest release categories, which in fact are the
categories that determine the total risk, are 1, 2, and 3. The other
categories are so small that there are extremely small consequences
from them. The accident sequences that determine the probability of
all three of these release categories--and whose probability deter-
mines the total probability of reactor accident risks in the PWR--
are TMLB 'y, TLMB“6, and S,C § (see Figure 13). The Greek letters
denote the probability of failure of the containment from overpressure
by failure of the containment heat-removal system and the probability
of containment failure from hydrogen burning.

This suggests that if in fact those probabilities can be re-
duced, say by venting the containment through a filter so that it
does not fail with that probability, the probabilities of these three
categories and the overall risk can be reduced.

Figure 14 demonstrates this point in terms of radioactivity
releases. The fraction of core inventory released is shown by
fission-product release groups for the three highest categories:
PWR 1, 2, and 3. One can see how large these three groups are in
comparison with all the others. Nothing can be done to reduce the
release fractions, but efforts can certainly be made to reduce the
probabilities, which would then reduce the risks.

I am now going to talk about the second subject: improved
safety research. In the Fiscal Year 1978 NRC Authorization Act,
Congress asked the NRC to produce a plan for research to improve the
safety of reactors. A wide range of sources were consulted for
suggestions for improved safety, and a research review group was
formed consisting of about 40 consultants, including antinuclear
people. The most prolific source of suggestions was the Advisory
Committee on Reactor Safeguards, although the NRC staff also made
numerous suggestions. A report issued by the American Physical
Society's (APS) Study Group on Reactor Safety contained a number of
suggestions, as did a study sponsored by the Ford Foundation. Other
suggestions were contained in the U.S. Atomic Energy Commission's
ECCS Acceptance Criteria, written at the end of the 2-year ECCS
hearing, and in a fairly comprehensive report by Environmental
Quality Laboratories. In all there were over 200 suggestions, which
were grouped into 16 research topics. To decide which of these 16
research topics are the most important, a set of criteria was set up,
including the following: the breadth of support from this group, the
risk-reduction potential (from the viewpoint of the Reactor Safety
Study), applicability to existing and future reactors, applicability
to BWRs and PWRs, and implementation cost. For lack of time the
value-impact analysis was qualitative only.

The results are summarized in Figure 15, which shows the four
evaluation criteria and the five topics that were selected. Vented
containment, for instance, had high support, high risk-reduction
potential, high applicability, and medium cost. (Medium cost was
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defined as between $10 to $15 million per plant.) Decay-heat removal
had high support, high risk-reduction potential, less clear applica-
bility, and lower cost. One of the recommendations that was featured
prominently in the APS report and the ECCS Acceptance Criteria was
research on emergency core-cooling systems. It is well known how
much effort has been and is still going into emergency core-cooling
systems. Interestingly enough, though there is high support, there
is only a moderate risk-reduction potential, moderate applicability,
and large to medium costs. The risk-reduction potential is only
moderate because it was established in the Reactor Safety Study that
LOCA sequences are not among the three principal contributors to
risk. Another topic selected for research is improved accident
response within the plant, i.e., principally by the operators and by
providing them with more analytical information than they now have.
It turns out that the operators and maintenance personnel contribute
significantly to accident risks. This topic had high support, high
to medium risk-reduction potential, high applicability, and very low
cost. There were a number of suggestions for decoupling seismic
forces from the reactor plant, such as floating it in a pond or
putting it in a muddy environment. This topic had moderate support,
high to medium cost, and low general applicability (it would be
applicable only to future plants and probably only in selected sites).
The highest-priority topic and the one that seems to have the largest
potential for risk reduction is the vented containment: if the core
is melting, the containment is opened to the atmosphere through
filters to prevent the large uncontrolled release of gaseous activity
that occurs when the containment ruptures by itself. It is proposed
to define a conceptual system configuration to determine feasibility,
sizing, and cost and to perform a quantitative value-impact analysis.
Concepts such as a separate building where the containment is vented
through a pool of water, sand and gravel filters, or charcoal filters,
will be explored. There is much information about the various con-
cepts, and it is not sure that any physical research will be required.
If it is, then the NRC will do it. Also studied will be some of the
other containment improvements that can be made.

We have given a specific example of the application of risk-
assessment techniques to improve the safety of nuclear power plants.
There are many other examples of applications that have been made in
solving specific licensing problems. The principal problem is
associated with stabilizing the licensing process; that is, finding
stopping places in the NRC review process.

Many believe that a major advance in licensing stability would
be achieved if criteria for acceptable levels of risk were estab-
lished. Presumably they feel that such criteria could provide a more
rational basis for decisionmaking, both within the regulatory process
and on a more broadly applicable societal basis. There are very real
questions about the utility of such criteria in societal applications.
Quantitative levels of acceptable risk have not been established in
the United States regarding any human endeavor. There are some
examples in other countries, but that does not change the problem of
implementing such procedures in the United States. Furthermore,
there is a body of opinion among social scientists, with some sup-
porting evidence, that participation by divergent elements in an open
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and local, and I emphasize local, decisionmaking process is the only
way of determining societally acceptable risk levels. This viewpoint
will not sit well with those of us in the physical sciences who have
the traditional belief that somewhere there are some decisionmakers
who will respond well to a fairly rational determination of accept-
able levels of risk. It is likely that neither of these viewpoints
is entirely correct.

If there is one place where criteria for acceptable risk levels
would, on the surface, appear to be useful it is in the reactor
licensing process. There are many examples of the difficulty involved
in deciding how far to follow the path of a particular accident
sequence in the review process. Clearly, there is some point at
which the combined probability of the events postulated is so low as
to make the consideration of additional events unnecessary. However,
even there, if such criteria were available, one would have to face
the problem of allocating portions of the allowable risks to the
various safety features of the plant in order for the criteria to be
usable. This is risk allocation, which is a whole separate and
complicated subject of its own. The establishment of such risk
allocations would be a formidable task, and even if feasible, would
represent and additional limitation on freedom in design. Further-
more, it is not clear that such allocations would be more useful than
other approaches. For instance, present NRC licensing activity
already uses what is essentially a qualitative level of acceptable
risk. The plants that are licensed have to meet NRC regulations and
guidance embodied in standard review plans and regulatory guides.
Moreover, the risk assessment in the Reactor Safety Study has in
effect measured the accident risks in plants that the staff has found
acceptable. Using this as a point of departure, in many cases a
simple straightforward analysis can demonstrate that a particular
accident sequence would or would not contribute to the overall acci-
dent risk defined in the Reactor Safety Study. The stopping places
in licensing analysis can be found by this approach. The NRC's
probabilistic analysis staff has demonstrated that in many cases
matters that have been of concern to the regulatory staff and to the
Advisory Committee on Reactor Safeguards have not in fact been
significant contributors to the overall accident risk and could be
ignored.

It is therefore clear that the quantitative risk-assessment
techniques can be used to great advantage in stabilizing the licensing
process without defining quantitative criteria for acceptable levels
of risk. We are now just beginning to apply risk-assessment tech-
niques to a whole variety of problems, and this should help signifi-
cantly in stabilizing the licensing process. This is being done in
close coordination between the Office of Nuclear Regulatory Research
and the Office of Nuclear Reactor Regulation. I will just list five
topics that we are looking at now. There are outstanding generic
issues on reactor safety, 133 of them. We have reviewed these
already, and it seems that perhaps 10 to 20 may significantly affect
risk whereas the others do not matter very much. This has yet to be
finished, promulgated, published, and accepted, but that is where we
are today. We are beginning to look at the standard review plan,
which guides individual reviewers and their review of reactors from a
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risk-assessment viewpoint to determine which items considered may not
be significant to risk. We are going to review those to find which
are important to safety and which are not. We will look at technical
specifications to find out which items are not significant to risk.
There is also the systematic evaluation plan for evaluating the
eleven oldest reactors in the country to find out what to do with
them. And we are going to review them from a risk-assessment view-
point to find out which items must be looked at and which items need
not be looked at. I am very excited about this new work that we are
just starting. It shows that the techniques of the Reactor Safety
Study have come of age and have achieved broad acceptance both in the
scientific community and in the NRC, and T hope we can do important
things with it.
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DISCUSSION

WILHELM: Could you give us some of the random conditions for a filter sys-
tem of a vented containment with respect to temperature, pressure difference, dose,
and relative humidity?

LEVINE: I am not able to define these conditions at this time since the
study I mentioned has not yet been done. Obviously,a spectrum of conditions (i.e.,
flow rates, pressures, etc.) will have to be examined to optimize the system de-
sign.

WILHELM: You may be interested to learn that we calculated the conditions
for such a vented containment filter system and the figures are rather shocking.
The flow, calculated for a German 1300 megawatt electric pressurized water reactor,
is 10,000 cubic feet/minute through the filter system. This is a problem when con-
sidering the wuse of sand bed filters. The temperature rises to 300° in the filter
system and the amount of hydrogen in the containment amounts of some 10,000 cubic
meters of hydrogen. With hydrogen present, you can't use silver zeolites for the
adsorption of iodine becaqulthe iodine would react to form hydrogen iodide and de-
sorb. Doses may rise to 10 rad on the adsorbent and the filter material, depend-
ing, of course, on the size of the filter system. I wish to mention these figures
only to show the audience what kind of challenge it is to build such a system.

LEVINE: I can't quarrel with your numbers although I suspect your flow
rate may be rather high. It turns out that to prevent a typical U.S. PWR contain-
ment from rupturing due to overpressure, requires a four or five inch hole. Now,
you can't get adequate flowrates through a four inch hole to accomodate your flow
rate, so I suspect there is some difference in the assumptions on which you made
your calculations. You're certainly right about the challenge that would occur to
a filter system, but there are filter systems in the United States that can handle
very large flowrates and do so effectively. They're classified, unfortunately, so
I can't talk much about them. It's a challenge, but I think it can be done.

KOVACH: I disagree with Mr. Wilhelm's analysis of the vented contain-
ment. If the venting is started early enough after a LOCA, a smaller than 10,000
CFM filter is required. We have presented such an analysis at the 1l4th Air Clean-
ing Conference. The quantities that were shown were a few thousand CFM, one to
three, to prevent an overpressurization of the reactor. At that point, you have
no hydrogen.

LEVINE: I agree with you.

FIRST: In view of the fact that Saul Levine has given us such an excel-
lent review of how accident trees were used for making the assessments that he's
covered so well, I've taken the privilege of sliightly altering our program by ask-
ing Dade Moeller to give his talk next instead of waiting for the paper that was to
go in between. The reason I've asked him to do this is that Saul Levine identified
accidents sequences and talked about engineering safety system failure. Dr. Moel-
ler's paper, entitled Review of Failures in Nuclear Air Cleaning Systems, fits very
neatly with the papers we've just heard in terms of the practical applications. Dr.
Moeller has spoken on this topic at previous meetings and the information he has
brought to us has been not only excellent but quite startling, and I'm sure you
will find what he has to say today equally interesting and important.
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REVIEW OF FAILURES IN NUCLEAR AIR CLEANING SYSTEMS
(1975 - 1978)%

Dade W. Moeller, Chairman
Department of Environmental Health Sciences
Harvard School of Public Health

Boston, Massachusetts

Abstract

During the period from January 1, 1975, through June 30, 1978,
over 9,000 Licensee Event Reports (LERs) pertaining to the operation
of commercial light water nuclear power plants 1In the U. S. were
reported to the Nuclear Regulatory Commission. Of these reports,
over 1,200 (approximately 13%) pertained to failures in air monitoring,
ventilating and cleaning systems. For BWR installations, over half
of the reported events related to failures in equipment for moni-
toring the performance of air cleaning systems as contrasted to
failures in the systems themselves., In PWR installations, fallures
in monitoring equipment amounted to about 32% of the total.

Reported problem areas in BWR installations included the primary
containment and standby gas treatment and off-gas systems, as well
as the High Pressure Coolant Injection and Reactor Core Isolation
Systems. For PWR installations, reported problem areas included
primary contalinment and assoclated spray systems and waste proces-
sing equipment. Although data on reported failures 1in power reactor
installations can be interpreted in a variety of ways, one message
is clear. There is a need for research on the development of more
rellable equipment for sampling and monitoring air systems.
Equipment that provides inaccurate data on the performance of such
systems can lead to as many problems as inadequacies in the systems
themselves.

I. Introduction

At the 13th Air Cleaning Conference in 1974, this author
presented a paper(l) in which an analysis was performed of 55
faillures that had been reported in nuclear air cleaning systems
during the time period from 1966 through 1974. Of these failures,
28 had occurred in commercial nuclear power plants. Since that
time, there has been a large increase in the number of commercial
nuclear power plants in operation. 1In fact, during the period from
January 1, 1975, through approximately June 30, 1978 (the time
period covered by this study), over 9,000 additional Licensee Event
Reports were submitted,(2)(3)(4)(5)(6Jof which over 1,200 pertain
to failures in nuclear air systems. This paper presents a summary
of observations made on the basis of an indepth review of these
newer items. In evaluating this report, it should be noted that it
differs in two basic ways from the earlier paper. First, this anal-
ysis was confined to events occurring within commercial nuclear
power plants; second, it was broadened to include reports on air
monitoring and ventilating, as well as air cleaning systems.

¥This work was supported in part by the U.S. Department of Energy
under contract EY 76 S 02-3049 :
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Table I. Overall tabulation of licensee event reports

Power Reactors All Events Alr Cleaning Events#¥
Reactor Number Total Number per "Total Number per
Year Type Operating® Number Reactor Number Reactor
1975 BWR 20 1169 58 121 6.0
PWR 27 1097 41 141 5.2
1976 BWR 23 1253 54 227 9.9
PWR 30 1264 42 131 b,y
1977 BWR 2u 1190 50 152 6.3
PWR 36 1678 b7 210 5.8
1978 BWR ol 637 ¥%¥ 5% %% ¥ 1o5%% % 10, hx%%*
PWR u1 1076%%% 52 % %% % 100k % ¥ 5.g¥¥% %
* Includes events pertalning to air monitoring, ventilating, and
cleaning
£ %

As of July 1 of the given year

¥¥%¥ Through approximately June 30, 1978

¥*¥¥¥Projected through December 31, 1978
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As may be noted in Table I, there was a yearly average of 50
to 58 LERs per operating commercial Boiling Water Reactor (BWR) and
41 to 52 LERs per operating commercial Pressurized Water Reactor
(PWR) during the three and one-half year period covered by this study.
It should be observed, however, that these averages were calculated
using a simplistic approach. That is, they were computed by
dividing the total number of LERs for each year by the number of
reactors operating as of July 1, of the same year. For BWR plants,

approximately 10% to 20% of the reported events pertain to failures
in air systems; for PWR plants, the range is from 10% to 139%.

The higher average number of events pertaining to air systems in
BWRs is to be expected since there are more opportunities for radio-
active airborne releases from such facilities and the number of
associlated air monitoring, ventilating and cleaning systems is
greater.

II. Review of Specific Failures

Details of LERs pertaining to air monitoring, ventilating and
cleaning units within specific reactor systems for BWRs and PWRs are
summarized in Tables IT and III, respectively.

Problems in BWRs

As may be noted, the reported events for BWRs relate to the
commonly expected areas such as primary and secondary containment,
and standby gas treatment and off-gas systems, as well as to the
less expected areas such as the High Pressure Coolant Injection
(HPCI) and Reactor Core Isolation Cooling (RCIC) systems. Of
particular note is the large number of reported events associated
with the equipment designed to sample and monitor the performance
of ventilating and air cleaning systems. In fact, an analysis of
the data shows that 51% of all reported failures were in the equip-
ment installed to monitor the performance of the air cleaning and
ventilating systems. Further analyses show that, of the failures
in air sampling and monitoring equipment in primary containment,
41%. occurred as a result of deficiencies in the air sampling portion
of the system, as contrasted to failures in the detector or analysis
unit itself. Of the failures within the detectors and analyzers,
31% were with hydrogen and/or oxygen analyzers, 35% were with pres-
sure sensors, 26% were with radiation monitors (gaseous and parti-
culate), and about 9% were with temperature monitors. The relatively
high frequency of failures in hydrogen and oxygen analyzers is of
special significance in view of the importance of such monitors to
warn of explosive mixtures within various BWR systems.

With respect to specific failures in air monitoring, ventilating
and cleaning systems in BWRs, the following appear worthy of note.

Violation of Single Failure Criterion

During operation of one plant in 1975, it was discovered that
an auto initiation signal for one standby gas treatment unit auto-
matically closed the inlet valve to the second unit. As a result, if
the inlet valve for the initiating unit failed, no inlet valve for
either unit would be open. This proved to be a vioclation of the single
failure criterion and the logic system was modified to remove Lhis
deficiency. This same problem was discovered at a second operating
BWR in 1976 and again reported as an LER.
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Table II. Summary of licensee event reports

Air Monitoring, Ventilating and Cleaning Systems

(Boiling Water Reactors, 1975 - 1978)

Nature of Number of Events
System Conponent Problem 1975 1976 1977 1078%
Primary Atmospheric Failure in 7 36 14 26
contain- sampling sampling
ment’ and moni- system
toring
Failure of 17 L6 24 33
detector or
analysis
unit
Diluting, Deficien- 19 31 11 10
lnerting, cies in
or venti- nitrogen
lating purge or
system ventilating
system
Deficien- 0 0 0 2
cies in
filter
system
Torus Failure of 10 10 9 3
vacuum
breakers
Improper 9 19 0 3
water level
or indicator
malfunction
Contain- Deficiencies 2 8 0 0
ment in operation
spray cf valves
system
Failure of 2 b 1 1
supporting
equipment

*¥*Through approximately June 30, 1978
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Nature of Number of Events

System Component Problem 1975 1976 1977 1978%
Reactor Coolant Excessilve 2
cooling purifica- airborne
system tion release
system
Hydrogen 0
explosion
Leak detec- Faillure of 1
tion system particulate
sampler
Injection Isolation 13
and iso- of high
lation pressure
system coolant
injection
system
Isolation 1
of reactor
core 1iso-
lation
cooling
system
Secon- Atmospheric Failure 1
dary sampling in
contain- and moni- sampling
ment toring system
(Reactor system
building)
Failure 7
of radio-
active gas
monitor
Diluting Failure of 5
and venti- blowers,
lating isolation
system valves, or

¥Through approximately

dampers, or
cooling
water flow

June 30, 1978




System

Standby
gas
treat-
ment
system

Off-gas
system
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Nature of

Number of Events

Component Problem 1975 1976 1977 1978%
Air flow Failure of 14 8 8 10
system blowers,
low flow,
train over-
heated, ex-
cessive
moisture
Filter Adsorbers 2 2 2 2
system depleted
or absent,
filters
plugged
Fire Flooding of 0 1 0 3
protection charcoal
system filters
Sampling Failure in 5 5 5 3
and moni- sampling
toring system
system
Failure of 2 4 11 3
detector
or analysis
unit
Air flow Failure of 2 4 8 2
system drain line,
leaks in line
Filter Excessive 0 0 1 0
system pressure
drop
(plugged
filter)
Fires or 2 5 2 1
explosions
Combustible Excessive 1 2 2 1
gas control hydrogen
concentration
¥ Through approximately June 30, 1978
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Control
room or
bullding

Turbine
room

Main
stack
discharge
system
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Nature of

Number of Events

Component Problem 1975 1976 1977 1978%
Sampling Failure in 0 1 0 0
and moni- sampling
toring system
system
Failure of 1 4 1 0
detector
or analysis
unit
Ventila- Failure in 2 1 2 5
ting emergency
system ventilating
system
Atmospheric Faillure of 0 0 1 0
monitoring radiation
system monitor
Airborne Excessive 0 Yy 0 0
radioactive airborne
release release
control
Ventilating Lack of 1 0 0 0
system interlocks
on supply
and exhaust
fans
Sampling Failure 4 7 7 2
and moni- in
toring sampling
system system
Failure 3 > 12 I
of detector
or analysis
unit
Air flow Inadequate 0 0 1 2
system flow
TOTALS 121 227 152 125

# Through approximately June 30, 1978
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Isolation of HPCI and RCIC Systems

An interesting set of failures has been the isolation of the
High Pressure Coolant Injection (HPCI) and Reactor Core Isolation
Cooling (RCIC) systems that has occurred as a result of inadequacies
in the ventilating systems within several BWRs. One such event
occurred in 1975, nine in 1976, and eleven in 1977. The basis of
the problem is that the areas through which the piping from the HPCI
and RCIC systems passes are equipped with temperature sensors which
are designed to isolate these systems in case there is a steam leak
in the lines. If, however, there is a malfunction in the venti-
lating systems for these areas, or a sudden change in the outdoor
temperature which leads to the sensor indicating a steam leak, the
two systems are automatically isolated. Correction of the problem
appears to be to increase the capacity of the air ventilation
systems for the affected areasas.

Deficiencies in Control Room Ventilating System

In 1977, a worker was distracted while filling the caustic
and acid tanks in the makeup demineralizer water room. The tanks
overflowed and the acid and caustic interacted with each other and
the concrete floor producing fumes. Since the exhaust fan in the
room was inoperable, the fumes seeped into the Control Room ventila-
tion system. Since the Control Room ventilation system was limited
to a maximum of 10% outside (makeup) air, the operators shut off
the ventilation system and transferred to the portable supplied air
packs. Without the ventilation system on, the Control Room heated
up and possible instrument failures were feared. As a result, the
plant was put on Emergency Alert until the situation could be
rectified.

Fires and Explosions in Off-Gas Systems

Fires and explosions continue to be a problem in BWR off-gas
systems. There were two such events in 1975, five in 1976, two
in 1977 and one has occurred in 1978. In 1975, a closed iso-
lation valve in the off-gas system at one BWR forced off-gas from
the steam Jet air ejector through a loop-seal drainline from the
holdup line to a sump and back to the dilution fans prior to being
discharged through the elevated release point. The sump became
pressurized and an explosion occurred when a health physicist
removed a manhole cover to the sump and turned on a sampler to check
for air contamination. Two people were injured as a result of this
event. Later inspection showed that the control room valve position
indicating lights and control switch showed the closed valve to be
open. Errors in the electrical wiring to the valve were corrected.

In another event in 1975, catalyst pellets from the recom-
biners were somehow dislodged and transported, perhaps by system
flushing, into the preheaters, a pressure valve, and two low point
drains in an off-gas system. Later the pellets ignited and caused
an explosion.
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In 1976, a buildup of ice in the upper portion of the exhaust
stack at a BWR resulted in backpressure and the accumulation of hy-
drogen in the off-gas building. Later, an explosion completely
demolished the buillding. Corrective action included heat
tracing and insulation of the upper portion of the elevated dis-—
charge pipe. In another case during the same year, an explosion
occurred in the stack filter house at a BWR. This resulted from
the improper positioning of a demister that permitted moisture tocol-
lect-and freeze on a HEPA filter, causing a decrease in the flow rate.
Pressure buildup resulted in the unseating of a number of off-gas
loop seals, which permitted both airborne radioactive materials and
hydrogen gas to enter the stack filter house. Corrective actions
included proper positioning of the demister and other measures.

In another sequence of events in 1977, a welder's torch set
off a hydrogen explosion in an off-gas delay line. Although the
line was designed to withstand an explosion, the pressure wave
caused water to be removed from the loop seals provided to draw
condensation from the gaseous mixture in the off-gas pipe. Since
the seals were not refilled, hydrogen built up in two unventilated
rooms at the base of the plant stack. Later when a sump pump in
the base of the stack was activated, the explosive mixture in the
two rooms was ignited,

In early 1978, temperature transients were noted in six char-
coal beds in an off-gas system. Because a drainline in the off-gas
preheater was plugged, dilution steam condensed on the recombiner
catalyst, preventing the recombination of the hydrogen and oxygen
passing through the system. Ignition of the mix downstream of the
recombiner apparently ignited the charcoal. Nitrogen purge was used
to cool the charcoal and extinguish the fire. The drain line was
unplugged and the beds returned to service.

Hydrogen Explosion in Acid Day Tank

In 1975, a hydrogen explosion occurred in the condensate
demineralizer regeneration system acid day tank at a BWR power plant.
The hydrogen was formed when moisture from the atmosphere interacted
with concentrated sulfuric acid in the tank due to depletion of the
dessicant in a vent line. The explosion, believed to have been
ignited by a spark from a nearby welding operation, blew the top
off the tank and broke the vent and fill piping. As a result of
this event, acid was deposited on nearby equipment, cable trays
and the floor.

Fallures in Recombiners

The 1mportance of recombiners in preventing the accumulation
of explosive mixtures in off-gas and SBGT systems is well known.
Proper operation of such units, however, is important from other
aspects. For example, while attempting to return a recombiner
system mechanical compressor to service after maintenance at one BWR
in 1978, the operator left open the inlet-sumpdrain valve. This allowed.
radlioactive gas to escape from the system to a ventilated sump
and then through the vent stack. The resulting release of radioac-
tive material was 4.7 times the Technical Specification limit for a
short period of time.
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Browns Ferry Fire

As is well known, the use of a candle for testing for penetra-
tion leakage in the wall between the cable spreading room and the
reactor building in Browns Ferry, Unit 1, in March, 1975, led to a
fire in the cable spreading room. As a result of this experience,
many improvements and changes in fire protection procedures at
nuclear power plants are now in effect. In addition to terminating
the use of open flame for testing air leaks, recommendations
resulting from this event include the requirement that (a) control
and power cables for a ventilation system that is important in fire
control should not be routed through areas the system must ventilate
in case of fire; (b) ventilation designs should be provided with
the capability of isolating fires by use of cutout valves and
dampers; (c) capability for the control of ventilation systems to
deal with fire and smoke should be provided, but such provisions
should be compatible with requirements for the containment of
radioactive materials.

Fire Protection Systems

Because of the long recognized possibillity of fires in standby
gas treatment systems, equipment has been installed to deluge the
charcoal with water in case of a fire. 1In one instance in 1976
and three in 1978, shorts in the electrical wiring have caused this
equipment to actuate unnecessarily and flood the charcoal, thereby
requiring complete replacement of the adsorbent. This is particu-
larly noteworthy inasmuch as equipment designed to prevent or cor-
rect problems has actually been a source of fallure itself. Similar
problems have occurred in diesel generator rooms where defective
smoke detectors have led to the discharge of COp fire protection
systems.

Problems in PWRs

The reported events for PWRs relate to the commonly expected
problems associated with primary containment and its associated
spray system, as well as to the perhaps less expected problems
associated with waste processing systems. Again, there is a large
number of events related to equipment designed to sample and monitor
the performance of ventilating and air cleaning systems. In this
case, however, the percentage of such failures in terms of all
reported failures was only 32%, as contrasted to 51% for BWRs.

The percentage of air sampling and monitoring failures

within the primary containment due to the sampling portion of the
system was about 42%, essentially the same as the value (41%) for
BWRs. Of the failures within the detectors and analyzers themselves
the data show that 61% were with gaseous and particulate radiation
monitors, 30% were with pressure sensors, and 9% were with hydrogen
and oxygen analyzers. There were no reported failures of tempera-
ture monitors.

With respect to specific failures in alr monitoring, venti-

lating and cleaning systems in PWRs, the following appear to be
worthy of note.
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Table IITI. Summary of licensee event reports

Air Monitoring, Ventilating and Cleaning Systems
(Pressurized Water Reactors, 1975 - 1978)

Nature of Number of Events

System Component Problem 1975 1976 1977 1978%
Primary Atmospheric Failure of 8 18 27 17
contain- sampling sampling
ment and moni- system
toring
Failure of 17 21 29 29
detector or
analysis
unit
Diluting Deficien- 23 26 35 11
or venti- cies in
lating purge
system (ventila-
tion) system
Deficien- 4 1 7 6
cies 1in
filter
system
Deficien- 28 17 28 15
clies 1n
air cooling
system
Emergency Failure of 0 1 0 1
combustible recombiners
gas control
Containment Spray system 11 5 13 8
spray not available
system
Performance 6 7 12 6
degraded
Containment Vacuum 2 2 3 0
isolation breaker
system inoperable

¥Through approximately June 30, 1978
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Reactor
cooling
system
(primary)

Control
room

Enclosure
building

Fuel
storage
building

Auxiliary
building
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Nature of Number of Events
Component Problem 1975 1976 1977 1978%
Pumps, Excessive 10 7 12 5
valves, airborne
pressurizer, releace
sensing
lines, etec.
Normal Failure of 0 2 7 L
ventilating dampers or
system fans, or
design
error
Failure of 0 2 1 2
heaters,
coolers, or
compressors
Emergency Fallure of 1 0 3 1
ventilating dampers or
system fans, or
deslgn error
Leak in 0 0 0 1
header
Emergency Failure of 0 1 2 1
sampling chlorine or
and moni- radiation
toring detector
system
Ventilating Water in 1 0 0 0
system off-gas
pipe
Ventilating Degraded 0 0 0 1
system charcoal
filter
Sampling Faillure 0 0 0 3
and moni- of radi-
toring ation
system monitor
Ventila- Failure of 3 0 b 1
ting dampers, or
system fans, or loss
of power
Filter plug- 0 1 1 0

ging or

heater failure
*Through approximately June 30, 1978
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System

Diesel
genera-
tor room

Turbine
building

Switch
gear
room

Waste
proces-—
sing
system

Main
stack
discharge
system

¥Through approximately
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Component

Ventilating
system

Atmospheric
sampling
and moni-
toring

Ventilating
system

Waste gas
decay tank

Waste gas
surge tank

Waste gas
vent header

Liquid
waste
system

Sampling
and moni-
toring
system

Air flow
system

Nature of

Number of Events

Problem 1975

1976

1977

1978%

Failure of 3
dampers or

fans, or

design

error

Failure of 0
air cooler

Failure of 0
radiation
monitor

Failure of 0
air cooler

Excessive 12
airborne
release

Excessive 3
airborne
release

Failure of 0
radiation
monitor on

loop seal

Excessive 3
airborne
release

Excessive 3
airborne
release

Failure of 0
sampling
system

Failure of 3
radiation
monitor

Failure of 0
exhaust fan

2

2

0

TOTALS 141
June 30, 1978
44
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Excessive Airborne Releases

Normal procedures call for the venting of the mixed-bed demin-
eralizer, using primary makeup water that contains no radioactive
gases. Because of personnel error, venting at one PWR i1n 1975
was done with the demineralizer connected to the reactor coolant
system. This resulted in the release of radiocactive gases from the
cooling system to the auxiliary building through a loose manhole
cover on the equipment drain tank. As a result of this mishap, 1n
which an estimated 63 curies of radiocactive gases were released, the
operating proce?uges have been upgraded and the manhole cover has
been tightened. 3

Ice Condenser Pressure Suppression System

Effective operation of the ice condenser system requires that
an adequate amount of ice be maintained in the containment at all
times. To accomplish this task, the ice bays are separated from
the rest of containment by a panorama of doors which are designed
to easily open to permit any steam released within containment to
enter the ice chambers and be condensed. Initial operation of these
systems has revealed some problems with ice forming on the doors and
hinge mechanisms, through condensation on the outside and bottom of
the door frame. Since lake water is used to cool the containment
atmosphere in the specific plant in which this problem occurred,
it is postulated that the higher ambient temperature during summer
months led to the condensation of vapor from the atmosphere on the
cold door frames. From there, the water seeped into the insulation
where it subsequently froze. To alleviate the problem, the floor
cooling system controls have been adjusted to increase the floor
temperature, the soaked insulation has been replaced and periodic
inspections of the doors have been instituted.(3)

Failures in Containment Spray Systems

One of the engineered safety features for dealing with a pos-
tulated loss of coolant accident in a PWR is the contailinment spray
system. Initially, such a system will take water from the Raw
Water Storage Tank (RWST) and pump it through the containment sprays.
After being sprayed, the water collects in sumps at the bottom of
containment. When the supply in the RWST has been exhausted, the
spray system continues by recirculating the water from the sumps.

As the spray cools the containment, however, the containment pressure
decreases. Calculations performed in 1977 showed that this pressure
decrease could lead to a reduction in the Net Positive Suction Head
(NPSH) and result in cavitation in the recirculating pumps. Since
proper performance of the pumps is essential to long term cooling

of containment and the pumps could be damaged if operated for a
period of time without water, this situation called for a thorough
analysis of the implications of the NPSH problem to the overall
performance of containment spray systems. The problem was solved

by showing that NPSH would not be reduced to the point that the
pumps would be damaged.
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Because of pumps being locked out of service, valves misaligned,
or loss of power, there were 37 events reported over the three and
one half year period of this study in which the containment spray
system was unavailable. Of these, over 90% were due to human error.
In addition, there were 31 events in which the pe?§?rmance of this
system was degraded. In the Reactor Safety Study , 1t was esti-
mated that there were about three chances in one thousand that both
of the duplicate spray systems would be unavailable because the
valves were not properly realigned after testing or the sensors that
activate the systems were not properly calibrated. During the
period covered by this study, there were approximately 113 reactor-
years of operations. Assuming the containment spray systems in each
PWR nuclear power plant were tested monthly, this means a total of
about 1350 tests were conducted. Using these data, one can calcu-
late that the 37 reports of unavailability over this period repre-
sent a probability of about 28 per thousand that one of the two con-
tainment spray systems would be unavailable. The probability that
both systems would be unavailable would be about one in one thousand,
which is substantially in agreement with the estimate given in the
Reactor Safety Study.

Containment Purging Reduced to Alleviate Airborne Releases

Excessive airborne releases at one plant in 1977 led to a
decision to reduce the frequency of containment purging. A factor
entering into this decision was that the plant had 36 inch diameter
purge lines and the NRC prefers not to permit continuous purging
unless smaller 8 inch lines have been installed. As a result of the
reduction in the frequency of purging, the plant's airborne releases
were reduced. At the same time, however, this led to a reduction in
the frequency with which containment could be entered for visual
inspections of safety related equipment, such as piping, snubbers,
etc. This is a good example of the interactions of various systems
within nuclear power reactors and highlights the Importance of good
alr cleaning equipment for the safe operation of such facilities.

Auxiliary Building Exhaust Fan Causes Reactor Trip

Another example of systems interactions was the instance in
which an operator, in anticipation of taking an air flow reading,
started the second auxiliary building ventilation fan. Because the
discharge damper on the fan was leaking, back pressure from the
operating fan caused the second idle fan to be rotating backwards.
When it was switched on, a large starting current was demanded.
This led, for unknown reasons, to tripping of the MCC-6 supply
breaker, instead of the fan breaker, and caused a reactor trip and
safety injection. The discharge damper was adjusted and the
breakers examined.

Impact of Faulty Sensors

A review of the reported events revealed a number of instances
in which failure of a sensor led to difficulties. For example,
because of the failure of a temperature sensor in the air intake
tunnel, the deluge fire protection system at one PWR prlant activated.
This led,in turn,to the loss of the building ventilation system for
a period of two and one-half hours. In another situation, the
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annulus emergency ventilation system was found to be inoperable.

The problem was traced to an incorrect reading from a pressure
sensor. The atmospheric pressure tap had been taped over during
painting of the auxiliary building outside walls and had not been
removed. In a related incident at another PWR power plant, the
performance of the containment spray system was degraded because
tape was left on the spray nozzles following painting of containment.

During the performance of preventive maintenance to verify
operation of the deluge system on a shield building ventilation
system, a heat gun was used to elevate the temperature of a heat
detector. Activation of the detector, however, locked out train
A of the shield building exhaust and recirculation fans, disabling
that train. Since train B had not been tested, this violated the
Technical Specifications. The procedure was inadequate in that it
did not include evaluation of the consequences of activating the
heat sensor.

In another occurrence at the same plant, a diesel generator
was taken out of service concurrently with the outage of safeguards
train A special zone ventilation fan. Subsequently, the special
ventilation fan in safeguards train B was tested, with the operating
personnel failing to recognize that a safeguards train A component
was out of service prior to placing the safeguards train B emergency
power out of service.

Violation of Single Failure Criterion

During a review of the electrical circultry associated with
the containment ventilation isolation valves, it was found that the
single failure criterion could not be satisfied for a postulated
short circuit or foreign voltage imposition in the control cir-
cuitry for these valves. All four valves were controlled from the
same electrical circuit. The same condition existed for the three
containment pressure relief valves. Modifications were made to
provide independent circuitry to one supply and one exhaust valve
and both pressure relief valves outslde containment.

Failure of Hydrogen Recombiners

Although not frequent, there were several repcrts of fallures
of emergency recombiners during the period of this study. For
example, during the semiannual operational check at one plant in
1976, it was found that a hydrogen recombiner could be loaded only
to U43KW. The resulting heater temperature was 1700F below the
Technical Specification 1limit. Preliminary inspection indicated
that one phase of the heater was grounded. A similar failure was
reported in 1978.

Ventilation and Instrument Performance

The importance of ventilation as a cooling source was well
illustrated bv an event in a PWR power plant in 1975 wherein a
critical instrumentation bus grid was lost due to high ambient
temperature. The cause was determined to be excessive ambient
temperature during a high load on the inverter. The system was
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redesigned to improve local ventilation. In another plant in 1977,
the air ejector radiation monitor blower tripped off. The cause
was an overheated condition in the monitor cabinet due to poor
ventllation.

During a refueling outage at another plant, condensation
built up and moisture shorted out the detector tube for the compo-
nent cooling heat exchanger radiation monitor. The source was
condensation buildup on the service water piping in the auxiliary
building. Although the detector tube was replaced and the pliping
in the area of the monitor was subsequently insulated, the new
detector tube failed, apparently because moisture had entered the
detector tube chamber prior to installation of the isulation.

Ventilation Systems and Containment Pressure

In 1977, a shift in the wind over a lake led to an alteration
in the water flow and a sudden change in the temperature of thecool-
ing water flow to the circulating and service water pumps in a PWR
plant. This resulted in an increase in the temperature and pressure
within containment and caused two of the four containment high pressure
signals to alarm, even though the actual pressure increase was only
about 1 psi. To correct the situation, the containment was vented.
In a contrasting event, a decrease in the outside ambient temper-
ature and a concurrent decrease in the component cooling water
temperature serving the containment recirculation fans at another PWR
plant caused the containment temperature to drop below 1000F, which
was in violation of the Technical Specifications. The fans were
secured and service water to the component heat exchangers was
throttled back to raise the component cooling water temperature.

Problems with Waste Gas Processing Systems

Although the number is decreasing, the frequency of excessive
airborne releases from waste gas decay tanks in PWRs appears to be
high. Twelve gases were reported in 1975, eight in 1976 and five
in 1977. 1In addition, there were 22 reports of excessive airborne
releases from other components within plant waste processing systems
When one considers that a typical PWR pressurized waste gas decay
tank may contain a considerable radionuclide inventory (upwards of
one third that in the charcoal beds of a BWR off-gas system), it may
be that more attention to developing procedures for avoiding these
releases is warranted.

ITIT. Commentary

Although there is a variety of ways in which the data from
this study can be interpreted, one message is clear. There is a
need for research on the development of more reliable equipment for
sampling and monitoring air systems. FEquipment that provides in-
accurate data on the performance of such systems can lead to as many
problems as inadequacies in the systems themselves.

These analyses have also shown that LER data can be used to
gain a better understanding of the various inputs required for
studies of the risks associated with the operation of nuclear power
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plants. One example was the observed frequency for the unavail-
ability of containment spray systems within PWRs. The data from
this study support the estimates used in the Reactor Safety Study.
There are undoubtedly other instances in which LER data can be
used to confirm or improve failure rate probability estimates for
other safety systems.

As this author has pointed out in a previous report, (1) a
review and analysis of LERs pertaining to air monitoring, venti-
lating and cleaning systems is a difficult task. One of the major
reasons for this is that LERs pertaining to this subject area are
not easy to extract from the totality of reported events. In
addition, there are many varlations in the way in which individual
nuclear plant operators report LERs, as well as in the key words
selected for recording them in the data bank. Events are classified
under a variety of titles and frequently the titles are misleading
from the standpoint of the air cleaning implications of the event.
Many licensees, for example, appear to use the words, "reactor

building," "shield building," and "containment" interchangeably.
Others appear to take a similar approach to the use of the terms,
"air cooling," "ventilation," and "purging," while others do not

distinguish between systems for normal operation versus those for
emergency situations.

Further compounding the problem i1s the fact that the indexes
are not designed to be of maximum help to air cleaning s?e ialists.
For example, the index to the 1976 1list of LERs for PWRs 5) contains
only one 1tem ﬁnder the subject of "air cleaning"; the corresponding
list for BWRS( ) contains only two items under this category. The
reports for 1975 contain no items within this category.(2)(3)

Since the use and analyses of these data can yield a multitude of
benefits in terms of improved nuclear air monitoring, ventilating
and cleaning systems, it would appear that the Nuclear Regulatory
Commission should be encouraged to conduct a study to determine and
implement approaches to improve the methods by which LERs pertaining
to this subject area are logged into the system.
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DISCUSSION
GIBSON: What is being done about improving the reliability of air moni-
toring and sampling systems?
MOELLER: One step that has recently been taken is a reaffirmation of the

American National Standards Institute Guide to "Sampling Airborne Radioactive Ma-
terials in Nuclear Facilities'" (BSR N13.1-1969). On the basis of the data report-
ed here today, however, I believe much more needs to be done. 1In particular, DOE
and/or NRC need to sponsor a research program specifically directed to the types
of failures in such systems as recorded in the LERS.

FIRST: In addition to engineering and careful design, we badly need
standards which will point the way and avoid the kinds of accidents we have been
hearing about. The next two speakers will describe the very active program of nu-
clear standards development which had been supported by the Atomic Energy Commis-
sion and ERDA and is now supported by the Department of Energy. Its importance is
well recognized.
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PROGRESS IN STANDARDS FOR NUCLEAR AIR AND GAS TREATMENT*

C. A, Burchsted
Nuclear Standards Office
Oak Ridge National Laboratory
Oak Ridge, Tennessee

Abstract

Standardization in nuclear air and gas treatment spans a period of more than
25 years, starting with military specifications for HEPA filters and filter media,
and now progressing to the development of a formal code analogous to the ASME Boiler
and Pressure Vessel Code. Whereas the current standard for components and installa-
tion of nuclear air cleaning systems is limited to safety related facilities for
nuclear power plants, the proposed code will cover all types of critical ventila-
tion and air and gas treatment installations for all types of nuclear facilities.

Introduction

Standards for ventilation and offgas~treatment in nuclear facilities span a
period of at least 25 years, progressing from a standard specification for the basic
high efficiency particulate air (HEPA) filter and filter medium to the present
effort to develop a formal Code for the technology. The next paper of this con-
ference will review the present status of the Code program. The purpose of this
paper is to review the background that has led up to that Code.

Early Standards

The earliest standards in this field were military specifications MIL-F-51068
and MIL~-F-51079 which covered requirements for HEPA filters and HEPA filter medium,
respectively. To avoid the trap of distinguishing between a standard and a speci-
fication, these documents can be categorized as "standard specifications" -- that
is, documented minimum requirements for performance, construction, and testing of
the basic component that is at the heart of nearly every nuclear exhaust and
process-offgas treatment system. Although these standards were developed by the
Army's chemical warfare service to describe what was in the early 1950's a pri-
marily military component, they have undergone considerable modification over the
years to meet the needs of the nuclear industry. We are now at the point of
issuing the fifth revision of MIL-F-51068 and the third revision of MIL-F-51079.
MIL-STD-282, which provided the standard test for establishing the primary perfor-
mance characteristic of the HEPA filter (the monodisperse dioctyl phthalate [DOP]
particle-removal-efficiency test)-was published concurrently with these standards.
A new edition of that standard will be issued in the near future to reflect modi-
fications of the test introduced by the nuclear industry.

About the time that the military standards were being issued, Underwriters
Laboratories (UL), at the urging of Humphrey Gilbert of the U. S. Atomic Energy

*Research sponsored by the Division of Nuclear Power Development, U. S. Department
of Energy under contract W-7405-eng-26 with the Union Carbide Corporation.
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Commission (AEC), undertook the development of a series of tests to define and
measure the minimum fire and hot air resistance of HEPA filters. This culminated
in UL-586, Safety Standard for HEPA Filters, which has since been adopted as an
American National Standard (ANSI/UL 586). With publication of UL-586 and a series
of follow-on meetings at UL headquarters in Chicago aimed at unifying critical
requirements of HEPA filters, a core of individuals concerned with standardization
in the nuclear air cleaning field began to take form. This small group, which has
been in large measure shepherded by Mr. Gilbert, has been largely responsible for
the development standards for the nuclear air cleaning industry and remains central
to its standards to this day. Gilbert seldom served directly on standards-writing
work groups, but was often the prime mover in getting the standards started and in
goading the work groups on to completion. This group included representatives of
several AEC [now Department of Energy (DOE)] contractors, the Naval Research Labora-
tory, all of the HEPA filter manufacturers, and later the major manufacturers of
nuclear grade activated carbon. It was, and still is, well balanced between pro-
ducers and users in the industry.

During the 1960's the core group was called upon to work with the American
Association for Contamination Control (AACC, since merged with the Institute of
Environmental Sciences, or IES) to develop standards relating to clean rooms and
clean air devices. Although this may appear anomalous, the AEC, as the nation's
single largest user and operator of clean rooms at that time, had an important
stake in the development of effective standards for critical aspects of those
facilities. The AACC effort crystallized the core group of nuclear standards per-
sonnel, and it was to this group that the Nuclear Technical Advisory Board (NTAB,
now the Nuclear Standards Management Board, or NSMB of the American National Stan-
dards Institute) turned to provide the expertise for the development of standards
for the air cleaning facilities of commercial nuclear power plants. The closest
thing to a system standard at that time was an AEC report, ORNL—NSIC—65,(1 and its
emphasis was on the needs of AEC research reactors and laboratory facilities. The
original charter of the committee initated by NTAB, Nuclear Standards Commit-
tee N45-8, was to prepare a standard for boiling water reactor standby gas treat-
ment systems. From the first meeting in the summer of 1971 it was obvious that
this scope was much too narrow. The committee quickly broadened the scope to
include all engineered safety feature (ESF) air cleaning systems for all nuclear
power plants, this with the approval of NTAB. It was decided that the most effec-
tive approach to this project was to develop minimum specifications for each of
the critical components of an ESF air cleaning system -- filters, adsorbers,
demisters, housings, fans, ducts, dampers, etc. -- and procedures for the tests
needed to evaluate the acceptability and performance of those components after
they were installed. These became, in a sense, the basic building blocks of the
standards. From this effort came the two standards which are basic to the.nuclear
air cleaning industry today, ANSI N509, Standard for Nuclear Power Plant Air
Cleaning Units and Components, and ANSI N510, Standard for Testing of Nuclear Air
Cleaning Systems (published 1976 and 1975, respectively).

Current Standards Activities

The earliest standards efforts stemmed from the need of users to define their
requirements for critical components to industry, and the need of industry to have
those requirements defined clearly, uniformly, and without equivocation so that
competition among manufacturers could be on an equal footing. As the nuclear
industry developed, other participants came into the picture -- architect-engineers
(A-E's), utilities, nongovermment laboratories, consultants, and now, increasingly,
the general public. There arose the need for more than simply specifying companents
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and equipment items. There arose the need for defining minimum requirements for
and performance of integrated systems made up of these basic building blocks for
specific applications in the interest of public safety. This took place, and is
taking place, not only in air cleaning, but throughout the nuclear industry. It
may be noted, however, that this branch of the nuclear industry appears to have

anticipated the trend, being among the earliest in the nuclear standards ''game''.

The first response to the expanded interest in nuclear standards was seen in
the AEC Safety Guides, now the Regulatory Guides (RG) of the Nuclear Regulatory
Commission (NRC). The guide of major interest to us has been RG 1.52, Design,
Testing, and Maintenance Criteria for Atmosphere Cleanup System Air Filtration and
Adsorption System Units of Light-Water-Cooled Nuclear Power Plants (initial issue
June 1973). This guide has undergone one revision and a second is in progress.
Other guides dealing with non-ESF air cleaning systems are also coming. The Regu-
latory Guides, strictly speaking, are not standards but only recommendations of
the NRC as to what they consider minimum requirements. Insofar as possible, NRC
desires that the Regulatory Guides be little more than documents that invoke
national standards developed under the voluntary consensus system. The guides
were developed to fill the vacuum that existed because no suitable consensus stan-
dards were available; the guides may be phased out as suitable standards are
developed.

Expansion of interest in nuclear standards has also led to the present effort
under the American Nuclear Society (ANS) to develop a family of system standards
covering requirements specific to certain types of air cleaning systems for each
major category of reactor, for specific types of fuel manufacturing and processing
facilities, hot cells, and so on. These will not duplicate the requirements for
basic building blocks of such systems, and specified in ANSI N509 and N510, but
will provide the framework for invoking the appropriate portions of those standards
for specific applications. Although none of the ANS standards have been published
to date, most are in one phase or another of the consensus process that leads to
publication (see Appendix).

The most important current effort in the nuclear air cleaning standards
arena is the development of a formal Nuclear Air and Gas Treatment (NA&GT) Code.
Development of this Code, which has been assigned to the American Society of
Mechanical Engineers (ASME), is an outgrowth of the NTAB-NSMB N45-8 activity. In
the fall of 1976, N45-8 was transferred to sponsorship of ASME and became the ASME
Committee on Nuclear Air and Gas Treatment (CONAGT). Although the committee's
first efforts have been aimed at updating and correcting certain deficiencies of
the current ANSI N509 and N510, its charter was the development of a code analo-
gous to the ASME Boiler and Pressure Vessel Code which will eventually replace
those standards. Whereas N509 was limited, by scope, to ESF systems of nuclear
power generation plants, the proposed Code will cover all essential ventilation,
air cleaning, and process-offgas treatment equipment for all types of nuclear
facilities. The writing of the Code will not be an easy job and will involve inputs
from a great number of technical and professional societies, trade associations,
and governmental organizations. Mr. J. F. Fish, Chairman of CONAGT, will review
the present status of the Code effort in the next paper.

As did ANSI N509, the NA&GT Code will draw upon existing technology. Wher-
ever possible, requirements of the Code will be defined by reference to documents
of other organizations. There will be no restating or inventing of requirements
that have been previously, and perhaps better stated in existing standards. It
will be recognized that components, procedures, and certain functional guides
are basic building blocks of the industry, and that their requirements have been
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adequately defined by various professional or technical societies (e.g., ASME,
IEEE, ASTM) or trade associations (e.g., SMACNA, AMCA, ARI). The function of the
Code will be to tie these together into a comprehensive whole, to eliminate (by
exception) portions of the reference documents that are irrelevant or inadequate,
and to supplement them as necessary to alleviate any shortcomings. Once invoked,
together with any exceptions and/or supplementary requirements, these documents
will assume the mandatory and legal status of the Code when applied within the
framework of the Code. On the other hand, they will not have Code status when
applied outside of the context of the Code, and therefore their usefulness and
applicability in other industrial contexts will not be diminished. A list of
organizations and relevant documents that could be considered for Code investment
is given in the Appendix.

Codes vs Standards

Much fruitless effort has been expended in technical committees over the
years in trying to make a distinction between what is a code and what is a standard.
The following definitions from Webster may serve to avoid this trap in the further-
ance of the current Code effort:(2)-

Standard - something that is established by authority or general
consent as a model or example to be followed;

+ Code - a set of rules of procedure and standards...designed to
secure uniformity and protect the public interest. A set of rules
for, or standards of professional practice set up by an organized
group and...commonly having the force of law in a particular
jurisdiction.

That is, a code is of itself a standard. But it is more. Whereas a standard is a
model to be followed and implies some choice in its following, a code is mandatory
and carries the force of law when invoked in the statutes of a political juris-
diction. Furthermore, it contains rules for professional practice and has the
express purpose of protecting the public interest.

The stake of the public in nuclear air and gas treatment is substantially
greater than in industrial ventilation and air pollution control. Much of the
concern expressed by members of the public who fear nuclear energy can be reduced
to a fear of the gaseous release of radioactivity. The gaseous release is the
most probable mechanism by which the public would be exposed to radioactivity,
both from the "expectable' malfunction that may occur in the normal operation of
a nuclear plant and in the event of a "maximum credible accident". The equipment
and systems covered by the proposed NA&GT Code constitute the single most impor-
tant mechanism for countering any gaseous release. The importance of the program,
therefore, is clear.

On the other hand, there has been a certain suspicion of standards in
general, and codes in particular, on the part of industry over the years. Some
manufacturers of equipment that has proven highly competent and reliable in the
climate of industry have tended toward a laissez faire attitude in adapting
those items to the requirements of the nuclear industry -- the products have
withstood the test of time, why change now? Some feared that the restrictive
requirements of the nuclear submarine program might be imposed on them, and openly
resisted standardization efforts. These attitudes have been largely dispelled in
this day, but there still remains a belief on the part of some scientists, engi-
neers, and managers that the imposition of mandatory standards, in a free society,
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may be stifling and perhaps would inhibit or prevent the exercise of proper
technical judgment in particular situations calling for such judgment. There is
also the feeling that standardization necessitates compromise and reduces techni-
cal judgment to the lowest common denominator of the standardizers; since, in our
society and system of voluntary standards, anyone has the right to be heard in
matters of standardization, this is considered to mean reduction to the lowest
common denominator of the general public. But this is not true.

The consensus process by which codes and standards are reviewed, and
eventually reach the stage of approval and publication, not only enables every
voice to be heard, it also provides the means for resolving disputes and rejecting
the unsound or irrational viewpoint or objection. Consensus does not mean unani-
mity. It is unanimity that reduces technology to a lowest common denominator, not
consensus. Consensus does require compromise, but it is informed compromise. The
typical standard first goes through a series of prescribed reviews and evaluations
by the writing group and by whatever subcommittees and committees the sponsoring
organization deems necessary to achieve the required level of competence and
exposition. At that stage it can be adopted and published as an authorized stan-
dard of the sponsoring organization. To become an American National (ANSI) Stan-
dard, it must go through an additional, and broader series of reviews, including
review by the general public under the auspices of ANSI, to ensure that all inter-
ested parties have had the opportunity to assess its implications or to appeal
from its proposed requirements. This, briefly, is the consensus process. It
provides for competent peer review, for all points of view to be exercised and
ensures that elements that may have been overlooked by the experts are given due
consideration.

Every supplier to the nuclear air and gas treatment industry has its own
standards for controlling the work that he does. The mechanism of consensus and
ANSI standards reduces the possibility that those supplier standards will bend to
market-place pressures or the expediency of an immediate situation. There is con-
cern in the private sector, however, that such national standards can become regu-
latory and cannot be changed when technical judgment indicates that change is
needed. The public sector, on the other hand, is sometimes suspicious of the
motives behind the technical judgments of industry and needs some way to have
confidence that such judgments are based on the public interest. Standards, as
noted earlier, even national standards, have an aura of choice; they imply an
ability to deviate from agreed upon guidelines. Codes, on the other hand, are
more rigid; when invoked they have the force of law. Although developed by the
same competent people who develop standards, they necessarily are subject to the
additional public review of an ANSI standard. Finally, they are developed and
maintained in the traditional voluntary manner, not by lawmakers or regulatory
agencies. The force of law comes only after the code has been developed to the
satisfaction of all participant parties and has been invoked in the statues of a
political or regulatory jurisdiction.

The proposed NA&GT Code is a logical and evolutionary development of the
previous standards efforts and of the concerns of both industry and the public. It
provides a fundamental and necessary framework which, if properly understood and
applied, should allay the fears of both the public and private sectors. There may
still be the feeling on the part of individual engineers and scientists that,
although the objectives of the Code are sound, he is somehow the victim of a sys-
tem that will inevitably stifle his individuality. To that engineer or scientist,
let it be said that no amount of standardization can hope to provide for all con-
tingencies that will be met in its application. The Code can ensure that compe-
tent design and day-to-day processes and functions of the system are carried out
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in the best possible manner, but beyond that lies an illimitable area for
individual judgment and action. The requirements for original and creative thought
and the exercise of technical judgment and responsibility remain undiminished.

The writing and review of this Code will involve the donation of a great deal of
time and effort over the next few years by a large number of people -- it is hoped
that the members of this audience will respond appropriately when called upon.
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APPENDIX

STANDARDS ORGANIZATIONS AND DOCUMENTS RELEVANT TO THE
PROPOSED ASME NUCLEAR AIR AND GAS TREATMENT CODE

American National Standards Institute (ANSI)

American Society of Mechanical Engineers (ASME)

ANST
ANST
ANST
ANST
ANSI
ANST

ASME

N509
N510
N45.2
N45.2.1

N45.2.2
N45.2.6
11T
III-ND

A
IX

Nuclear Power Plant Air Cleaning Units and Components

Testing of Nuclear Air Cleaning Systems

Quality Assurance Programs for Nuclear Power Plants

Cleaning of Fluid Systems and Associated Components
for Nuclear Power Plants

Packaging, Shipping, Receiving, Storage, and Handling
of Items for Nuclear Power Plants

Qualifications of Inspection, Examination, and Testing
Personnel for Nuclear Facilities

Boiler and Pressure Vessel Code, Nuclear Power Plant
Components

Class 3 Components

Nondestructive Examination

Welding and Brazing Qualifications

American Nuclear Society (ANS)

ANSIT
ANST

ANSI

ANST
ANSI

ANST
ANSI
ANSI
ANST
ANST
ANST
ANST

ANST

N101l.6
N101.2

N101.4

N512
N202

N657
N720
N275
N276
N277
N189
N290

N303

Concrete Radiation Shields

Protective Coatings (Paints) for Light-Water Nuclear
Reactor Containment Facilities

Quality Assurance for Protective Coatings Applied to
Nuclear Facilities

Protective Coatings (Paints) for the Nuclear Industry

Radioactive Gas Waste System for the Stationary Gas~
Cooled Reactor Plant

Gas~Cooled Reactor Plant Containment Atmospheric
Clean-up System

Gaseous Radioactive Waste Processing Systems for Light-
Water Reactor Plants

Containment Hydrogen Control

Boiling Water Reactor Containment Ventilation Systems

Pressurized Water Reactor Containment Ventilation Systems

Safety-Related Ventilation Systems

Design, Construction, and Operation of Ventilation Systems
for Mixed Oxide (UO,-Pu0,) Fuel Fabrication Plants

Guide for Control of Gasborne Radicactive Materials at
Nuclear Fuel Reprocessing Facilities

Institute of Electrical and Electronic Engineers (IEEE)

ANST
ANST

€50.20
N4l.7

Test Code for Polyphase Induction Motors and Generators
Guide for Seismic Qualification of Class 1 Electrical
Equipment for Nuclear Power Generating Stations

(P) = Published, current edition; (D) = Under development; (R) = Under review.
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(P)
(P)
(P)
(R)
(P)
(R)
(P)
(®)

(P)
(®)

(P)
(®)

(®)

(P)
(D)

(D)
(R)
(D)
(R)
(R)
(D)
(R)

(R)

(P)
(?)
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IEEE

IEEE

IEEE

IEEE

IEEE

IEEE

IEEE

IEEE
IEEE

IEEE

c2
279

323
334

336

338
344
383

384
415

420
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National Electrical Safety Code

Criteria for Protection Systems for Nuclear Power
Generating Stations

Qualifying Class IE Equipment for Nuclear Power
Generating Stations

Type Tests of Continuous Duty Class IE Motors for
Nuclear Power Generating Stations

Installation, Inspection, and Testing Requirements for
Instrumentation and Electric Equipment During the
Construction of Nuclear Power Generating Stations

Periodic Testing of Nuclear Power Generating Station
Safety Systems

Siesmic Qualification of Class I Electric Equipment
for Nuclear Power Generating Station

Type Test of Class IE Electric Cables, Field Splices,
and Connections for Nuclear Power Generating Stations

Criteria for Separation of Class IE Equipment and Circuits

Planning of Pre~operational Testing Programs for Class IE
Power Systems for Nuclear Power Generating Stations

Guide for Class IE Control Switchboards for Nuclear
Power Generating Stations

Institute of Envirommental Sciences (IES)

IES/AACC CS 1
IES/AACC CS 8

HEPA Filters
High~Efficiency Gas-Phase Adsorber Cells

(P)
(P)

(P)
(®)
(P)

(P)
(P)
®)

(P)
(P)

(®)

(P)
(P)

American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE)

ASHRAE 52

ASHRAE 37

ASHRAE 68P

ASHRAE 62

Underwriters

Method of Testing Air Cleaning Devices Used in General
Ventilation for Removing Particulate Matter

Methods of Testing and Rating Unitary Air Conditioning
and Heat Pump Equipment

Method of Testing Sound Power Radiated Into Ducts from
Air Moving Devices

Natural and Mechanical Ventilation

Laboratories (UL)

UL 586
UL 900

Safety Standard for High Efficiency Particulate Air Filters
Safety Standard for Air Filter Units

Air Moving and Conditioning Association (AMCA)

AMCA
AMCA
AMCA
AMCA
AMCA
AMCA
AMCA

99

201
202
203
210
300
500

Standards Handbook

Fan Application Manual - Fans and Systems

Fan Application Manual - Troubleshooting

Fan Application Manual - Field Performance Measurements
Test Code for Air Moving Devices

Test Code for Sound Rating

Test Methods for Louvers, Dampers, and Shutters

American Welding Society (AWS)

AWS D 1.1

Structural Welding Code
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(P)
(®)
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(P)
(P)
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National Fire Protection Association (NFPA)

NFPA 90A
NFPA 90B

NFPA 91

Installation of Air Conditioning and Ventilating Systems

Installation of Warm Air Heating and Air Conditioning
Systems

Installation of Blower and Exhaust Systems

Air Conditioning and Refrigerating Institute (ARI)

ARI 410

ARI 680

Standard for Forced Circulation Air Cooling and Air
Heating Coils
Standard for Air Filter Equipment

National Electrical Manufacturers Association (NEMA)

Enclosures for Industrial Controls and Systems
Specification Guide for Industrial Motor Drive Systems

Motors and Generators

Safety Standard for Construction and Guide for Selection,
Installation, and Use of Motors and Generators

American Society for Testing and Materials (ASTM)

ASTM A36
ASTM Al123

ASTM Al64
ASTM Al67
ASTM A283
ASTM A525
ASTM A526
ASTM A527
ASTM A570

ASTM A606
ASTM A607

ASTM A666
ASTM D2854
ASTM D2862
ASTM E11

ASTM D2866
ASTM D2867

Specification for Structural Steel

Specification for Zinc Hot-Galvanized Coatings on
Products Fabricated from Rolled, Pressed, and Forged
Steel Shapes, Plates, Bar, and Strip

Specification for Electrodeposited Coating of Zinc on Steel

Specification for Stainless and Heat-Resisting Chromium-
Nickel Steel Plate, Sheet, and Strip

Low and Intermediate Tensile Strength Carbon Steel Plates
of Structural Quality

Specification for Steel Sheet, Zinc-Coated (Galvanized)
by the Hot-Dip Process, General Requirements

Specification for Steel Sheet, Zinc-Coated (Galvanized)
by the Hot-Dip Process, Commercial Quality

Specification for Steel Sheet, Zinc-Coated (Galvanized)
by the Hot-Dip Process, Lock Forming Quality

Hot-Rolled Carbon Steel Sheet and Strip, Structural
Quality

Specification for Steel Sheet and Strip, Hot—-Rolled and
Cold-Rolled, High-Strength, Low-Alloy with Improved
Corrosion Resistance

Specification for Steel Sheet and Strip, Hot-Rolled and
Cold-Rolled, High-Strength, Low-Alloy Columbium and/or
Vanadium

Specification for Austenitic Stainless Steel, Sheet,
Strip, Plate and Flat Bar for Structural Applications

Specification for Test for Apparent Density of Activated
Carbon

Specification for Test for Particle Size Distribution of
Granulated Activated Carbon

Specification for Wire Cloth Sieves for Testing Purposes

Test for Total Ash Content of Activated Carbon

Test for Moisture in Activated Carbon
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ASTM DxxxxX
ASTM DxxxxX
ASTM Dxxxx
ASTM Dxxxx
ASTM Dxxxx

ASTM A245
ASTM A479

ASTM A499
ASTM A500

ASTM D1056

ASTM D3467

ASTM D3466

Sheet Metal and Air

Test for Radioiodine Testing of Nuclear Grade Gas-Phase
Adsorbents

Test for pH of Activated Carbon

Test for Ball Pan Hardness of Activated Carbon

Analysis for Potassium and Iodine Impregnants in
Activated Carbon

Analysis for Tiethylenediamine (TEDA) Impregnant in
Activated Carbon

Specification for Flat-Rolled Carbon Steel Sheets

Specification of Stainless and Heat-Resisting Steel Bars
and Shapes

Specification for Hot~-Rolled Carbon Steel Bars and Shapes

Specification for Cold-Formed Welded and Seamless Carbon
Steel Structural Tubing in Rounds and Shapes

Specification for Sponge and Expanded Cellular Rubber
Products

Method of Test for Carbon Tetrachloride Activity of
Activated Carbon

Method of Test for Ignition Temperature of Activated Carbon

Conditioning Contractors National Association (SMACNA)

SMACNA
SMACNA
SMACNA
SMACNA

American Conference

Round Industrial Duct Construction Standards

Rectangular Industrial Duct Construction Standards

High Velocity Duct Construction Standards

Manual for the Adjustment and Balancing of Air Distribution
Systems

of Governmental Industrial Hygienists (ACGIH)

ACGIH

Industrial Ventilation

Industrial Perforators Association (IPA)

IPA

U. S. Department of

Perforating Industry Standards and Practices Manual

Defense (DOD)

MIL-F~51068
MIL-F-51079
MIL-STD-282

Filter, Particulate, High Efficiency, Fire—-Resistant

Filter Medium, Fire Resistant, High Efficiency

Filter Units, Protective Clothing Gas Mask Components,
and Related Products, Performance Test Methods
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REPORT ON ANSI/ASME NUCLEAR AIR AND
GAS TREATMENT STANDARDS FOR
NUCLEAR POWER PLANTS

James F. Fish
Nuclear Environmental Systems
American Air Filter Co., Inc.
Louisville, Ky.

Abstract

Original "N" Committee, N45-8, has completed and published through the
approved American National Standards Institute process two Standards, N-509 and
N-510. This committee has been dissolved and replaced by ASME Committee on
Nuclear Air and Gas Treatment with expanded scope to cover not only air cleaning,
but thermal treatment equipment. Current efforts are directed to produce "Code"
documents rather than "Standards' type publications. This report summarizes
changed scope, current organization and sub-committee coverage areas.

I. Introduction

Proceedings of the Twelfth AEC Air Cleaning Conference at Oak Ridge,
Tennessee August 28-31, 1972 contain an initial report by Leckie and Thompson
on ANST N45-8 Nuclear Gas Systems Treatment Standards.

Over the intervening six years, much has been accomplished. The organiza-
tional foremat has been changed and the scope and direction of the committee's
activity has been greatly expanded.

II. Voluntary Standards Procedures in U.S.,
particularly for Nuclear Equipment.

Under the procedure controlling voluntary standards in the U.S., the
American National Standards Institute recognizes three methods leading to a
National Standard:

1) The ANSI Committee method; in the nuclear area, the N Committee.
2) The accredited organization method.
3) The canvass method.

The ANSI organizational structure applicable to Nuclear activity is shown
in Table 1.

In 1971, this activity was organized under the "N" Committee method and
assigned to American Society of Mechanical Engineers as the secretariat organiza-
tion. Other "N" Committees covering other areas are assigned to other secre-
tariates for standards action. Overall responsibility for such assignments was
and is under American National Standards Institute.
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For some time, national voluntary standards activity has been receiving a
considerable amount of political attention. The basic question is "Should the
Federal Government take over such activity?" wunder the bannoer of
all concerned? ANST activity has been carefully controlled and is documented to
insure that all interested parties have full input access opportunity to any stan-
dard before any document is issued. To this end, the approved ANSI procedures are
available in printed form with each required step documented in great detail.

When a secretariat professional organization has demonstrated structure in
full accordance with these procedures, it becomes an "accredited organization'.
This means that the organization's procedures are also documented in detail,
committees are balanced representing all interests, and ballot procedures are
established to insure that all interests have full right of input, question and
objection to any proposed document. When any draft standard is forwarded to
ANSI's Board of Standards Review, it is also held open for comment by the general
public for a rather extended period. All comments received require detailed con-
sideration by the originating Committee and written response back to the origina-
tor of the comment or questiomn.

III. Nuclear Air Cleaning Standards Activity to Present

N45-8

In June 1973, AEC first published Regulatory Guide 1.52 covering require-
ments for Engineered Safety Feature Air Cleaning Systems. ANST Standards were
not recognized as they did not, at that time, exist outside of Committee.

In 1975, the N45-8 Committee document ANST N510 covering "Testing of Nuclear
Air Cleaning Systems" was published following in 1976 by ANSI N509, "Nuclear Power
Plant Air Cleaning Units and Components."

Therefore, in July 1976 and March 1978 when Revisions 1 and 2 to 1.52 were
issued, N509 and N510 were extensively referenced, a practice continued with
Regulatory Guide 1.140 for normal ventilation system filters first issued in
March 1978. When satisfactory standards are available, it is the practice of NRC
to reference them to the extent practicable.

Meanwhile, the American Society of Mechanical Engineers, Nuclear Codes and
Standards Supervisory Committee had achieved ANSI "accredited organization
status. The N45-8 organization was changed from "N" Committee status to
"Accredited Organization" Status under this Committee after accreditation was
achieved, see Table 2. The N45-8 Committee was then dissolved.

CONAGT

The new name is Committee on Nuclear Air and Gas Treatment, CONAGT, with
approved scope as follows:

"l. To Develop, review, maintain, and coordinate Codes and Standards for
design, fabrication, installation, testing, and inspection of equip-
ment for gas treatment for Nuclear Power Plants. As used herein 'gas
treatment' includes both HVAC and gas processing.
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(a) HVAC - the moving and conditioning of air which is supplied
exhausted, or recirculated into and from an enclosed space to
maintain prescribe ambient conditions. These conditions include
pressure, temperature, humidity, and contaminants.

(b) Gas Processing - the transportation of gas and the separation,
isolation, and disposal of its constituents by physical,
mechanical, chemical, delay, electrical and thermodynamic means.

2. Codes and Standards developed by this Committee will be supervised
by the ASME Nuclear Codes and Standards Committee.

3. This Committee will establish recommendations for ASME representation
on Committees of organizations other than ASME developing interfacing
Codes or Standards.

4, This Committee will develop recommendations for ASME positions on
interfacing or referenced Standards.

5. This Committee will develop Codes and Standards in accordance with the
Committee Procedures for Nuclear Projects approved by the American
National Standards Institute under the Accredited Organization Method."

The original scope, limited to air cleaning, has now been greatly expanded.

Codes vs. Standards

At approximately the time this was taking place, pressure was being exerted
to change over to a Code foremat rather than a Standard foremat. The Code con-
cept goes back basically to the ASME Boiler and Pressure Vessel activity, firmly
established by many years of operating experience. The reason for this change is
that Codes are legally enforceable documents which can be adopted by political
governing bodies to have the force of law. They specify minimum enforceable
requirements. Standards on the other hand tend to be somewhat looser and do not
lend themselves, in most cases, to legal status,

Organization

With the Committee scope broadened, it became obvious that a more complex
organization, including additional breadth of knowledge, was required. Table 3
shows how the CONAGT Committee is currently organized within the ASME structure.

The Executive Committee under Dr. Wittke brings policy and or other consid-
erations to the attention of the main committee for appropriate consideration.
Because this CONAGT activity interfaces with the work of so many other Committees
and organizations, the Coordinating Committee under Dr. Burchsted has its hands
full attempting to stay abreast of developments and arranging CONAGT comment and
input pertinent to other documents.

The breakdown of the Equipment Subcommittee under Mr. Miller is particu-
larly interesting as it indicates the diversity of equipment now included under
the Committee's surveillance. Subgroups cover: Fans, Dampers and Valves, Air
Cleaning Equipment, Structures, Refrigeration Equipment, Conditioning Equipment
and Gas Processing Equipment. The application of such items to nuclear plants
involves many considerations not encountered in conventional industrial installa-
tions.
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The Testing Subcommittee's responsibilities under Mr. Jacox are currently
directed towards air cleaning systems as initially covered in N510, but they are
in the process of expanding their work to include off-gas system tests and will
extend coverage to critical areas of other equipment as required.

The Qualification of Test Personnel Subcommittee under Dr. First is a most
critical area and will eventually set forth requirements for both Lab and Field
Test Personnel. Such tests are most important to protection of our overall envir-
onment. Therefore, it is considered prudent to carefully delineate the minimum
required ability of persons engaged in such test activity.

Revisions to N509 and N510

As few words of man are so perfectly set forth as to require no revision,
experience with both N509 and N510 has indicated that some changes are desirable.
The problem, however, was that the N45-8 committee that produced these standards
was no longer functioning. Also, of course, both documents will eventually be
incorporated into Code documents with updating and inquiry procedures (code cases)
being formalized. This will take some extended period of time.

Consequently, the Chairman of the Subcommittee on Equipment formed an ad hoc
committee of his Sub Group Chairman to revise N509. The Chairman of the Subcom-
mittee on Testing likewise formed an N510 ad hoc maintenance committee. These
Committees will handle revisions to existing Standards pending issuance of Codes.

Both of these groups are in the process of completing their final drafts of
Revision 1 to be balloted this year and if approved will go to Nuclear Codes and
Standards and thence to ANSI Board of Standards Review, with formal issue estimat-
ed in early 1979.

Overall efforts are first directed at critical Engineering Safety Feature
equipment and then to other non-ESF but critical items of hardware falling under
the CONAGT scope.

When adequate standards exist or when other organizations are producing
specific item requirements, we are very happy to reference them and not attempt
to reinvent the wheel!! ASTM, for example, particularly the D28 Committee under
Dr. Burchsted and specifically the D28.04 group under Mr. Rivers, have developed
key input reference documents.

Summary

Codes and Standards are sometimes viewed as a painful reality. On the other
hand, technical personnel use such references every day of their lives. Try to
think for a moment what life would be like if there were not standards for all
sorts of things we live with every day.

Now, almost eight years since the first get together at Engineering Society
Headquarters in New York City, it requires effort to think of Nuclear Air Cleaning
Equipment before Standards were drawn up, documented and enforced. Where would we
be without codes and standards? With that thought, I leave you all to consider
alternatives!!
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SESSION 1T

WASTE TREATMENT : VOLUME REDUCTION AND PREPARATION FOR STORAGE

Monday, August 7, 1978
CHATRMAN: J. C. Dempsey

OPERATION OF LOW-LEVEL RADIOACTIVE WASTE INCINERATOR
E. C. Choi, T. S. Drolet, W. B. Stewart,
A. V. Campbell

FLUIDIZED-BED CALCINATION OF LWR FUEL-REPROCESSING HLLW: REQUIREMENTS AND POTENTIAL
FOR OFF-GAS CLEANUP R. E. Schindler

VOLATILIZATION FROM BOROSILICATE GLASS MELTS OF SIMULATED SAVANNAH RIVER PLANT WASTE
G. W. Wilds

DISPOSAL OF HEPA FILTERS BY FLUIDIZED BED INCINERATION
D. L. Ziegler, A. J. Johnson

VOLUME REDUCTION OF LOW-LEVEL COMBUSTIBLE TRANSURANIC WASTE AT MOUND FACILITY
W. H. Bond, J. W. Doty, J. W. Koenst, Jr.,
D. F. Luthy

OPENING REMARKS OF SESSION CHAIRMAN:

The session we're starting is Waste Treatment: Volume Reduction and Preparation
for Storage. By way of perspective, I've been a member of the Interagency Review
Groups that have been mentioned in the previous session. The whole purpose is to
come up with a work plan and to take care of the nation's wastes in a long-range
way. High level waste, low level waste, transuranic waste, and all the rest.
Whether processing liquids or solids, offgases are one of the technically vulnerable
points in every case, from a technical as well as a control point of view. In that
sense, we're working against a moving, or unknown, target because the regulations
are being ratcheted in different ways. For example, EPA and NRC are meeting to pre-
pare guides and regulations regarding what emissions will be permitted from DOE fa-
cilities. It is expected that this work will be completed about this time next
year. So, all of the technology we will be talking about today should be considered
in this context. We will be discussing incineration of low level transuranic waste,
as well as calcination and vitrification of high level waste. There's no doubt
about its being a national requirement. We have waste in-place and we must do some-
thing about it. The President has asked us to have a plan ready by October 1 in
which all the aspects are outlined and what each agency has agreed upon as goals
and timing. Of course, one of the major questions is, "When are you going to get
it in the ground?" and that's one of the things we're concerned with. There is, as
you know, a timetable that identifies calendar year 1985 as the starting date for a
facility to accept DOE transuranic waste. And, to get there from here, the decision
that must be made is whether to process all that waste by incineration. Therefore,
1985 looms very near when you consider that all this technology must be in-place
and functioning by that time. I mention this to suggest that we have a new note of
urgency about the technology that we will be talking about this afternoon.
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The first paper is going to be by one of our colleagues from Canada. We're
most interested to hear about their program, which apparently is very parallel to
ours. The second paper is from the Allied Chemical Corporation in Idaho. It re-
lates to the offgas treatment of high-level wastes. For several years Idaho has
taken the lead in treating liquid wastes and is mow moving to a still more elabo-
rate treatment system. The third paper is also on the solidification of high-~level
waste; this time on vitrification, by Savannah River Laboratory. 1I'd just give you
a bit of perspective here: I think it's public information that this program is al-
so on the critical path of taking care of our nation's wastes. Solidifying these
wastes is a major concern. Work has been going on for some time but now that the
reports are coming in, we're sizing up the real magnitude of the problem. A plant
to do this is now estimated well over 2 billion dollars and it will also be of con-
cern in the Presidential report that is in preparation. All of us here have a
vested interest in what Dr. Wilds has to say and it will perhaps impact on our
children, as well. I think you'll agree that our final paper represents a fasci-
nating and ingenious solution to a waste problem.
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OPERATION OF LOW-LEVEL RADIOACTIVE

WASTE INCINERATOR

E.C. Choi, T.S. Drolet, W.B. Stewart,
A.V. Campbell

Ontario Hydro

Toronto, Ontario, Canada

ABSTRACT

Ontario Hydro's radioactive waste incinerator designed
to reduce the volume of low-level combustible wastes from
nuclear generating station's was declared in-service in
September 1977. Hitherto about 1500 m3 of combustible waste
have been processed in over 90 separate batches. The
process has resulted in 40:1 reduction in the volume and
12.5:1 reduction in the weight of the Type 1 wastes. The.
ultimate volume reduction factor after storage is 23:1.
Airborne emissions has been maintained at the order of 10~
to 10~5 percent of the Derived Emission Limits. Incinera-
tion of radioactive combustible wastes has been proven
feasible, and will remain as one of the most important
processes in Ontario Hydro's Radioactive Waste Management
Program.

I. INTRODUCTION

Ontario Hydro is currently operating over 4000 MW(e)
capacity of CANDU (Canadian Deuterium Uranium) generating
stations. Another 15,000 MW(e) capac1ty will also be
available by 1990 (Flgure 1).

The radioactive solid wastes from the generating
stations are processed and stored at the Radioactive Waste
Storage Sites of the Bruce Nuclear Power Development
Services (BNPDS) Department. Generally over 80% of the
Type 1 wastes from the generating stations are classified as
processable (Flgure 2) . The present storage cost of Type 1
solid wastes in fully engineered trenches is $lO60/m
(~$30/ft3). Due to this high cost, there is considerable
economic incentive to reduce the volume of the radioactive
wastes prior to storage.

The volume reduction processes selected are incincera-
tion for combustible wastes having less than 5 mR/h on
contact, and compaction for wastes unsuitable for incinera-
tion. The low-level radiocactive waste incincerator is
located in the Waste Volume Reduction Facility (WVRF) of the
BNPDS Department. The incinerator was commissioned in May
1977 and declared in-service in September of the same year.
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The wastes processed in this system may contain disposable
cotton and plastic coveralls, gloves, cardboard, paper, wood
pieces, oil absorbers, and mop heads, etc._ Specific activity
of the wastes is on the order of 10-4 Ci/m>. The wastes are
generally packed in clear polyethylene bags with an average
weight of about 5 kg/bag.

2.0 RADIOACTIVE WASTE INCINERATOR SYSTEM DESCRIPTION

Controlled air incineration is used to minimize radio-
active particulate emissions(Figure 3). The incinerator's
design capacity is 17 m3/burn (600 ft3/burn). About 2200 kg
of wastes can be processed in each burn cycle.

The primary chamber of the incinerator is loaded in
batch prior to ignition. Temperature in the primary chamber
during the burn is maintained at 538CC (1000°F) by adjustment
of the underfire air. The pyrolyzed gases generated in the
primary chamber are further oxidized in the after-burner at
871°C to 982°C (1600°F to 1800°F) with the aid of a propane
burner. The high-temperature flue gas from the after-burner
is then cooled to 204°C (400°F), the limiting temperature of
the baghouse. Despite the system's characteristicly low
particulate loading, a shaker type baghouse with Nomex bags
is provided for further filtration prior to release. The
incinerator is maintained at slightly negative pressure
(-0.05 kPa(g) or -0.2 psig) by an induced draft fan.

Detailed design of the incinerator was discussed in a
previous publication(l).

3.0 OPERATING EXPERIENCE

3.1 General

About 1500 m3 of Type 1 combustible wastes have been
processed in more than 90 burns since the middle of 1977.
The majority of the wastes processed had a contact field of
less than 2 mR/h. Until the end of 1977 50 hours were

required to completely process a batch of waste. This
included:

2 hours for loading the primary chamber with wastes;
2 hours for warming-up the after-burner;
24 hours for burning (from primary chamber ignition
to after-burner shut-down);
20 hours for cooling (from after-burner shut-down to
ash unloading);
2 hours for ash unloading into 200 L drums.

The process time has since been reduced to about 36 hours
eliminating the cooling period. Hot ash is now unloaded
directly into 2.5 m3 rectangular carbon steel containers as
soon as the burning cycle is completed.

The larger, rectangular container also have the advan-
tage gf holding several burns of ash, thus reducing the
handling time, and providing maximum use of storage space.
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An average batch-load of waste (~16.4 m3) produces
about 0.4 m3 of ash, giving an average volume reduction
factor of 40 to 1. The average weight reduction factor is
about 12.5 to 1. The ultimate volume reduction factor is
23:1 after storage of the 2.5 m3 containers in engineered
concrete trenches. One container occupies about 3.5 m3 of
trench space.

3.2 Characteristic of the Incinerator Ash
And Heat Exchanger Deposit

Spe01f1c activity of the ash collected ranges from 5 to
100 mCi/m3 depending on the type of wastes processed
Contact fields on most of the container surface is between
10 and 20 mR/h.

Analysis of the ash collected suggests that Co-60 is
the predominant radionuclide. Other major radionuclides
found are Ru-106, Cs-137 and Ce-144 (Table 1l). This
finding is consistent with the radionuclides found in other
types of radioactive solid waste. It can be seen that these
radionuclides are the activation and fission products
generally found in the reactor systems. Since most of the
solid wastes processed by the incinerator are generated
during reactor maintenance, it is not surprising that they
are contaminated with the above mentioned radionuclides.

Particle distribution analysis of a sample of ash
collected in the baghouse suggests that 10% of the ash
particles are under 10 mm and 50% under 30 »m. The largest
particle found is about 2000 mm. The lattér may be
attributed to particle aggregation in the baghouse.

Samples of slag from the primary chamber, and deposits
in the inside of the heat exchanger were analyzed for weight
loss upon ignition at 1000°C, and the chemical composition.
The results are summarized in Table 2.

Among the gamma-emitting radionuclides identified with
the heat exchanger slag deposit, Cs-137, Zn-65, Cs-134 had
notably higher concentrations than others such as Ru-106,
CO-60 -

3.3 Radiocactive Airborne Emissions

The stacks of both the radioactive waste incincerator
and the incinerator building ventilation system are equipped
with radioactivity monitors. Tritium, iodine and particu-
lates emissions are continuously monitored for operational
control. The building ventilation also includes exhaust air
from the compactor when it is in operation. Since the
incinerator is maintained at negative pressure, its
contribution to radioactivity emission via the building
ventilation exhaust is not significant during the burn
cycle. Some low-level, localized contamination of the room
air may occur during the incinerator loading and ash
unloading periods. :
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Emissions of radiocactivity are usually expressed in
percent of the Derived Emission Limits (DEL). The DEL of
each radionuclide expressed in Ci/week is estimated from the
maximum continuous release rate (Q) of that particular
radionuclide. Q is in turn expressed as:

Q (Ci/sec) = MPCa/Ka (1)
where MPCa the Maximum Permissible Concentration of the
radionuclide in air (Ci/m3)
long term mean dilution factor (sec/m3) as a

function of the effective stack height, the
distance from the source and the weather.

Ka

The MPCa, Ka and DEL of the major radionuclides emitted from
the incinerator and its building based on various pathways
are given in Table 3.

Using the lowest limits given in Table 3, the DEL's for
the radioactive incinerator and its building are:

I-131 0.72 Ci/wk
H-3 1.4 x 103 ci/wk
Particulates 1.8 Ci/wk

Airborne emissions from the incinerator and its building
in 1977 and early 1978 have consistently been below 0.1l% for
particulates, 0.01% for I-131, 1% for H-3 (Figure 4).
Airborne emissions in each burn via the incinerator stack
are given in Figure 5. The variation from burn to burn is
attributed to the origin and the type of wastes processed.

Tritium emissions have been consistently higher than
other radionuclides mainly because of the higher tritium
content in the wastes, and the volatile nature of tritium as
tritium oxide upon incineration. Tritium concentrations in
the reactor systems are increasing as a result of neutron
activation of heavy water. The average tritium concentra-
tion at Pickering 'A' Generating Station's Moderator System
was about 16 Ci/kg of heavy water at the end of 1977,
compared to 11 Ci/kg at the end of 1975. Airborne emissions
of tritium from Pickering ’A' were about 10 times higher
than those from the Waste Volume Reduction Facility in 1977.

Emissions of I-131 and particulates have consistently
been below 10~4 Cci for most of the burns. Analyses by the
stack monitors suggest that Cs-137, Cs-134 and Zn-65 are
the major radionuclides and constitute about 70% of the
gross gx emission. It can be seen from Figure 5 that
aside from tritium, emissions of radioactivity from the
incinerator are sufficiently low that extensive flue gas
treatment is not necessary with the type of wastes presently
processed.
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TABLE 3

Parameters Used for Airborne Emission Control

Indirect Intake Via Food Chain Direct Intake Via Inhalation or
External Irradiation
Radionuclides (Ka = 5 x 1077 sec/ma) (Ka = 1.3 x 10”6 sec/m3 @ 1 km from source)
MPCa (Ci/m>) DEL (Ci/wk) MPCa (Ci/m%) DEL (Ci/wk)
I-131 6 x 10713 0.72 3 x 107t 14
B-3 - - 3 x 1077 1.4 x 10°
Particulates
Cs-137 5 x 107 6.1 1.5 x 107° 700
cs-134 1.5 x 10711 1.8 1 x107? 470
sr-90 1.5 x 10732 1.8 4 x 1073 19
Sr-89 1.5 x 1074 1.8 2 x 10710 93
Co-60 - - 9 x 10711 42
Ru-106 - - 4 x 107l 19
Unidentified 1.5 x 10712 1.8 4 x 107 19
TABLE 4

Economic Analysis of the Radioactive

Waste Incinerator

Annual Cost Without Incineration

Waste Processable/y 2000 m3
Storage Cost ($1060/m3) $2,120,000

Annval Cost With Incineration

Ash Volume/y 3
{Volume Reduction factor = 23:1) 87 m

Storage Cost ($1060/m3) $ 92,000
Annual Fixed Cost of the Incinerator

(Total Capital Cost = $3.,7M, Capital
Recovery Factor = 0.24 depreciated

in 6 y, 11% interest rate) $ 875,000
Annual Operating and Maintenance Cost $ 600,000
Under Normal Conditions (Estimated) .

Total Annual Cost With Incineration $1,567,000
Annual Savings from Incineration $ 553,000
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FIGURE 4: AIR-BORNE EMISSIONS VIA THE RADIOACTIVE
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3.4 Other Airborne Emissions

The Environmental Protection Act of Canada(2) limits
the emissions of HCl (most restrictive among other contami-
nants such as Clj, SOj3) by requiring that its half-hour
average ground level concentration at the site boundary
(first point of impingement) be no more than lOOf&g/m3.
This is eqguivalent to a maximum emission rate of 10 g/s
under Type D Atmospheric Stability.

The Ontario Ministry of Health further requires that
the air quality in the working environment be lower than the
Threshold Limit Value of 7000 ug of HCl/m3 for an 8 hour
working day, and 5 day working week. Time averaging is not
allowed in this case. Under the hypothetical situation that
the wind blows in the same direction as the line between the
radioactive waste incinerator stack and the building venti-
lation intake, this is equivalent to a maximum emission rate
of 2.6 g/sec. Emission rate of HCl has been kept below this
level by restrictive burning of PVC wastes.

4.0 ECONOMIC ANALYSIS

With the impressive average volume reduction factor of
23:1 after final storage of the ash in engineered trenches,
there can be significant savings in the storage cost of Type
1l combustible solid wastes. Detail estimates are given in
Table 4. The annual saving can be even higher if longer
useful life of the incinerator is applied in the deprecia-
tion estimate, and if higher capacity factor is achieved.

5.0 CONCLUSION

Ontario Hydro's radioactive waste incinerator has been
in operation since mid-1977. Operating experience has
proven that incineration is a viable process to reduce the
volume of the wastes stored, and thus the storage cost.

Due to the low activity levels of the wastes processed,
airborne emissions of radioactivity have been well below 1%
of the Derived Emission Limits. More extensive off-gas
treatment system may be required if wastes with higher
levels of radioactivity and PVC are processed; but airborne
emissions are expected to remain controllable if tritium
levels in the wastes are not excessive. Incineration of
highly tritiated wastes is not recommendable due to the
volatility of tritium upon incineration.
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DISCUSSION

HILLIARD: Would you care to comment on the experience you've had with the
bag filter portion of your treatment?

CHOI: The airborne particulate emissions are very low (about 0.02 mCi/
burn or 0.1 mCi/week) because of the controlled-air incinceration process. At such
low emission levels, the requirement for a baghouse is only marginal, and coating

the filter bags for higher efficiency is not necessary. On the wholejthe baghouse
performance has been satisfactory.
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FLUIDIZED-BED CALCINATION OF LWR FUEL-REPROCESSING HLLW:
REQUIREMENTS AND POTENTIAL FOR OFF-GAS CLEANUP

R. E. Schindler
Allied Chemical Corporation, Idaho Chemical Programs
Idaho Falls, Idaho

Abstract

Fluidized-bed solidification (calcination) was developed
on a pilot scale for a variety of simulated LWR high-level
liquid-waste (HLLW) and blended high-level and intermediate-
level liquid-waste (ILLW) compositions. It has also been dem-
onstrated with ICPP fuel-reprocessing wastes since 1963 in the
W?ste Calcining Facility (WCF) at gross feed rates of 5 to 12
m°> /day.

A fluidized-bed calciner produces a relatlvely large vol-
ume of off-gas. A calciner solidifying 6 m /day of liquid
waste would generate about 13 standard m3/min of off-gas con-
taining 10 to 20 g of entrained solids per standard m®> of off-
gas. Use of an off-gas system similar to that of the WCF could
provide an overall process decontamination factor for particu-
lates of about 2 x 10!

A potential advantage of fluidized-bed caleination over
other solidification methods is the ability to control ruthe-
nium volatilization from the calciner at less than 0.01% by
calcining at 500°C or above. Use of an off-gas system simi-
lar to that of the WCF would provide an overall process decon-
tamlnatlgn factor for volatile ruthenium of greater than
1.6 x 10

I. Fluidized-Bed Calcination

Fluidized~bed calcination is one of the processes devel-
oped for calcination of liquid wastes from reprocessing of ex-
pended reactor fuels. A fluidized-bed calciner solidifies
liquid wastes in a fluidized bed of hot, granular solids. The
bed of granular solids is fluidized by forcing air upward
through a distributor plate and through the bed of solids at a
rate that suspends and causes a rapid mixing of the solids--
i.e., makes them behave like a fluid. The bed density is de-
creased by roughly 20% upon fluidization. The rapid mixing
that accompanies fluidization results in uniform compositions
and uniform temperatures throughout the bed. The liquid being
calcined is sprayed into the calciner in the form of droplets,
which calcine very rapidly upon impact on the surface of the
hot bed granules. The solids are converted mostly to oxides;
the water, nitrates, and other volatiles are evaporated and/or
decomposed. The calcined solids generated in a fluidized-bed
calciner consist of both granular bed particles with diameters
of 0.2 to 1.0 mm and fines with particle diameters that are
submicron to about 0.2 mm.
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The process heat needed to evaporate and/or decompose the
volatiles can be supplied by either in-bed combustion or in-
direct heating. With in-bed combustion (IBC), fuel and oxygen
are introduced directly into the bed; combustion takes place in
the fluidized bed. In-bed combustion functions efficiently at
temperatures of 500°C and above and calcining wastes contain-
ing nitrates (which aid combustion). Advantages of in-bed com-
bustion are: (1) a relatively simple installation, (2) suit-
ability for high-temperature operation, and (3) efficient heat
transfer. With indirect heating, the process heat is supplied
by a heat-exchanger placed in the fluidized bed. With small
calciners, heat can also be supplied through the calciner wall
(the small calciners have a higher wall surface to bed volume
ratio). Advantages of indirect heating are: (1) its suit-
ability for low-temperature operation, and (2) a lower volume
of calciner effluent (no combustion gases).

The Waste Calcining Facility (WCF) has demonstrated solid-
ification of radiocactive zirconium-fluoride and aluminum-nitrate
wastes in a fluidized bed with a cross-section of about one mZ2,
Gross feed rates have ranged from 5 to 12 m3/day. Since 1963,
the WCF has solidified approximately 13,000 m3 of radiocactive
liquid waste forming 1600 m3 of calcined solids.l»2535455
Process heat was supplied first by indirect heating with an
in-bed heat exchanger!:2:3 and later by in-bed combustion.»5

Flowsheets for calcination of radicactive liquid wastes
from the reprocessing of commercial LWR fuels were developed
on a pilot scale (10-cm and 30-cm-diameter calciners). Non-
radiocactive solutions simulating a variety of HLLW and HLLW-
ILLW compositions were solidified.® Most of the tests were
made with solutions simulating the gadolinium-poisoned HLWW-
ILLW ?nce anticipated from the Barnwell Nuclear Fuel Plant
(BNFP).

The potential advantages of fluidized-bed calcination are:
(1) the demonstrated large calcining capacity, and (2) the dem-
onstrated ability to control the formation of volatile ruthen-
ium species.®»7 Disadvantages are: (1) the need to select and
prepare the feed carefully--e.g., the sodium concentration must
be kept below 1 M to prevent agglomeration of the bed caused by
the formation of molten sodium compounds--and (2) the rela-
tively large volume of off-gas requiring cleanup.

II. Characterization of Off-Gas

A. Physical Characteristics

The design requirements for a calciner off-gas system de-
pend largely on the characteristics of the off-gas being
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cleaned. The off-gas described in Table I is postulated for a
relatively large fluidized-bed calciner designed to provide 50%
excess or catch-up capacity for a 5 MTU/day fuel-reprocessing
plant using a gadolinium-poisoned flowsheet. It would solidify
6 m3/day of waste to about 1100 kg/day of calcined solids.

Heat would be supplied by in-bed combustion at 500°C.

Table I

Calciner Off-Gas Characteristics

Flow, standard condition, m3/min 13
Flow at 500°C, m3®/min 38
Composition
Air, % 50
Combustion gases (CO,, CO, Hy,) % 8
Water vapor, % 42
NOyx, ppm 14,000
Solids, g/std m? 10-20

The off-gas composition of Table I is a flowsheet composi-
tion based on coperating conditions in the WCF and in the pilot
plant calciners. Most of the air is fluidizing air. The NOx
concentration is a value measured in a pilot plant test® cal-
cining simulated LWR HLLW-ILLW; it is about half the stoichio-
metric concentration of NOx based on the nitrate input in the
feed.

The solids concentration is based on pilot plant measure-
ments of solids carryover from the calciner. Solids carryover
from a plant calciner will depend on the calciner design: dis-
engaging height, baffles, and calciner diameter. Figure 1
shows a size distribution of the fines in the off-gas of a
pilot plant calciner. The size analysis is a composite of:

(1) a cascade-impactor analysis of the fines penetrating the
cyclone, (2) a screen analysis of the fines collected by the
cyclone, and (3) a cascade-impactor analysis of the smaller-
than-325-mesh fraction of the collected fines after redispersal
with a sonic ejector. At the point they were sampled, the
fines were probably agglomeratin% rapid1¥§ the estimated par-
ticle concentration is in the 10'?2 to 10 particles/m3 range.
Agglomeration during transport of the off-gas through a length
of pipe into another cell and through a cyclone and a quench
vessel would shift the tail of the curve upward--i.e., to
larger particle sizes.
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B. Volatile Components

Ruthenium volatility during solidification is a major con-
cern. A potential advantage of fluidized-bed calcination over
other solidification methods is that ruthenium volatilization
from tge7calciner can be controlled by calcining at 500°C or
above,”?’?

Figure 2 shows the measured®®7:® percent of ruthenium in
the feed that is volatilized with heating by in-bed combustion
at 500°Cor above, plotted as a function of (dual abcissa)
acidity and nitrate concentration. At nitrate concentrations
below 6.5 M and acidity below 4 N, the ruthenium volatility is
mostly below 0.01%--0.001 to 0.01%. High nitric acid concen-
trations result in increased ruthenium volatility. No definite
effect of other parameters--e.g., temperature and composition
variations--could be observed. However, limits in the sens-
itivity of the analytical methods used would not permit the
detection of volatiles below 0.001%.

The volatility of ruthenium when calcining low-acid feeds
(0 to 3&) with indirectoheating was investigated over the tem-
perature range from 300 C to 570 C with short-term calcining
tests. The test results are plotted in Figure 3. The ruthen-
ium volatility decreased rapidly with increasing temperature
between 300°C and 500°C dropping from 76-78% at 300°C to
less than 0.01% at temperatures of 500°C and above. The ru-
thenium volatility appeared to level out at temperatures above
500°C; however, this may be an artifact resulting from vapor
concentrations below the analytical detection limits. The
cause of the factor-of-a hundred data spread at 390°C and
400°C is not known.

Feed denitration with formic acid was evaluated as a po-
tential means of reducing ruthenium volatility when calcining
at lower temperatures with indirect heating. As shown in
Figure 3, feed denitration reduced ruthenium volatility by a
factor of about 10% in short-term tests. However, long-term
calcining tests with the denitrated feed (HLLW-ILLW) were un-
successful because of bed agglomeration. The main problem with
denitration was that it also deacidified the feed. The basic,
sodium-bearing, HLLW-ILLW then agglomerated® when calcined.

When calcining fluoride wastes with in-bed combustion,
ruthenium appears to behave as a semi-volatile species. The
volatile ruthenium forms a particulate when cooled in a spray
quench tower. The net result is that the fraction of the ru-
thenium from the feed that is in the fine particles carried in
the off-gas is 10- to 40-times higher than that of the particu-
late fission products--e.g., strontium and cerium. This behav-
ior was not observed in pilot plant tests with simulated LWR
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Figure 2. Ruthenium Volatility During In-Bed Combustion.
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HLLW-ILLW; however, it was not thoroughly checked. Christian®
argues that this should not be expected with non-fluoride
wastes.

There are also some indications of semi-volatile behavior
of cesium during the WCF campaigns with in-bed combustion at
500°C. The fraction of cesium released from the calciner and
penetrating through the off-gas system was a factor of about
six higher than that of the particulate radionuclides. Cesium
behavior was not evaluated in the pilot plant tests. The pos-
sibility of partial volatility of cesium should be considered
in the design of an off-gas system for a fluidized-bed calciner
operating at 500°C or above.

IIT. Off-Gas Systems

The WCF off-gas system® is of potential application to a
calciner for LWR HLLW-ILLW. A schematic diagram is shown in
Figure 4. Principal components are a cyclone, a venturi scrub-
ber, a silica-gel ruthenium adsorber, and HEPA filters.

Figure 5 shows the predicted flow of solids through the
off-gas system and the estimated airborne solids concentra-
tions. The most sensitive components of the off-gas system are
the HEPA filters which can deteriorate in service due to age
and to contact with moisture. If filter performance is moni-
tored, and deteriorating filters are replaced when necessary, a
set of filters in series can probably provide essentially any
required collection efficiency. The basis for the assumed
filter-system DF of 10° is: (1) the filter system contains a
pair of HEPA filters in series followed by a backup filter
system containing another HEPA filter, and (2) two of the 3
HEPA filters are in good condition providing a DF of 10° each.
The DF values for the other off-gas components are based on
WCF1°2°3°%2859 and/or Pilot plant® data. The overall DF for
particulates is 2 x 10'%. The DF's for any particulate fission
product would be the same as shown in Figure 5. For example,
the calciner feed would contain about 560,000 Ci/day of stron-
tium of which about 30 x 10°° Ci/day would be released with the
off-gas.

The predicted flow of volatile ruthenium vapors (with
l-yr-cooled waste) through the off-gas system is shown in
Figure 6. The component DF's are conservative values as might
be used in a safety analysis:

(1) The calciner DF of 10" is based on ruthenium volatil-
ity of 0.01%, which is roughly an upper limit value
for the data in Figure 2. The actual volatility may
be lower; however, refined experimental methods will
be required to demonstrate a lower volatility value
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(2) The scrubbing system DF of 2 was measured® in a pilot
plant scrubbing system which uses a venturi scrubber
without a quench tower. Christian and Rhodes® esti-
mate a DF of 10 for a scrubbing system with a quench
tower and scrubber.

(3) The adsorber DF of 800 is based on observed!s»2:38
performance of the WCF adsorber during operation with
indirect heating

The overall DF for volatile ruthenium is 1.6 x 10’ to 8 x
107. The release of volatile ruthenium would be 120 mCi/day or
less (with l-yr-cooled waste). A second stage of ruthenium
adsorbers would provide additional ruthenium adsorption if
required.

In conclusion, an off-gas system similar to the one used in the
WCF would probably be satisfactory for a large fluidized-bed
calciner for LWR HLLW-ILLW. Alternative designs may offer
improvements.
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VOLATILIZATION FROM BOROSILICATE GLASS MELTS OF SIMULATED
SAVANNAH RIVER PLANT WASTE¥*

G. W. Wilds
Savannah River Laboratory
E. I. du Pont de Nemours & Co.
Aiken, South Carolina 29801

Abstract

Laboratory scale studies determined the rates at which the
semivolatile components sodium, boron, lithium, cesilum, and ruthenium
volatilized from borosilicate glass melts that contained simulated
Savannah River Plant waste sludge. Sodium and boric oxides volatil-
ize as the thermally stable compound sodium metaborate, and account-
ed for ~90% of the semivolatiles that evolved. The amounts of semi-
volatiles that evolved increased linearly with the logarithm of the
sodium content of the glass-forming mixture. Cesium volatility was
slightly suppressed when titanium dioxide was added to the melt, but
was unaffected when cesium was added to the melt as a cesium-loaded
zeolite rather than as a cesium carbonate solution. Volatility of
ruthenium was not suppressed when the glass melt was blanketed with a
nonoxidizing atmosphere.

Trace quantities of mercury were removed from vapor streams by
adsorption onto a silver-exchanged zeolite. A bed containing silver
in the ionic state removed more than 99.9% of the mercury and had a
high chemisorption capacity. Beds of lead-, copper-, and copper
sulfide-exchanged zeolite-X and also an unexchanged zeolite-X were
tested. None of these latter beds had high removal efficiency and
high chemisorption capacity.

I. Introduction

One process being studied for long term management of Savannah
River Plant (SRP) high-level waste sludge is incorporation into a
porosilicate glass mabtrix by spray calcination and electric melting.
Several components of the melt will volatilize during the high tem-
perature vitrification process. Savannah River Laboratory (SRL) has
therefore initiated studies to determine the types and quantities of
species that vaporize during fixation of SRP waste into glass. These
studies provide basic data that are required to design an off-gas
clean-up system for a vitrification process. This paper discusses
laboratory-scale studies of the vaporization of sodium, lithium,
boron, cesium, and ruthenium from glass melts. The chemical form in
which these semivolatiles vaporize, the rates of vaporization, and

some of the factors that influence volatility are discussed. All
results were obtained with glasses that contained simulated non-
radioactive sludges.

95




15th DOE NUCLEAR AIR CLEANING CONFERENCE

Based on previous studies at SRL, all of the mercury in SRP
waste 1is expected to volatilize during vitrification. A process was
developed to remove trace quantities of mercury from gaseous streams
by adsorption onto a bed of silver-exchanged zeollite. This process
is discussed in the second part of this paper.

IT. Experimental Procedure

Sodium, Lithium, Boron, and Cesium Compounds

The apparatus used to measure the volatility of Na, Li, B, and
Cs 1s shown schematically in Figure 1. The crucible, collection
tube, 1id assembly, and hypodermic tubing were all fabricated from
platinum. The transfer line from the collection tube to the scrubber
was made of stalinless steel, and the scrubber was made of glass.
Volatility was determined by mixing the required proportions of glass
frit/simulated sludge in the platinum crucible, which was then placed
in the furnace. Normal melting conditions consisted of holding a 2-g
sample at 1150°C for three hours. Nitrogen gas (750 mL/min) was
introduced through the hypodermic tubing and across the melt. A
vacuum was applied to the scrubber to insure that all volatilized
species were removed from the crucible.

N2, Air or Argon

'

-

.~ Hypodermic Tubing

1] Coliection To Vacuum

Tube ™ T
— Filter 4:‘:\
o *

T ? Crucible

FIGURE 1
VOLATILITY APPARATUS
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Compounds of Li, B, Na, and Cs condensed at the top of the
collection tube, on the hypodermic tubing, in the transfer lines, and
on the surface of the filter. Less than 1% of the semivolatiles pen-
etrated through the filter; these were collected in the scrubber.

The condensed gases were washed from the various parts of the
apparatus and analyzed for Li, B, Na, and Cs by atomic absorption
spectrophotometry (AA). A solution of 0.1M HNOj; was used both for
washing out the apparatus and as a scrubber solution.

Ruthenium Compounds

The apparatus and procedure described above were used to meas-
ure ruthenium volatility, except that a 6-g sample size was used and
the in-line filter was removed. To minimize plating-out of ruthenium
on the walls of the platinum collection tube, the inside of the tube
was polished just prior to running each sample. This procedure pre-
vented buildup of ruthenium in the transfer line. The collection
tube wag washed out after each sample was run, and residual ruthenlium
was removed from the walls. The washings containing the residual
ruthenium were combined with the scrubber solution prior to analysis.
This technique did not distinguish between particulate and volatile
ruthenium, nor did it measure the extent to which ruthenium plates
out .

The ruthenium was analyzed by a modif%cation of the spectropho-
tometric technique developed by Xf\loodhead.(1 This technique measures
the absorbance at the isosbestic point (415 nm) of a RuOy 2=/Ru0s—
mixture. Ruthenium was converted to the mixture by the action of
K,8,0¢ in the presence of boiling KOH. The method detected

ruthenium concentrations as low as 0.3 ppm in 100 mL of solution,
which covered the range of ruthenlum concentrations in the scrubber
solutions.

ITI. Glass Compositions

Table I lists the two borosllicate glass—forming frits used in
these studies. The high Fe, high Al, and average simulated calcined

Table I. Frit compositions.

Concentration, wt %
Component Frit 21 Frit 18

Si02 52.5 52.5
Na,0 18.5 22.2
B203 10.0 10.0
Ti02 10.0 10.0
Ca0 5.0 5.0
Li.0 4.0 -
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sludges were prepared by mixing quantities of the dried metal oxides
in the proportions required to give the compositions shown in

Table JI.  The compositions are based on actual analyses of SRP waste
sludge(2:3) ang represent sludges from waste tanks with typically
high Fe concentrations, Al concentrations, and an overall average for
all tanks sampled.

Table II. Composition of simulated calcined sludges.

Metal Oxide in Sludge, wt %

Metal Oxide High Fe High Al Average
Fe,0,4 61.4 6.0 43.5
A1,0; 5.6 86.3 25.8
MnO, 4.1 4.9 1.7
U30s 14.2 1.5 11.0
Ca0 4.2 0.4 3.0
NiO 10.5 0.9 5.0

The cesium content of SRP waste glass was calculated to be 0.06
wt % (as Cs20). Because this small amount of material could not be
added 1n solid form to the 2-g samples, cesium was added by either
adsorption of the cesium onto zeolite or by adding aliquots of a
cesium carbonate solution to the glass-forming mixture. 1In cases
where ceslum was added from solution, the sample was dried to remove
excess water before placing the loaded crucible into the furnace.
Pre-drying prevented entrainment of particulates in the steam that
would result from placing the wet mixture in the furnace heated to
1150°cC.

Ruthenium was incorporated into the glass-forming mixture by
adding the volume of a 3 g/L solution of Ru(NO)(NO;)s; required to
give 0.05 or 0.15 wt % Ru in the final glass. The Ru(NO)(NO;)s; solu-
tion was prepared by dissolving Ru(NO)(OH)s; in 4M HNO;. After addi-
tion of the Ru(NO)(NOs3)s; solution, the glass-forming mixture was
dried at 115°C to drive off excess water to prevent entrainment of
ruthenium.

IV. Specific Element Volatility

Sodilum, Boron, and Lithium Volatilities

Volatilities of Na, Li, and B are discussed together because
these species vaporized from the melt as alkali borates. The
thermally stable compound sodium metaborate (Na,0°B,03) accounted for
v90% of the semivolatiles that vaporized. Trace gquantities of LiBO,,
LiNaBO., NaBO;, and B,03; were also detected in the vapor above the
melt by Knudsen cell - mass spectrometer measurements. TIn the con-
densed phase, the species that volatilized were determined from the
molar ratios of Na/B and (Li + Na)/B in the condensate. A ratio of
one_would indicate the metaborate, a ratio of two would indicate the
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diborate, and a mixture of the two compounds would be indicated by a
ratio between one and two. The ratio of Na/B should be less than one
when the melt contains lithium, because only part of the boron 1is
associated with sodium; the remaining boron forms a lithlum borate.
The ratio of (L1 + Na)/B would equal one, however, if Li»,0+B,03; and
Na»0+B,0; are the compounds that volatilize. A melt that contains

sodium (but no lithium) should give a Na/B ratio of 1 if Na,0+B20s;

is the vaporizing species. When Frit 21, which contained both

sodium and lithium, was used to prepare glasses (Table IITI), the

molar ratio of Na/B was 0.89, and that of (Na + Li)/B was 1.02. Off-
gasses from glasses prepared from Frit 18, a frit that contains no
lithium, gave a Na/B ratio of 1.05 (Table IV). These three ratios are

Table III. Volatility of Na, Li and B from Frit 21 glass melts.

Nao0 in Glass, Volatility, mg/cm? Molar Ratios
Code mole % Na,0 Li,0 B,0s Na,0/B,0; (Na,0 + Li,0)/8B,0;

21-Avg-25 0.4 0.04 0.4 1 1.0
-35 0.4 0.05 0.5 1 1.1

-45 13.6 0.9 0.14 1.2 0.84 0.97
21-Fe-25 17.1 1.4 0.20 1.5 0.99 1.1

-35 15.7 1.4 0.20 2.0 0.82 0.93

-45 14.2 Q.7 0.13 1.0 0.83 0.98

21-A1-25 16.1 1.3 0.16 2.0 0.74 0.84
-35 14!5 0.7 0.13 1.0 0.84 1.0
-45 12.6 0.5 0.08 0.5 1 1.2

Avg 5755 ?TEE

Table IV. Volatility of Na and B from Frit 18 glass melts.

Na»0 in glass, Volatility, ma/cm® Molar Ratio,
Code mole % Na,0 B,0; Na,0/B,0;
18-Avg-25 21.2 2.6 3.0 0.97
-35 19.4 1.9 1.9 1.1
-45 17.1 1.5 1.6 1.1
18-Fe-25 21.6 1.8 1.9 1.1
-35 19.9 2.2 2.3 1.1
-45 17.7 1.0 1.4 0.86
18-A1-25 20.4 0.7 0.7 1.1
-35 18.2 1.5 1.9 0.93
-45 15.8 1.2 1.2 1.2
Avg 1.05
Frit 18 22.7 4.0 4.5
Frit 21 17.8 1.7
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consistent with a mechanism of alkali and b?r n volatilization as the
compounds Na,0+*B,03 and Li;0¢B,03. Solomin'*) and Walmsley,(5 in
thelr work on borosilicate glass volatility, also concluded that
alkalis volatilize from borosilicate melts as thermally stable alkali
borates.

The quantity of Na,0-B,03 evolved increased exponentially when
the mole % of sodium in the glass melt was increased (Figure 2).
Measurements were made over a range of 12 to 23 mole % Na,0 in the
glass. Volatility varied from 1.5 mg/cm? (at 12 mole % Na,0) to
8.5 mg/cm? (at 23 mole % Na,O0). The linear relationship between the
logarithm of weight loss and Na,0 content of the melt is similar to
that obtained by Kolykov(e) when he studied the system Na,0-B,03-Si0,.
Barlow(7?) also concluded that sodium volatilizes from a borosilicate
glass melt as either sodium metaborate or sodium diborate, and that
volatility increases as the logarithm of sodium concentration.
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FIGURE 2
EFFECT OF Na,0 CONCENTRATION ON Na,0-B,0; VOLATILITY

Lithium metaborate volatility was about 1/10 that of sodium
borate. Changes in melt composition or in melting conditions had no
appreclable effect on lithium volatility.

The type sludge, the type frit, and the concentration of other
glass components affected volatility only to the extent that changes
in these variables affected changes in the mole % of Na,0 in the
glass melt.

Cesium

Cesium, which volatilized from the melt as either elemental
cesium or as some oxide of cesium, is the most volatile of the three
alkall metals studied. An average of 0.11 mg/cm? of cesium (as Cs,0)
volatilized from samples that contained a range of 0.03 to 0.09 wt %
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cesium. Because previous workers(®) have reported that addition of
TiO,, B203, or MoO3 to glass melts reduces cesium volatility, one
part of the current work compared cesium volatilization from glass
melts prepared from frits that contained 0, 5, and 10 wt % of TiO,.
Also, a comparison between cesium volatility from melts which con-
tained cesium as a cesium-loaded zeolite and as a cesium carbonate
solution was made.

Tables IV through VII summarize the effect on cesium volatility
of the wt % Ti0, added, the form of cesium addition, and the concen-
tration of cesium in the melt. The high volatilities in these tests
reflect the high surface-area-to-weight ratios for the small samples
used and should not be interpreted as a direct measure of the amount
of cesium expected to volatilize from a full-scale melter. If these
levels of volatility are scaled up to a 2.2 ton/day melter, they

Table V. Effect of addition of Ti0, on cesium volatility.

Cesium Cs,0 in Glass, Ti0, in Frit, Volatility,
Added as wt % wt % mg/cm?
Zeolite 0.03 0 0.08
Zeolite 0.03 10 0.06
Carbonate 0.03 0 0.08
Carbonate 0.03 10 0.06

Table VI. Effect of form of addition on cesium volatility.

Cesium Cs,0 in Glass, Ti0, in Frit, Volatility,
Added as wt % wt % mg/cm?
Zeolite 0.03 0 0.08
Carbonate 0.03 0 0.08
Zeolite 0.03 10 0.06
Carbonate 0.03 10 0.06
Zeolite 0.09 10 0.10
Carbonate 0.09 10 0.15

Table VII. Effect of Cs,0 concentration on cesium volatility.

Cs,0 in Glass, wt % Ti0, in Frit, wt % Volatility, mg/cm?

0.03 0 0.08
0.03 10 0.06
0.06 5 0.1
0.06 5 0.13
0.09 0 0.21
0.09 10 0.15
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represent volatilization of 0.05% of the cesium in the melter
charge. Battelle Northwest Laboratories (BNWL), by comparison,
measured ~0.3% volatility when they vitrified simulated light-water-
reactor (LWR) waste that contained 0.2 wt % of Cs,0.(%) A melting
temperature of 1050°C for 6 hours was used in the BNWL study.

The slight suppression of cesium volatility by titanium dioxide
can be seen by comparing samples in Table V. The volatility is
decreased so slightly that it would not significantly reduce problems
of cesium vaporization during glass melting. The failure of titanium
dioxide to significantly reduce cesium volatilization can be ex-
plained by the work of Rastogi, et al.,(!%s5!1) yho found that re-
ductions in cesium volatility were obtained only at temperatures
below 1000°C and for vitrification times <1 hour. They found, for
example, that the compound Cs,0-4Ti0, does not volatilize at L00°C,
but that 31% of ,this compound volatilizes at 1200°C. Other work by
Rudolph, et al.(®) and by Kupfer and Schulz(!2 report that titanium
dioxide effectively suppresses cesium volatilization, but in the
1000 to 1050°C temperature range. Another probable cause of the
failure of titanium dioxide suppress cesium volatility significantly
is the large amounts of boric oxide presint in the melt compositions
used for SRP glasses. Rudolph, et al.(®) found that boric oxide,
though not as effective as titanium dioxide, does reduce the
volatility of cesium. The effect of titanium dioxide, then, is
probably reduced when the melt contains boric oxide as a constituent.

Incorporation of cesium into the glass as cesium-loaded zeolite
(0.02 g Cs/g zeolite), rather than as a cesium carbonate solution,
did not increase cesium volatility from the glass melt. The insensi-
tivity of cesium volatility to the form of cesium addition is shown in
Table VI. Kelley, in his work on radionuclide vaporization from SRP
waste,(la) also found that volatility of cesium was unchanged when
ceslum-loaded zeolite was substituted for direct addition of cesium
carbonate.

Total cesium volatility increased when the total amount of
cesium in the melt was increased (Table VII). The increase in
volatility was proportional to the increased cesium concentration,
suggesting that cesium vaporizes by diffusion from the melt surface.

The Knudsen cell studies conducted as a part of the experiments
in this report did detect elemental cesium above the melt at a
temperature of 1200°C. No cesium borates were detected.

Ruthenium

The high alumina, high iron, and composite sludges (Table II)
along with Frit 21 were used to study ruthenium volatility. The two
gases used to blanket the melt, air and argon, showed the effect of
the oxygen on ruthenium volatilization. Each sludge-atmosphere com-
bination was run in duplicate, and the result was interpreted by the
analysis of variance method. For these experiments, nitrate-free
simulated sludge was used. Neither the composition of the sludge nor
the atmosphere over the melt affected the volatilization of ruthenium.
Table VIII shows the per cent of ruthenium volatilized for the various
combinations of sludges and atmospheres above the melt. The failure

102




15th DOE NUCLEAR AIR CLEANING CONFERENCE

Table VIII. Effect of sludge type and atmosphere
over melt on ruthenium volatility.

Sludge Type Cover Gas Ru Volatilized, %
High Al Argon 5.5
Air 6.3
High Fe Argon 2.8
Air 7.4
Composite Argon 7.5
Air 5.3

of oxygen to increase ruthenium volatility, indicates that volatil-
ization of ruthenium depends on the bulk rather than surface con-
ditions of the melt. This result also indicates that atmospheric
oxygen is not the ?nl oxidant for ruthenium. This is consistent
with previous work(!3%) that identified manganese dioxide as one
component of SRP sludges that oxidizes ruthenium. All three sludges
contained an excess of manganese dioxide relative to the ruthenium
content.

The effect of nitrate concentration on ruthenium volatility
depended on the level of ruthenium in the melt. Figure 3 summarizes

ZOL

o
!

Ru Volatilized, %

| ] |
0.05 0.10 0.15

Ru Concentration, wt%

FIGURE 3
EFFECT OF SODIUM NITRATE CONCENTRATION ON RUTHENIUM
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the volatility dependence on the level of ruthenium and the concen-
tration of nitrate in the waste. Neither increasing the nitrate con-
centration at a low ruthenium concentration nor increasing the ru-
thenium concentration in nitrate-free melts caused increased ru-
thenium volatilization. However, a sharp increase in volatility was
obtained when both the nitrate and ruthenium contents were increased.
The nature of the nitrate/ruthenium concentration interaction has not
been defined. These results do show, however, that acceptable
nitrate levels for SRP waste sludges may depend on the amount of ru-
thenium present in composite (blended) SRP sludge.

V. Solid Sorbents for Mercury Vapor

It 1s estimated that 2.3 lbs/hr of mercury will be vaporized
from the calciner/melter during vitrification of SRP waste. The
calciner/melter off-gas system will include a quench column and a
condenser that is cooled to 5°C to reduce the mercury vapor concen-
tration to A3 x 10°° g/em®. Laboratory data show that the final
traces of mercury can be removed by adsorption onto silver-exchanged
zeolite. A bed of Agt exchanged zeolite lrreversibly chemisorbed
0.190 g Hg/g of bed at an adsorption efficiency of >99.9%.% Over the
temperature range of 20 to 400°C, the efficiency of the silver zeolite
bed remained >99.9%; at 500°C, efficiency dropped to 929%.

Preparation of Zeolite and Analytical Method

The Na, Ag*, Ag”, Pb?* and the CuS forms of zeolite were avail-
able from previous studies. (**) The Cu?* zeolite was prepared by ex-
changing Cu?* from a saturated cupric acetate solution with Linde
Type 13X® molecular sieve for 10 days at 80°C. After exchange, the
Cu?* zeolite was thoroughly washed to remove any residual cupric
acetate solution and then dried.

Mercury vapor concentrations were measured with a mercury
analyzer previously used in a study of the dispersion of buried
elemental mercury.('%) The analyzer is shown schematically in Fig. 14
and is more fully described in Reference 15. 1In these experiments,
the accessory mercury vapor source 1s replaced by the adsorption bed
being tested. A septum, through which known amounts of air saturated
with mercury vapor can be injected, 1is placed just upstream from the
bed.

Capacities of adsorption beds were measured by passing mercury
vapor through the bed at a face velocity of 3 m/min and measuring
the weight of the bed until no further weight gain was recorded.
After constant welght was attained, argon was passed through the bed
and the weight loss recorded. The weight lost to the argon stream
was assumed to be physically adsorbed mercury, while the remaining
welight gain by the bed was assumed to be chemisorbed mercury. During
desorption of physisorbed mercury, the bed was placed in line with
the specific mercury analyzer, and the evolution of mercury was
measured.

¥ Efficiency is defined as the % of mercury in the vapor stream that
is trapped by the adsorbent bed.
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FIGURE 4
SCHEMATIC DIAGRAM OF MERCURY ANALYZER

Screening Tests

The adsorption efficiency of the beds was first measured at
room temperature (~n20°C). The results in Table IX show that only
Ag*, Ag®, and CuS exchanged beds have a high adsorption efficiency
for mercury. Table IX also shows that apparent residence times¥* in-
fluence mercury adsorption efficiency. The importance of resldence
time is shown by comparing the efficiencies of the Ag® exchanged bed
at various residence times. The efficiency of >99.9% at 0.04 seconds
apparent residence time decreased to 80% at 0.0006 sec. In these ex-
periments, the lower detection limit for mercury was 0.1%, so that an
efficiency of at least 99.9% may be assigned for the cases where no
mercury was detected in the vapor. This assumption gilves a lower
limit of ~10% for the mercury decontamination factor for cases in
which no detectable mercury vapor was found exiting the adsorption bed.

Effect of Temperature on Efficiency

The effect of bed temperature on adsorption efficiency for Ag+,
Ag?, and CuS exchanged zeolite beds was measured over a temperature
range of 20 to 500°C (Table X). Beds were first heated to the de-
sired temperature, and then the mercury vapor was passed through the
adsorbent. Of the three beds, the Ag* form was least affected by
temperature, showing an adsorption efficiency of >99.9% up to 4ooec.
The Ag’ bed had >99.9% efficiency up to 200°C, while the CuS bed had
this level of efficeincy only up to 50°C. These results are con-
sistent with work reported by Barrer and Whiteman,(!®) who found that
sorption of mercury onto metal-exchanged zeolites was inversely pro-
portional to temperature.

¥ Apparent residence time 1s defined as the bed volume divided by
the volume flow rate of the vapor stream.
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TABLE IX. Efficiency of mercury adsorption beds.

Apparent Residence Hg Vapor
Sorbent? Time, sec Adsorbed, %
None 0.04 0
Shredded Rubber 0.04 0
Na-X 0.04 0
Pb-X 0.04 15
Cu-X 0.04 0
CuS-X 0.04 >99. 9b
Ag®-X 0.04 >99.9°
Ag*-X 0.04 >99,9P
Ag*-X 0.0002 98
Ag*-X 0.001 95
Agt-X 0.0006 80

a. X = A near-faujasite type of zeolite.

b. No mercury was detected in the gas exiting the
bed; percent adsorption taken by using minimum
detection level of 0.1%.

Table X. Effect of temperature on efficiency of mercury
adsorption beds.

Bed Temperature, Adsorption Efficiency, % Hg Adsorbed

°C CuS-X AgT-X Ag’-X

20 to 25 >99.9 >99.9 >99.9

50 >99.9 >99.9 >99.9

100 97 >99.9 >99.9

200 79 >99.9 >99.9
300 59 >99.9 92
400 39 >99.9 88

500 - 92 -

Adsorption Capacity

The capacity of a zeolite adsorption bed depends on the bed
depth, the face velocity of the gas stream entering the bed, and the
nature of the sorbent. The capacities of Ag*, Ag’ and CuS beds were
measured for a bed depth of 1.5 cm and a superficial face velocity
of A3m/min.

The only bed with an appreciable adsorption capacity was the
Ag+ exchanged zeolite which chemisorbed 0.190 g of Hg/g of bed and
physisorbed another 0.0264 g Hg/g of bed before a constant welght was
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achieved. The irreversible chemisorption of mercury is attributed to
the reaction,

oagt + He » 2ag + Heg?T.

Barrer and Whiteman(ls) studied adsorption of mercury onto several
zeolites. At low mercury concentrations, the exchange between silver
and mercury reached 63% of the value calculated for complete ex-~
change. At mercury concentrations higher than those expected to be
encountered in the calciner/melter off-gas system adsorption beds,
the reactions,

Hg®* + Hg » Hgp?*t

Ag + Hg - Ag(Hg) amalgam

and

Hg,2t + XHg - Hg%;+2)

can alsoc occur.

The adsorption capacities of Ag® and CuS exchanged zeolite beds

are quite low under the conditions of these experiments (Table XI).
No detectable weight gain was recorded for either bed. Therefore,
the smallest measurable weight gain (0.1 mg) was used to calculate
the upper limits on capacities shown in Table XI. Even though the
capacities are very low, Ag® and CuS exchanged zeolite beds
efficiently removed mercury vapor at low concentrations. However,
Ag+ zeolite beds are recommended for plant processing because less
frequent replacement is required.

Table XI. Capacities of mercury adsorbent beds.

Bed Length, Bed Weight, Mercury Adsorbed, g Hg/g Bed

Sorbent cm g Total Chemisorbed
Ag*-X 1.5 0.1525 0.2164 0.190
CuS-X 1.5 0.1495 <7 x 10" -
Ag®-X 1.5 0.1505 <7 x 107 -
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DISCUSSION

DEMPSEY: How does your program relate to the similar work underway at Pacific
Northwest Laboratory? Do you see any insurmountable obstacles in control of off-
gases from the vitrification process?

WILDS: First, the two programs have several common areas. For example,
PNL is currently conducting large scale tests with simulated SRP waste. We expect
to obtain data on sodium borate volatility and particle sizes of volatile species
from that work.

Second, the answer is no. 1 believe that with our current research
and development programs, we are well on our way to defining an adequate off-gas
clean-up system.

GIRTON: What are your Hg concentrations in the off-gas?

WILDS: The concentration of mercury will depend on the particular waste
being processed since, as I previously mentioned, the composition of SRP waste is
quite variable. However, the initial concentzation of mercury from an average
waste compositiog is expected to be & 4 x 107~ g/l. This concentration will be re-
duced to 3 x 107~ g/l prior to entering the mercury adsorber bed. The temperatures
of the off-gas stream are 300°C initially and ~ 20°C entering the adsorber.

McFEE: Have you speculated as to the mechanism of sodium metaborate vola-
tility? 1Is it simply vaporization of sodium metaborate, or is there another mech-
anism going on?

WILDS: We haven't done a lot of work trying to determine the exact mechan-
ism, but T believe it is sodium metaborate that vaporizes. We're using a premelted
frit so we're not simply putting the material in as sodium carbonate and boric acid.
The frit we put into our glasses has already been melted so, presumably, we have
sodium and boron already in a network and I think it's simply volatilizing as a com-
pound.

McFEE: Have you tried to check the vapor pressure of sodium metaborate a-
gainst your results?

WILDS: We have done a little of this in our Newton cell measurements. It's
in a very early stage of development.

McFEE: I'm aware that the orthoboric acid is nonvolatile but in the pre-
sence of water vapor becomes volatile. Are you seeing the same effect?

109




15th DOE NUCLEAR AIR CLEANING CONFERENCE

WILDS: I really don't know. The only indication we've had is when we had
a melt with boric acid present, or some sodium tetraborate present, we would get
volatilization as boric acid and not as the sodium metaborate. We have tested that.
I think I should be very careful in stating that when we get sodium metaborate, we
get it from the premelted fret. When we use batch chemicals, we do not get sodium
metaborate. We do get crystals of boric acid and, presumably, some boric oxide
coming off as well. We have made limited measurements of sodium metaborate vapor
pressures. These studies indicate that the mechanism of sodium borate volatility is
simple vaporization. References 4, 6, and 7 of this paper confirm that sodium

metaborate vaporizes without decomposition up to temperatures of 1400°C.
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DISPOSAL OF HEPA FILTERS
BY FLUIDIZED BED INCINERATION

Donald L. Ziegler and Andrew J. Johnson
Rockwell International
Atomics International Division
Rocky Flats Plant
Golden, Colorado

Introduction

High efficiency particulate air filters (HEPA) are used in virtually all
nuclear facilities, the majority in main production building exhaust plenums and
others on smaller unit operations. These filters must be periodically changed,
due to radioactive contamination or flow restriction by trapped particulates.
Used, and/or radioactively contaminated HEPA filters constitute a high volume,
Tow density waste stream that must be disposed of by a safe and efficient method.
Presented in Table I, are approximations of the HEPA filter usage in some of the
nuclear facilities which gives some idea of the magnitude of this waste stream.

Table I. HEPA Filter Use At DOE Facilities
Calender Year 1977 Partial Listing

Filter Size

Plenums Unit Operation
Facility 2 ft x 2 ft x 1 ft Other Smaller Size

Hanford 500 -
Livermore 200 -
Lovelace 250 -
LASL 500 1500
Mound 100 350
Oak Ridge 150 525
Sandia 85 15
Savannah River - 325
Rocky Flats 2600 1300

Total 4385 4015

One factor that must be considered in the development of a method for HEPA
filter disposal is the waste acceptance criteria now being established for the
waste isolation repository. It is highly unlikely that unit HEPA filters will be
acceptable under proposed criteria on flammability, gas generation, and
leachability.

Discussion
The HEPA filter, packaged as a unprocessed unit, occupies a comparative

large volume, estimated at about 85% empty volume. The general composition of a
HEPA filter, given in Table II, illustrates this point.

111




15th DOE NUCLEAR AIR CLEANING CONFERENCE

Table II. HEPA Filter Composition
Size: 2 ft x 2 ft x 1 ft

Component Weight (1bs.) Volume (ft3) Density (]bs./ft3)
Frame 25.1 0.5 50.1
Media 16.1 3.5 4.6

Unit Filter 41.2 4.0 10.3

Frame: 3/4 inches plywood or particle board - phenolic resin bonded.
Media: Fiberglass and fiberous asbestos with corrugated asbestos paper
separators.

Present methods of HEPA filter disposal vary according to the level of
contained radioactivity. The large 24 inch by 24 inch by 12 inch filters from
building exhaust plenums usually fall into the low level TRU Waste category. A
simple arbor press is used to break the filter into an elongated diamond configu-
ration, the pressed filter is wrapped with a wire tie, and plastic bagged before
packing in a crate for shipment. The compression allows only a few more filters
to be packed per crate. Filters containing significant levels of radionuclides
are generally the smaller size used on unit operations and gloveboxes. The
present disposal method used at Rocky Flats is to cut the media out of the frame
with a reciprocating saw, send the media to reprocessing, and incinerate the
frame. A method being developed is to punch the media from the frame with a
hydraulically operated ram and an extruding die. This process will provide a
separation of the frame from the media and result in a significant volume reduc-
tion of the media.

The applicability of these disposal methods for future use must be accessed
in light of the proposed criteria for the permanent waste storage repository. A
study on the content of filters that had been in use for direct filtration of unit
operations indicated the presence of absorbed H,0, HF, and HNO,. 1) These com-
ponents could also react with particulate matter trapped in thé media. It is
evident that outgassing, or gas generation from HEPA filters is a distinct possi-
bility. Another matter of concern is leachability. The same study also included
the measurement of weight lToss due to water leaching. In addition to the con-
situents leached, the leach solution was found to be acidic. This could cause
problems when contacting other stored materials.

Incineration Process

The incineration of the entire filter would offer advantages over other
present methods of disposal. It would be a one step operation, material trapped
in the media would be destroyed, and the residue would be in an ideal form for
further reprocessing. The fluidized bed incinerator used for test burns of HEPA
filters is shown in Figure 1. The small nails used in the filter frame cause no
problem either to the shredder or the screw, which feeds into the incinerator.
Shredding of used filters does generate some dusting, but the low speed cutters
hold this to a minimum. As the dust is about 95% non-combustible asbestos and
glass fibers, no dust explosive hazard is presented.

As mentioned earlier, only the wooden frame comprising about 61% of the
filter weight is combustible. This results in a large amount of residue, or ash,
from the incineration. Reduction, by incineration, was approximately 4.4 to 1 in
volume and 2 to 1 by weight. The residue, collected from the cyclone separators
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and sintered metal filters, is a fine powdery material. Without further treatment
this material may be unacceptable for storage in the waste repository. Proposed
criteria does not allow material present as respirable fines.

Immobilization of HEPA Filter Ash

Various methods of waste immobilization have been tested at the Rocky Flats
Plant over the past few years. For our use, and because it appears to best meet
repository acceptance criteria, vitrification was selected as the most promising
immobilization method. The composition of HEPA filter media, shown in Table III,
appears to be an ideal feed for a vitrification process. Two vitrification
alternatives were tested, 1) punching out the media, feeding it into the vitrifi-
cation process, and incinerating the frame, and 2) incinerating the entire filter
and vitrifying the incinerator residue.

Table III. Composition of
HEPA Filter Media

Weight Percent

Fiber Glass Crocidolile Crysolite
Component Filler Filler Separators
Si0, 60 51.1 46.7
Mg0 13 2.3 50.7
A1,0 21 - 0.2
Cab > 6 _ )
FeO - 35.8 0.8
Na»0 - 6.9 -
HZS - 3.9 -
Fe 03 - - 1.6
Weigﬁt Represented 23.5 1.5 75

The first alternative was tried in a series of crucible tests. Heating
HEPA filter media at 1100°C, with no fluxing aids added, did not produce a glass.
By the addition of 20% boric oxide and 10% sodium oxide, a giass with a workable
viscosity range could be obtained only after holding the melt at 1150°C for one
hour. In all the tests, the media was first pulverized using a laboratory ball
mill; unground media was impossible to vitrify under any of the test conditions.
The necessity of the ball milling step, and the 1150°C operating temperature,
diminished the desirability -of reacting HEPA filter media separately.

Incineration of HEPA filters can be handled by "campaigning" the filters or
by incinerating them with a mix of general solid waste. The first batch of
filters incinerated were "campaigned", producing a residue from filters alone.
This ash was used for another series of crucible vitrification tests. The
present Rocky Flats bench scale vitrification system uses an Inconel 690 reactor
vessel, and it is desirable to hold the process temperature around the 1050°C
operating level. For this reason, these crucible tests were limited to a 1050°C
maximum temperature.

The initial test was made with 20% boric oxide and 10% sodium oxide added to
the filter residue as fluxing aids. This mixture, at 1050°C, would not produce
a pourable melt. However, mixtures of 50% HEPA filter ash with 50% general solid
waste ash was found to produce a good viscosity range glass at 1050°C when 20%
boric oxide and 10% sodium oxide was added. The incineration of mixtures of HEPA
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filters and general waste appears to offer a residue amenable to vitrification
in the Rocky Flats Plant vitrification process.

A major advantage of vitrification is the volume reduction obtained by
immobilizing waste in a glass matrix. The residue from incineration of solid
waste has about the same density as HEPA filter residue, roughly 0.5 on the
average. By the addition of 20% boric oxide and 10% sodium oxide, glass with a
density of 2.5 can be produced. The volume of additives will be about 30% of
this, leaving a volume reduction factor of 3.75 for going from ash into a
glass waste form.

Conclusions

1. Present methods of handling HEPA filters produces a waste probably
unacceptable at a permanent repository.

2. HEPA filters can be successfully incinerated using a fluidized bed
incinerator.

3. Separation of the frame from the media and incinerating only the frame
is an unnecessary operation.

4. The residue from incineration of HEPA filters can be processed into a
glass acceptable under proposed repository criteria.

Reference

1. R. W. Woodard, K. J. Grossaint, and T. L. McFeeters, "Exhaust
Filtration on Gloveboxes Used for Aqueous Processing of Plutonium", Proceedings
of the Fourteenth ERDA Air Cleaning Conference, Sun Valley, Idaho, 1976, USERDA
Report CONF-760822 (1977). {Reviewed as RFP-2495)

DISCUSSION

MURROW: Most of the nuclear power plant regulatory guides require a metal
frame. Can you separate the frames from the media and do something with the two
components separately?

JOHNSON: At our plant, we have worked on a combination punch and compressor
to merely punch the medium out of the frame. So, if you have to use a metal frame,
you could go that route. Thenyou'd have the metal left over as contaminated ma-
terial that you might be able to decontaminate by electropolishing or other methods.
In our plant we use all wooden frames.

CHOT: Do you see any advantage in using fluidized bed incinerators for the
HEPA filter?

JOHNSON:: For HEPA filters alone, maybe not. But since we have one operating
and we use it for all types of waste, we generally just combine the filter waste
with the rest of the waste.
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CHOQI: So there's no real advantage or disadvantage in using other types of
incinerators for the HEPA filter.

JOHNSON: Probably not. Although, our residue comes out ag extremely fine
particles that are ideal for mixing with the flux to make a glass.

CHOI: The point that you made at the end of the session was that industry
really needs a type of HEPA filter that can be processed and, indeed, we find that
this is the best solution for Ontario Hydro. We have to change over 1,000 HEPA
filters a year at just two stations and we will have more stations in the future.
At 330 per cubic foot, that's a lot of money. That's why Ontario Hydro is seeking
types of filters that are processable. In other words, we will try to avoid metal
parts as much as possible in the HEPA filter.

BURCHSTED: That was one of the points T was also going to make. People here
are probably using metal frame filters instead of wood and that presents a different
situation when considering incineration. The other point is that most of the people
here are using either aluminum separators or a separatorless construction so this
magnesium oxide you talked about probably would not be a problem for most other or-
ganizations. I think you're the biggest user of asbestos separators today.

JOHNSON: Yes, we are by far. We used over half of those I mentioned.

BURCHSTED: Yes, the absence of asbestos separators does simplify the problem
for other people considerably.

JOHNSON: Yes, it does. Thin aluminum would give us no problem in our shred-
ding operations or in wvitrification.

DEMPSEY: Does the small size of the particles inherent in the glass making
process pose any special problems?

JOHNSON: Right now we are working on our vitrification unit. We are using

a modified moving bed filter. Yes, it is a problem. The effluent from glass making
pots does produce offgases that are very difficult to handle. And we do get vapo-
rized sodium chloride as one of our main compounds. Off-gas filtration has been a

problem in all vitrification processes.
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VOLUME REDUCTION OF LOW-LEVEL, COMBUSTIBLE, TRANSURANIC WASTE
AT MOUND FACILITY

W. H. Bond, J. W. Doty, J. W. Koenst, Jr., and D. F. Luthy
Mound Facility*
Miamisburg, Ohio 45342

Abstract

Low-level combustible waste (<100 nCi per g of waste) generated
during plutonium-238 processing is collected and stored in 55-gallon
(200-1iter) drums. The composition of this waste is approximately
32 wt % paper, 46% plastic, 167 rubber and cloth, and 6% metal.
Treatment of this waste is initiated by burning in the Mound Cyclone
Incinerator, which consists of a burning chamber, deluge tank,
venturi scrubber and blower.

During the two years of operating the Cyclone Incinerator, ex-
periments have been performed on particle distribution throughout
the system using various mixtures of feed material. Measurements
were taken at the incinerator outlet, after the spray tank, and after
the venturi scrubber. An average emission of 0.23 g of particles per
kg of feed at the venturi outlet was determined.

The distribution of chlorine from the combustion of polyvinyl
chloride was studied. Analyses of the off-gas and scrubber solution
show that approximately 87 wt % of the chlorine was captured by the
scrubber solution and approximately 0.6 wt % remained in the off gas
after the venturi scrubber. Measurements of the amount of NO
present in the off-gas were also made during the chloride stuéies.
An average of approximately 200 ppm NOX was produced during each
incineration run.

Immobilization of the incinerator ash is being studied with
regard to long-term behavior of the product. The immobilization
matrix which looks most promising is ash mixed with Portland 1A
cement in a 65/35 wt % ash-to-cement ratio. This matrix exhibits
good mechanical properties while maintaining a maximum volume
reduction.

Cyclone Incineration

The Mound Cyclone Incinerator project, funded by the Division
of Waste Management of the U. S. Department of Energy, has as its
goal the development of processes that will reduce combustible, low-
level radioactively contaminated waste to a compact, inert material
suitable for long-term storage or burial. At present, combustible
waste, contaminated to <100 nCi of plutonium-238 per gram of waste,

*¥Mound Facility is operated by Monsanto Research Corporation for the
U. S. Department of Energy under Contract No. EY-76-C-04-0053.
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is being incinerated on a routine basis. To date, a quantity of con-
taminated waste in excess of 5,000 kg has been incinerated. This
waste was generated in the course of plutonium processing at Mound.
The ash resulting from incineration receives further treatment to
achieve immobilization during long-term storage.

Details of the Cyclone Incinerator are shown in Figure 1. The
Cyclone Incinerator normally uses a 55-gallon (200-liter) drum as the
burning chamber. The advantages of using the drum in which the waste
has been shipped or stored are that 1) radioactive waste handling is
reduced to removing the 1id from the drum; and that 2) the drum, which
is subjected to destructive thermal shock during combustion, is expend-
able, providing an inexpensive, easily replaceable burning chamber.

Previously, combustion air was introduced to the primary burning
chamber through a single adjustable inlet (see Figure 2). Vertical
movement of the inlet was provided to follow the burning interface as
it progressed down the drum. Movement about the vertical axis was
made possible to experimentally determine the optimum angle of air in-
troduction. This angle is vital to the creation of the cyclone effect
-- the heart of the cyclone incinerator. The cyclone effect produces a
spiraling airflow down the inside burning chamber surface which cools
the metal while preheating the air. When the airstream reaches the
fuel surface, it not only supplies oxygen for combustion, but also
agitates the top layers of fuel, resulting in a thorough mixing of
oxygen and fuel in the combustion zone. The air sweeps across the fuel
surface to the center of the chamber and rises to exit through the cen-
trally located exhaust at the top of the chamber. The products of ini-
tial combustion, which include particles of unburned fuel and combus-
tible gases (see Tables I and II), are retained in a high-temperature
environment by the cyclone effect in the primary burning chamber. Com-
bustion is continued in a secondary burning chamber which incorporates
a baffle to prolong particle retention time in the hot zone.

Table I Characteristics of the off-gas stream.

mg/m?®
Combustion Chamber Outlet 504.9
Deluge Tank Outlet 236.6
Venturi Scrubber Outlet 18.4
Primary HEPA Filter Outlet Nil
°C
Temperature, Average at Outlet 1090
Temperature, Maximum at Outlet 1320

More recently, an experimental lid assembly has replaced the upper

burn chamber. The air inlets are placed 90° apart around the cylinder
to provide a smoother air flow and are directed toward the side of the
cylinder both to cool the metal and to initiate the swirling action
that was previously found to be so important to burning in a drum.
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Figure 2 —Adjustable air inlet.
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Table II Analysis of cyclone incinerator off-gas.

Component Treated 0ff-Gas
Carbon Dioxide 9.0 wt %
Oxides of Nitrogen 10-600 ppm
Oxygen 13.5 wt %
Sulfur Dioxide Not Detectable

The 1id was installed to improve combustion characteristics such
as burning rate, amount of combustible material in the ash, and par-
ticle carry-over to the off-gas system. Experiments conducted with
the new lid assembly show improvements in the burning rate and in the
amount of combustible material in the ash. Particle carry-over meas-
urements are inconclusive so far.

Treatment of the incinerator off-gas begins with a deluge tank
which cools the off-gas, neutralizes the acid agases, and removes a
high percentage of the particles entrained in the off-gas. Further
particle removal is accomplished by a high-energy venturi scrubber.
The liquid used in the deluge tank and venturi scrubber is a sodium
carbonate or sodium hydroxide solution which is recirculated through
a heat exchanger for cooling and a vertical leaf filter for suspended
solids removal.

The exhaust gas, cooled to about 65°C, passes through a HEPA
filter before being discharged by a blower to the building exhaust.
The blowers provide the airflow for the combined incinerator/off-gas
system and maintain the system at a negative pressure relative to the
room, thus simplifying contamination control and operational safety.

Volume and Weight Reduction

One of the ultimate goals of waste reduction is to achieve a
maximum volume reduction, although the performance of waste reduction
processes cannot be accurately measured by using volume reduction
alone. Waste densities vary considerably and directly affect reduc-
tion measurements. Not only does tightly packed waste contain less
volume than the same amount of loosely packed waste, it also requires
longer combustion times. Therefore, both weight and volume reduction
measurements are necessary to fully evaluate the performance of a
waste reduction system. To determine the volume/weight reduction of
the Cyclone Incinerator a series of 45 drums of waste was incinerated.
The results are summarized in Table III.

The "incinerator ash' includes the remains in the combustion chamber
but excludes metals present in the feed material. The ''solids in the
scrubber solution' consist of fly ash and precipitated salts formed
during neutralization; they are collected in the vertical leaf filter.
The sodium carbonate scrubber solution is controlled to a pH of approx-
imately 9 by the addition of fresh carbonate solution. When the dis-
solved solids (NaCl, Na,SO., and NaHCO;) reach a maximum of 210 g per
liter (solubility limitation), the scrubber solution is replenished.
The "solid from waste treatment' is sludge generated during the chem-
ical treatment that removes radionuclides from the spent scrubber so-
lution. This treated scrubber solution is combined with other waste
streams, and discharged to the environment.
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Table III Volume/weight reduction for the cyclone incinerator.

Input Material Output
Wt (kg) Vol(m®) Wt(kg) Vol(m?)
1574 9.172 Incinerator Ash 86.9 0.153
Solids in Scrubber
Solution 76.6 0.086
Solid from Waste
Treatment 3.3 0.004
Total 166.8 0.243
% Reduction 89 .4 97 .4

Using feed material containing approximately 18 wt % chloride and 2
wt % sulfur, the spent scrubber solution has been found to contain
14.9 wt % NaCl, 4.3 wt % Na,S0, and 1.4 wt % NaHCO;. Considering
these primary and secondary waste streams, a total of 1574 kg of
waste was reduced to 166.8 kg, giving a reduction factor of 9.4 to 1.
The volume reduction accomplished was 97.5% (volume reduction factor
of 37.8 to 1).

Mode of Operation

The cyclone system can be operated in a batch or continuous
mode using solid or liquid feed. The batch method is ideally suited
for wastes from storage or those requiring transportation, because it
allows in-situ burning in the original drums. This is the normal
mode of operation for waste currently being processed at Mound.

Continuous feeding is preferred when sufficient amounts of
waste are generated in one place and packaging in drums would be a
needless operation. Advantages of continuous feeding are that 1)
total pollutants per quantity of feed burned are fewer, because most
pollutants come from the cyclone incinerator during startup and shut-
down and that 2) the metals in the incinerator will last longer be-
cause of fewer thermal cycles. The disadvantage of continuous feed-
ing is increased capital and operating costs for an additional step,
since the feed must be sorted and shredded in order to be fed to the
incinerator.

The first attempt at continuously feeding the Cyclone Incinera-
tor was made by dropping shredded feed into an air inlet line with a
rotary valve fed from a bin. Jamming of the rotary valve was the
major fault of the system. The second attempt will be with a screw
feeder and a revised bin. Feed rates up to 50 kg/hr were achieved
with the rotary valve system.

Experiments have shown that the cyclone system can also reduce

volumes of combustible liquids. For example kerosene, kerosene/
tributyl phosphate and vacuum pump oils have been burned.
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For burning combustible liquids, a commercial oil burner, de-
signed to burn all types of fuel oils, was chosen as the primary com-
bustion unit. The steel drum combustion chamber was modified some-
what with the addition of a castable refractory liner and the instal-
lation of the oil burner at the base of the drum. Interchanging the
burn chambers is a practical way of providing multiple fuel burning
capabilities with minimum effort. The induced air current is as use-
ful as in the solid-batch incineration; it prolongs retention time in
the high-temperature zone so that all necessary secondary combustion
can be completed. No changes were considered to be necessary in the
off-gas handling system.

Several safety devices have been installed to protect against a
possible local concentration of flammable vapors. A propane pilot
flame with automatic ignition was installed to initiate liquid burn-
ing. In the event that an oil flame would extinguish through blow-
out, feed cut off, etc., an ultraviolet sensor automatically re-
ignites this pilot flame.

Tests using liquid feed have shown that mixtures of tributyl phosphate
(TBP) and kerosene burn readily, at least in the percentages used. It
was found that igniting kerosene alone, prior to feeding the mixture,
resulted in a superior initial burning of the mixture. The feed rate,
after ignition, was 15 liters per hour. At this feed rate, the
scrubber cooling system approached capacity. Increased cooling
capacity would, therefore, be necessary for a higher feed rate. The
primary conclusion of this experiment was that the incinerator system
can handle the mixture of 30% TBP-70% kerosene common to the nuclear
industry.

0ff-Gas Composition

We have extensively monitored the exhaust from the Cyclone In-
cinerator to determine the effectiveness of the scrubbers in removing
acid gases generated in the combustion of materials commonly used in
nuclear operations. The data in Table IV were collected during the
incineration of waste containing 18 wt % chloride and 2 wt 7% sulfur.
Because no externally fueled burner is utilized for solid waste com-
bustion in the Cyclone Incinerator, the composition of the waste de-

termines the peak temperatures of combustion which range from 1100 to
1300°C.

Table IV Typical off-gas analysis for cyclone incinerator.

Component Treated Off-Gas
Carbon Dioxide 9.0 wt %
Oxides of Nitrogen 10-600 pPpm
Nitrogen 66.2 wt %
Hydrogen Chloride 1-13 pPpm
Oxygen 13.5 wt %
Sulfur Dioxide Not detectable
Water 11.0 wt %
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A series of chloride mass balance runs was made to define more
clearly the disposition of chlorides generated during the combustion
of polyvinyl chloride (PVC) in the cyclone incinerator. Known amounts
of PVC were burned. Before the first run and after each succeeding
run, the scrubber solution was sampled for chloride. A collection
train monitored the off-gas prior to the HEPA filter. Chemical anal-
ysis indicated that 87 wt % of the chlorides in the PVC went into the
scrubber solution and a statistical average of 0.6 wt % showed up in
the off-gas. The remaining 12 wt % is unaccounted for, but most like-
ly some remained with the ash and some was attached to solids removed
from the scrubber solution by the liquid filter.

We have also monitored the off-gas during liquid incineration.
A solution of potassium hydroxide was cycled through the deluge tank
and venturi scrubber to remove phosphates from the flue gas stream.
The scrubber system effectively removed phosphates from the off-gas.
Measurement of phosphates in the flue gas indicated a range of from
0.3 to 2.1 ppm at an average phosphate concentration of 1.3 ppm.

Extensive particle monitoring was performed at appropriate
points in the incineration system during combustion of simulated
wastes to assess the effect of adjustments to the system, to deter-
mine the effectiveness of the off-gas system components and to esti-
mate the HEPA filter life expectancy. The HEPA filter, unlike the
off-gas system components, is not self-cleaning and must be replaced
when loaded. A low loading rate is desirable from operating cost and
volume reduction aspects.

Radioactive contamination of actual waste has made particle
sampling more difficult, but at points where comparisons have been
made, the size and distribution of particles are nearly identical for
all types of feed.

Immobilization

Controlled experiments were conducted on the selected pressed-
pellet matrix chosen for the immobilization process of incinerator
ash residue. The experiments were designed to provide data for evalu-
ation and selection of the best pellet matrix for incinerator ash and
Portland Type 1A cement.

Certain process parameters previously determined and evaluated
during screening studies with the pressed ash-cement matrix were fixed
throughout the entire experimental sequence. The parameters in the
process which were held constant are:

1. Pressing pressure of 25,000 psi for l-min duration.

2. Three-gram matrix weight.

3. One-half inch pressing die, which, with a 3-g charge,
produces a relatively standard 1/2-in. diameter by
1/2-in. high pellet (L/D ratio approximately 1).

4. Dry Cure Cycle - two days (48 hr) in open atmosphere.

5. Wet Cure Cycle - four-day (96 hr) cure in distilled
water followed by a two-day cure in open' atmosphere.
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Five groups of waste matrices samples were evaluated during the
controlled experiments. Pellets were pressed with 60%, 65%, 70%, 80%
and 0% ash residue (100% Portland 1A cement). The pure cement pellets
were pressed for control comparison conditions. The water-to-cement
ratio was varied in each sample group to determine the water-to-cement
ratio which would produce acceptable pressed pellets. Normally, six
water-to-cement ratios were evaluated ranging from a too dry condition
(fracturing pellet matrix after pressing) to a wet condition (excess
water ejected from die during pressing operation).

The control condition matrix (100% Portland 1A cement) contain-
ing 0% incinerator ash at acceptable water-to-cement ratios produced
nearly identical pressed pellets. The dry-cure method produced
pressed pellets of uniform compressive strength, density, and final
weight. Based on the final weight of the pellets, the calculated per-
centage of water remaining in the matrix is approximately 2% for the
dry-cure method. Similarly the wet-cure method produced pressed
pellets also of uniform but higher compressive strength, density, and
final pellet weight. However, the wet-cure method retained approxi-
mately 10% water in the matrix form.

The data shown in Table V for the 60%, 65%, 70% and 80% ash-
cement pressed matrices are given only for the two best water-to-
cement ratios even though four acceptable and tested water-to-cement
ratios were attained. The data clearly indicate that the wet-cure
method produces ash-cement matrix having higher compressive strength
than pellets which were dry cured. In general, the compressive
strength increased as the percent of ash in the matrix decreased.
This. result was expected since the cement (binder) contributes signi-
ficantly to the pellet compressive strength.

As the percent of incinerator ash was increased, the water-to-
cement ratio also increased. This was also expected as observed in
past screening studies conducted on the ash-cement pressed matrices.
Although a small portion of water must be required for cement inter-
action and blending, the ash requires significant amounts of water to
wet the ash because of its hydrophilic characteristic. Although this
condition exists, the final pellet weights after curing are close in
final weight value-as the 0% ash matrix final weight. The 60/40 ash-
cement matrix after wet-cure processing, however, gained weight; the
reason for this is presently being ‘investigated.

The density of thé various ash-cement pressed pellets increased
as the percent of ash decreased. The density ranged from 83-88% of
the 0% ash-cement pressed matrix; however, the density values calcu-
lated for the ash-cement various matrices were taken, and the radio-
graphs clearly show that no void, crack, or fissure exists in any
of the ash-cement pressed pellet matrices:

Mechanical strength and corresponding percent weight loss of
the various pressed pellets were also determined. The pressed pellets
were placed in stainless steel containers which were clamped into a
Model BT Wrist Action Shaker. The shaker was set at the maximum 10°
shake angle to vibrate the samples in a circular motion inside the
fixed container. The shaking action was continued for 50 hr, and the
weight loss was determined. The resulting weight losses are also
shown in Table V. All the samples experienced a slight rounding of
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the edge that contacted the stainless steel container; one slight
abrasion occurred on the walls of the samples. Figures 3 and 4 are
photographs of the 1007 cement pressed pellet before and after the
shake test. Radiographs of the pellets taken before and after the
shake test showed that the pellets were still homogeneous and con-
tained no voids, cracks, or fissures. Although the percent weight
loss is higher for the 60%, 70% and 80% ash-cement pressed matrices
as compared to the 1007 cement pressed matrices, this result would be
expected based on the lower compressive strength values.

Figure 3 Pellet before shake Figure 4 Pellet after shake
test. test.

Volume Reduction Efficiency

Prior to the initiation of the controlled experimentation on the
ash-cement matrix process, a new batch of incinerator ash was prepared
with the cyclone incinerator. The composition of the incinerator feed
was Type I, which consisted of 32 wt % paper, 9 wt % PVC, 29 wt %
polyethylene, 8 wt 7% polypropylene, 13 wt % rubber, 3 wt % cloth, and
6 wt % metal. A total of 11.2 kg (24.6 1b) of the uncompacted
combustible composition (2.2 ft®) was burned in a 55-gal drum. The
resulting ash, containing approximately 20% carbon, was then sintered
for 1 hr at 800°C to reduce the carbon content to approximately 0.04%
carbon. After grinding and sizing, the sintered ash weighed 340 g
and contained a volume of 570 cm?.

Based on the pelletization process for a pressed ash-cement
matrix ratio of 70/30, approximately 162 pressed pellets could be
produced. These pellets would weigh approximately 494 g if dry cured
and approximately 534 g if wet cured. The resulting volume of the
immobilized matrix would be approximately 252 cm® for the dry-cure
product and approximately 256 cm?® for the wet-cure method. This
analysis is based on the preliminary data obtained during the experi-
mentation controlled processes (Table V).

126



15th DOE NUCLEAR AlR CLEANING CONFERENCE

Table V Pressed Ash-Cement Pellet Matrix
Controlled Experimental Process

Average
Loss
During Compressive Shaking
Ash Percent Percent Water/ Cure Cure Density = Strength Loss
Type Ash Cement Cemeént Dry Wet (wt %) (gm/cm®) (psi) (wt %)

0 100 0.10 X 5.9 2.29 3635
0 100 0.125 x 6.1 2.30 3661
0 100 0.15 X 6.5 2.32 3668 0.50
0 100 0.175 x 6.7 2.33 3670
0 100 0.10 X 2.1 2.43 4580
0 100 0.125 X 2.0 2.45 4330
0 100 0.15 X 1.5 2.47 4192 0.84
0 100 0.175 X 1.2 2.49 4293
I 60 40 0.45 X 6.2 2.00 3470 4.45
I 60 40 0.45 X (4.1) 2.30 3600 3.21
I 60 40 0.50 X 8.9 2.00 3470 0.62
I 60 40 0.50 X (3.5) 2.29 3620 4.33
I 65 35 0.60 x 11.8 1..90 3484
I 65 35 0.60 X 5.5 2.21 3583
I1 65 35 0.60 x 7.9 2.51 3605
II 65 35 0.60 x 5.2 2.56 3911
IIT 65 35 0.25 X 2.7 2.47 3618
S-UK* 65 35 0.60 X 7.4 2.08 3619
S-UK* 65 35 0.60 X 3.3 2.18 3733
I 70 30 0.70 X 11.0 1.96 2480 1.78
I 70 30 0.70 X 4.9 2.01 3640 3.70
I 70 30 0.75 b 11.1 1.96 3470 2.27
I 70 30 0.75 X 3.2 2.11 3625 3.63
I 80 20 1.10 X 7.1 1.92 2480 3.72
I 80 20 1.10 X 3.3 2.08 3600 3.84
I 80 20 1.15 X 7.9 1.92 2480 1.85
I 80 20 1.15 X 2.9 2.08 3570 4.45
I 80 20 0.70 X 9.0 2.03 2507
I 80 20 0.70 X 2.7 2.15 3640
I 80 20 0.85 X 9.0 2.04 2500
I 80 20 0.85 X 5.6 2.10 3670

*S-UK denotes pellets containing 3 wt % Na?_SiO3 that were made
with "unknown type" ash
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The data indicate the overall process efficiency starting with
uncompacted combustible Type I composition through incineration and
immobilization is approximately 957% in weight reduction and approxi-
mately 997 in volume reduction.

The selected fixation process, which is a cement/ash pressed
pellet matrix, was chosen on the basis of the waste matrix meeting
known WIPP acceptance criteria and, also, with respect to simplicity
of the process in terms of processing, process equipment, and operat-
ing costs. Figure 5 shows a flowsheet for the pelletization process
of incinerator ash residue.
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Figure 5 — Proposed Pelletization Flow Sheet.
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DISCUSSION

BURCHSTED: I'd like to make an observation and ask two questions. First, I
assume that the Venturi effluent efficiency of 957 for submicron particles is based
on mass, and that the number efficiency would be closer to 5 or 10%.

BOND: That is correct. We have not measured numbers of particles in the
submicron range.

BURCHSTED: Now, as to the HEPA filter, what was the air temperature?

BOND: That was the same as the scrubber outlet which was about 60°C.
BURCHSTED: Have you tried incineration of HEPA filters?

BOND: We have tried it. We, also, have only wooden frames that burn beau-

tifully, but the asbestos, naturally, does not. It does, however, disintegrate.
The reduction ratio is not as good as with more combustible waste. The filter must
be broken up to fit inside a 55 gallon drum.

BURCHSTED: The comments I made before about aluminum separators would apply
here, too?

BOND: Yes.

MURROW: The 60°C offgas, after going through the scrubber, would be pretty
well saturated with water. Do you have any trouble with water condensation in the
HEPA filter?

BOND: Yes, at one time we had a small amount of trouble. Subsequently,
we added a heating element in the offgas line between the Venturi scrubber and HEPA
filter which heats the offgas sufficiently to keep the water vaporized. The tem-
peratures quoted in the talk were taken prior to the addition of the heater.

MURROW: Is your temperature high enough to avoid carbonaceous effluent from
the materials you're burning, such as oils or plastics or rubber?

BOND : We have not detected any material of this sort coming from the com-
bustion chamber. The design of the combustion chamber provides a cyclone action to
both the incoming and exiting air which allows sufficient time for complete combus-
tion of carbonaceous material.

MURTHY : Could you tell us what you do with the scrubber liquor that you get
from both scrubbers?

BOND: Yes, at Mound facility the scrub liquor from the deluge tank and
Venturi scrubber is combined in the recycle tank. The spent solution, at Mound,

is processed in the plant waste disposal system. After processing, it is clean
enough to be dumped into the river. We are working on a treatment method that will,
when developed, provide an accessory to the cyclone system for use in applications
where waste disposal facilities are not available, but we have not tested it yet.

In fact, we haven't bought it yet.

ALVARES: What is used to measure aerosol at various incinerator stages?
What reservations do you have about your efficiency results?
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BOND: Leeds & Northrup Cascade impactors are used. We have no reserva-
tions. These data were taken over many incinerator runs with a wide variety of
feeds. The results are consistently within a narrow range.

DEMPSEY: What are the binders in the pressed pellets that you spoke about?
Do you press them without any binder at all? What binder do you use in the ideal
pellets that you spoke about? What is the difference between "concrete pellets”
and "pressed pellets'"--if the latter also have concrete in them?

BOND: We use a small amount of water as a binder which is taken up by the
cement and forms almost a concrete type of pellet. The second pellets were cast
concrete. We mixed ash and cement with sufficient water to form concrete and these
were then cast in molds. The others have just enough water to act as a binder and
they are pressed in a die so that the water content is quite a bit lower.

DEMPSEY: Does the cement actually hydrate in the second case? 1Is it just a
stoichimetric amount of water but not enough to be free water?

BOND : I'm not sure, but I believe that is the case.

COLLINS: Have you tried this on typical wastes from light water reactors;
sludges and slurries? What about waste contaminated with iodine?

BOND: There were three types of waste that we have done experiments with,
primarily paper, wood, leather, and rubber. We have tried a small amount of sludge
mixed with the regular feed. The results were good, i.e., satisfactory burning.

We hope to look into this problem more deeply in the future. Todine contaminants
are a recognized problem. One current project of ours is directed toward iodine re-
moval, but we have not yet reached the experimentation stage. The liquids we have
burned have been tributyl phosphate and kerosene mixtures primarily. Also vacuum
pump oils.

CHOTI: We have drums of o0il, as in your case. How would it be burned in
situ in the drums? For example if the drum is filled with o0il?

BOND: The liquid can be pumped from any tank or drum and fed through our
liquid burnexr. We have successfully burned mixtures of tributyl phosphate and kero-
sene, kerosene and vacuum pump oils. We expect to try liquids such as Hyprez and
others commonly found in the nuclear industry.

CHOI: So, it would be different from what you have shown on the slides.

BOND: Yes, it's a different set-up completely.

CLOSING REMARKS OF SESSION CHAIRMAN:

We are done with the day, and I have no words of wisdom. Some of you who are
not involved with this technology may wonder why we keep hearing of all these dif-
ferent types of incinerators. Why doesn't everyone use or purchase one particular
unit and get on with it? The DOE is now supporting development of five. There were
seven different types before. The intention is to keep narrowing the number down
and we have narrowed it down a little. Now, we're coming to the end of Phase 2;
namely, the pilot process where we have conducted tracer tests. Now, the narrowing
down process really becomes in earnest as we prepare to process massive amounts of
waste. Two years from now, I think there will be still another story with regard to
this technology. However, each of the units you've heard about is finding its own
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little niche in small-scale, on-site-type applications even though they may not be
suitable for a very large incineration center requirement.
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TRITIUM EFFLUENT REMOVAL SYSTEM

P. H. Lamberger and G. E. Gibbs
Monsanto Research Corporation
Mound Facility*
Miamisburg, Ohio 45342

Abstract

An air detritiation system has been developed and is in routine
use for removing tritium and tritiated compounds from glovebox efflu-
ent streams before they are released to the atmosphere. The system
is also used, in combination with temporary enclosures, to contain
and decontaminate airborne releases resulting from the opening of
tritium containment systems during maintenance and repair operations.
This detritiation system, which services all the tritium handling areas
at Mound Facility, has played an important role in reducing effluents
and maintaining them at 2% of the level of 8 yr ago.

The system has a capacity of 1.7 m3/min (60 cfm) and has operated
around the clock for several years. A refrigerated in-line filtration
system removes water, mercury, or pump oil and other organics from
gaseous waste streams. The filtered waste stream is then heated and
passed through two different types of oxidizing beds; the resulting
tritiated water is collected on molecular sieve dryer beds. Liquids
obtained from regenerating the dryers and from the refrigerated fil-
tration system are collected and transferred to a waste solidification
and packaging station. Component redundancy and by-pass capabilities
ensure uninterrupted system operation during maintenance. When_pro-
cessing capacity is exceeded, an evacuated storage tank of 45 m3 (1600
£t3) is automatically opened to the inlet side of the system.

The gaseous effluent from the system is monitored for tritium
content and recycled or released directly to the stack. The average
release is <1 Ci/day. The tritium effluent can be reduced by iso-
topically swamping the tritium; this is accomplished by adding hydrogen
prior to the oxidizer beds, or by adding water to the stream between
the two final dryer beds.

Introduction

One of the principal goals of Mound Facility is to keep tritium
discharges as low as practicable. To achieve this goal, concentrated
gaseous effluents from any application or process involving tritium
must be discharged to a tritium removal system. Mound conducts a
variety of operations involving tritium, including the recovery of
tritium from many kinds of wastes generated by U. S. Department of
Energy contractors. This recovered tritium is put into gaseous form
and separated from other hydrogen isotopes in thermal diffusion columns.
Tritium effluents from Mound to the atmosphere have been reduced to
about 2% of the level of 8 yr ago.

*Mound Facility is operated by Monsanto Research Corporation for the
U.S. Department of Energy under Contract No. EY-76-C-04-0053.
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The major operating system in use at Mound for tritium removal
from concentrated gaseous effluents is the Effluent Removal System (ERS).
The ERS has a 1.7 m3/min processing capability for tritium removal from
gaseous effluents prior to their release to the atmosphere. This tri-
tium removal is accomplished by the oxidation of tritium and tritium-
containing compounds to water, followed by the collection of the water
on drying beds. Effluents contaminated with tritium come to the ERS
from such sources as flushing of passboxes, purges of glovebox atmo-
spheres, regeneration of glovebox inert atmosphere purification systems,
vacuum pump exhausts, relief of glovebox overpressures, solvent vapors
from boxline decontamination operations, purges of space between double
layer drybox gloves, discharges of unrecoverable tritium in contaminated
waste gases, and a variety of maintenance operations.

The wide spectrum of gases processed by the ERS includes argon,
nitrogen, air, helium, hydrogen, water vapor, and various organic com-
pounds such as several types of solvent and vacuum pump o0il vapors.
The introduction of halogen-containing compounds is forbidden because
of the corrosion that would result from the formation of various cor-
rosive agents within the system.

Use in Maintenance Operations

The capability of the ERS to move substantial amounts of gas is
used at Mound to greatly reduce or eliminate tritium releases to the
atmosphere. Various maintenance operations require the opening of
tritium-contaminated lines or equipment and exposing the interior to
the laboratory air. During these operations, the release of tritium
to the atmosphere is inevitable without some type of containment and
decontamination of effluents. At Mound, the item to be opened is en-
closed in flexible plastic sheet supported on a metal frame. The en-
closure is exhausted to the ERS through plastic tubing connected to
one of the ERS inlet lines. Sufficient air flow is maintained through
the enclosure to prevent tritium migration to the room air. All the
tools and eguipment needed to perform the operation are placed inside
the enclosure prior to the start of the maintenance work.

There are two types of temporary enclosures used at Mound. In
situations where high concentrations of tritium could be present, an
enclosure with built-in gloves is erected. The repair work is per-
formed through these gloves by the operating and maintenance personnel.
For low tritium levels where the volume to be contained is large an en-
closure large enough to allow operating and maintenance personnel to
work inside is used. While inside the enclosure, a worker wears a’
plastic bubblesuit with supplied breathing air so that all physical
contact with tritium is avoided.

Several methods are used to decontaminate or reduce the quantities
of tritum in lines and equipment if they must be opened for maintenance.
If liquid could be present, the item is fitted with a specially designed
piercing valve. This valve makes a small hole and the liquid drains
into a container without any release of tritium. If welding is in-
volved in the maintenance operation, external heat is applied to the
area while a small flow (0.05 m3/min) of air is flushed through the
line. This vaporizes moisture and liberates sorbed tritium in the
vicinity of the repair and carries it to the ERS. For general decon-
tamination of lines, equipment or enclosures, moist air is more ef-
fective than dry gases.
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During the maintenance operation, air flow from the enclosure to
the ERS is limited to only that necessary for tritium containment._ At
times, this type of operation requires the maximum capacity (1.7 m3/min)
of the ERS for several hours. Not only is the enclosure ventilated,
but, whenever possible, open contaminated lines are directly purged to
the ERS. The intent is to move air from the room, through the en-
closure, into the open equipment and process lines, and then into the
ERS.

These simple but very effective methods have helped considerably
in reducing tritium releases to the atmosphere and have contributed to
reducing personnel exposures to tritium by a factor of 16 over the past
several years.

System Description

The tritium handling operations are connected to the ERS through
an inlet collection system consisting of 2, 3 and 4-inch copper trunk-
lines (see Figure 1). This inlet system is maintained at a pressure
of 600 torr. In the event that the capacity of the compressors is
temporarily exceeded causing trunkline pressure to exceed 700 torr,
the system influent is automatically diverted to a 45 m3 evacuated
storage tank. The tank inlet valve, which is controlled by a pressure
switch, opens and closes when necessary to maintain the trunkline pres-
sure. This pressure control is very important as a pressure above
atmospheric could seriously harm certain operations and equipment
serviced by the ERS, resulting in a possible release of tritium to the
atmosphere.

A pressure of 100 torr is automatically maintained inside the
storage tank by a vacuum pump. If influent flow contines at a high
rate for an extended period and fills the tank, it is isolated from
the ERS trunkline when the pressure reaches 720 torr. Any additional
flow to the ERS in excess of its processing capacity is then released
directly to the stack. This has occurred only once in the past 6 yr.

Each branch of the inlet collection system is equipped with a
gas flowmeter whose output is displayed and recorded on a strip chart.
Each branch is periodically sampled for tritium concentration which is
also recorded. This branch monitoring permits administrative control
by operating personnel in case of system overloads and also provides
an historical record.

Downstream of the point where the various branch trunklines merge
into a single process line, a series of two filters (30 um and 10 um)
remove particulate material and liquid droplets from the incoming gases.
The purpose of this filtration is to protect the Teflon piston rings
of the compressors against abrasive materials. The collected liquid
and solids_ from the filters are held in storage tanks while awaiting
disposal

The next processing step is the cooling of the incoming gas by
refrigerated heat exchangers. Here the contaminated gas is dried to a
dew point of -50°C. Two shell and tube heat exchangers are used al-
ternately, one cooling the gas while the other is being heated to de-
frost the collected condensate which is then stored in a stainless
steel tank and later packaged for burial(l), The heat transfer fluid
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is cooled to -55°C by a cascade refrigeration compressor system. Steam
is used to supply heat for the defrost cycle.

The flow of contaminated gas and heat transfer fluid through
the heat exchangers is automatically governed by a programmable step
selector. A cycle timer with adjustable settings is used to advance
the selector. This allows for variation in time intervals between the
defrost and gas cooling cycles.

Prior to the heat exchanger switching from the defrost cycle to
the gas cooling cycle, a three-step time interval is devoted to pre-
cooling the hot heat exchanger. This provides for constant cooling of
the gas during the switching process. The system has built-in failsafe
features to ensure uninterrupted operation. In the event of a valve
failure, gas will automatically bypass the refrigeration system.

A combustible gas detector is installed on the gas line; its
purpose is to warn of the presence of a combustible mixture of hydrogen
and oxygen. The detector will alarm when the mixture of hydrogen and
oxygen reaches 25% of the lower explosive limit. When the mixture
reaches the 75% level, nitrogen gas is added automatically for dilution
purposes.

An automatic flow control valve is located in the process line
for the purpose of regulating gas flow to maintain the gas inlet header
at a pressure of 600 torr. The pressure downstream of the control
valve normally is maintained at 510 torr by the addition of recycled
gas from within the system. A pressure controller is used to operate
this recycle flow control valve which is similar to the process line
control valve. The purpose of this controlled recycle gas is to pro-
vide the positive displacement compressors with sufficient gas to main-
tain the inlet pressure at 510 torr. The compressors have the cap-
ability of reducing the inlet pressure to 310 torr which could cause
damage to the diaphragms in the compressor inlet valves.

Gas is moved through the ERS by either of two oil-less-head com-
pressors connected in parallel. This type of compressor was chosen
because the introduction of oil into the system would require additional
filtration to protect the Hopcalite oxidizing reactors. O0il vapor has
a tendency to coat the Hopcalite and seriously reduce its effectiveness.
One compressor of 0.85 m3/min capacity is maintained in standby con-
dition. Should the normally operating compressor become inoperative
the standby unit is automatically actigated. The active compressor
has a capacity of either 0.85 or 1.7 m’/min and is equipped with a two-
speed motor, which changes to high speed automatically when the gas
flow rate exceeds the low speed capacity or the gas line pressure in-
creases to 670 torr.

The gas discharged by the compressor is fed to two 4.25 m3 holding
tanks which are normally held at 2000-2300 torr. This pressure pro-
vides the driving force for gas flow through the remainder of the sys-
tem. Following the holding tanks are two dual-tower, automatic, self-
regenerating dryers using molecular sieve as the desiccant. The first
dryer is filled with 4AXW molecular sieve to remove trace amounts of
water vapor. The second dryer is filled with type 13X molecular sieve
for hydrocarbon removal. It is important that halogenated hydrocarbons

be removed from the gas stream prior to its entry into the hot oxidizing
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reactors since decomposition of the halogen compounds leads to the
formation of corrosive agents.

After the gas exits the 13X dryer, it is passed through an oil
absorbing filter. The gas is now considered completely free of any
vapor which will harm the oxidizing reactors or produce corrosive
agents at the high temperatures of the reactors. At this point, a 28
liter/min sample is fed through an ion chamber which measures the tri-
tium concentration of the gas prior to entering the reactor system.

The ERS is equipped with four identical parallel reactor systems,
which have the function of oxidizing hydrogen isotopes and compounds
into water. Each reactor system consists of a preheater, a Hopcalite
reactor and a palladium reactor. An automatic ball-valve switching
mechanism is used to select any two reactor systems for processing gas
contaminated with tritium. The other two reactors are held in a hot
standby condition. A gas flow control valve is located on each reactor
system and the gas flow can be regulated from 0.17 to 0.43 m3/min as
desired. A pressure switch, located on the holding tanks, will auto-
matically introduce gas to the two standby reactors when the tank pres-
sure reaches 2400 torr. This switch will also return the two reactors
to standby status upon the reduction in tank pressure to 1950 torr.

An electric preheater raises the temperature of the incoming
gas to 400°C prior to entering the Hopcalite (15% CuO and 85% MnOj)
reactors. Here the hydrogen is oxidized by the Cu0O, and the MnOj acts
as a catalyst for the reaction. The CuO provides an oxygen supply if
the incoming gas stream does not contain any air. There is normally
sufficient oxygen in the gas to maintain the copper in the oxidized
state; but as a precaution, air is routinely introduced into the system
to avoid oxygen depletion. A second reactor downstream of each
Hopcalite reactor contains a palladium catalyst held at 600°C. The
purpose of this palladium reactor is for oxidizing tritiated organic
compounds, such as radiolytically generated methane, for which the
Hopcalite is ineffective.

The efficiency of each reactor can be determined by automatically
sampling the gas leaving each reactor, drying the gas and measuring
the tritium content with an ionization chamber.

The gas is passed through air-cooled, finned, copper heat ex-
changers before entering another pair of dual-tower dryers. These
two dryers use type 3A molecular sieve. The water collected in these
dryers was produced in the oxidation process of the reactors. Upon
regneration of the dryers, the accumulated water is collected and
packaged for burial.

Additional removal of tritiated water from the gas is achieved
by the use of isotopic swamping. This is accomplished by periodically
loading the final dryer with several kilograms of natural water. Since
there is rapid exchange between water in the adsorbed and vapor phases,
the HTO is adsorbed and H30 is released resulting in the virtual elim-
ination of HTO from the discharge of the second dryer. Periodically,
the dryer is regenerated and, after cooling, is again loaded with
clean water.
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A hydrometer is used to measure the trace amounts of water vapor in the
gas entering and leaving the third dryer, and leaving the final dryer.
This information is useful for troubleshooting during brief and rare
periods of system inefficiency. By combining the information from the
tritium concentration monitors, the explosive mixture monitor, and the
hydrometer, the cause of most problems can be determined and corrective
action taken.

As the decontaminated gas exits the final dryer, the tritium
concentration is measured with an ion chamber whose output is fed to a
recorder equipped with an alarm set point. If the tritium concentration
reaches the set point, a series of valves will automatically divert the
contaminated gas back into the compressor inlet line for recycle. This
recycling continues until the tritium concentration is less than the
set point. When this point is reached, the valves automatically re-
verse to the normal position and the gas is discharged to the atmosphere.

Detritiation factors of 10° can be attained by use of the ERS.
In tests with tritium concentrations of 10 ppm (25 Ci/m®) in the in-
fluent, tritium concentrations in the output or discharge were less
than 250 uCi/m3.

Engineering Data

The system is relatively large and complex because of its capacity,
redundancy of critical components and safety features. Current re-
placement cost is $1.5 million. The ERS was designed for, and is
operating on, a continuous 24-hr/day basis with almost no downtime.
Normal maintenance of the system can be performed without seriously
reducing its capacity or efficiency.

Containment of tritium, operating life and ease of maintenance
are the main design criteria when selecting materials and equipment
for the ERS. The lines not subjected to elevated temperatures are
copper tubing joined with silver solder. The lines exposed to high
temperatures are 316 stainless steel, and the reactors and preheaters
are constructed from 304H rerolled stainless steel. Heliarc welding
in an argon atmosphere is used for fixed stainless steel joints. Flex-
ible bellows connections, which allow for thermal expansion, are used
between the Hopcalite reactors and the preheaters. The stainless steel
bellows are welded to stainless steel flanges and when assembled are
in a state of stress. Upon thermal expansion of the reactors during
operation, the stress in the bellows is relieved. A special gold-
plated, K-shaped gasket is used between these flanges. Flanges were
selected for use in these locations to allow the reactor or preheater
to be removed easily.

The finned cooling sections are fabricated from oxygen-free cop-
per (OFC) tubing to resist corrosion. Viton, which has high resistance
to tritium, is used as gasket material for flanges where temperatures
are not greater than 100°C.

Many different thermal insulating materials are used in the ERS.
In the refrigeration system, the holding tank containing the heat-trans-
fer fluid is insulated with foam glass. The refrigerant transfer lines
are insulated with foam rubber and fiberglass. The Hopcalite reactors
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and preheaters are enclosed with rigid, 23-cm thick, pressed fiber
insulation. The palladium reactors are insulated with high-temperature,
evacuated glass beads contained within a stainless steel enclosure.

Several of the significant improvements of the present system,
built in 1972, compared to the original system, are the following:
The capacity has been increased by a factor of 10. The addition of the
refrigerated heat exchangers has provided for an essentially dry system
resulting in more reliable operation and less hazard to maintenance
personnel from tritiated condensates. The absence of tritiated liquids
requires less preparation before maintenance work can start, resulting
in decreased system downtime. The use of effective filters and con-
densers and proper control of the cooling water has extended the oper-
ating time of the compressors between overhauls from 600 hr to ~15,000
hr. Improved tritiated liquid handling equipment has reduced losses
to the atmosphere. The addition of the palladium reactors has given
the system the capability to oxidize tritiated organic compounds which
otherwise would be released to the environment; this has resulted in
reduced effluents and in increased flexibility in choosing decontaminat-
ing solvents. Improved pressure, temperature, and gas flow instru-
mentation has improved the control and efficiency of the system.

Conclusion

There are two methods of disposing of tritiated effluents -- re-
leasing them to the environment or exhausting them to an effluent de-
contamination system. Mound has shown, through use of the ERS, that
most effluents need not be discharged to the environment and that an
effluent goal of "as low as practicable" can truly be achieved.
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DISCUSSION

O'BRIEN: First, is the output of the ERS linearly related to the input or is
the output concentration the same no matter what the input concentration? Second,
what becomes of the water absorbed on the drying beds?

LAMBERGER: The output is constant over a wide range of inputs but does increase
when the input concentration reaches very high levels. The answer to your second
question is that the dryers are regenerated and the water moved to storage tanks.
Ultimately, the water is solidified, using Portland cement, and packaged in a series
of three drums with a very low release rate.

PARISH: Why are you using a Hopcalite catalyst in series with a precious
metal?
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LAMBERGER: The oxygen in Cu0 is available to oxidize hydrogen in case insuffi-
cient oxygen is present in the incoming gas stream.

CARTER: In what form is the tritium released from the stack? 1Is the input
to the cleanup system all tritium gas rather than tritiated water vapor? Finally,
what is the effective decontamination factor for plastic suits?

LAMBERGER: Tritium is released from the stack both as elemental hydrogen and as
the oxide. The input to the cleanup system contains tritium gas and oxide in vary-
ing amounts. I don't know what decontamination factor applies to plastic suits. We
have a publication on the subject that contains the data you are seeking.
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MODIFICATION AND TESTING OF THE SANDIA LABORATORIES LIVERMORE
TRITIUM DECONTAMINATION SYSTEMS*

P, D. Gildea, H. G. Birnbaum and W. R. Wall
Sandia I.aboratories
Livermore, California 94550

Abstract

Sandia Laboratories, Livermore, has put into operation a new facility, the
Tritium Research Laboratory. The laboratory incorporates containment and
cleanup facilities such that any tritium accidentally released is captured rather
than vented to the atmosphere. This containment is achieved with hermetically
sealed glove boxes that are connected on demand by manifolds to two central de-
contamination systems called the Gas Purification System (GPS) and the Vacuum
Effluent Recovery System (VERS). The primary function of the GPS is to remove
tritium and tritiated water vapor from the glove box atmosphere. The primary
function of the VERS is to decontaminate the gas exhausted from the glove box
pressure control systems and vacuum pumps in the building before venting the gas
to the stack. Both of these systems are designed to remove tritium to the few
parts per billion range.

Acceptance tests at the manufacturer's plant and preoperational testing at
Livermore demonstrated that the systems met their design specifications. After
preoperational testing the Gas Purification System was modified to enhance the
safety of maintanance operations. Both the Gas Purification System and the
Vacuum Effluent Recovery System were performance tested with tritium. Results
show that concentration reduction factors (ratio of inlet to exhaust concentrations)
much in excess of 1000 per pass have been achieved for both systems at inlet con-
centrations of 1 ppm or less.

Introduction

Sandia Laboratories, Livermore, has put into operation a new
facility, the Tritium Research Laboratory (TRL). The laboratory
(Figure 1), designed for a wide range of experiments using multi-gram
amounts of tritiu, entered its start-up phase on October 1, 1977.

In addition to the usual pressure-gradient-controlled once-through
ventilation system, the Tritium Research Laboratory provides for
both personnel safety and environmental protection by employing a
glove box secondary containment system connected to the two cen-
tral decontamination systems, the Gas Purification System (GPS)
and the Vacuum Effluent Recovery System (VERS).

This paper describes the glove boxes and operating principles of the GPS and
VERS. It gives their performance specifications, and details Sandia's modifi-
cations to the manufacturer's design to enhance the safety of maintenance oper-
ations. Performance tests, preoperational and with tritium, are also discussed.

*Work supported by the Department of Energy under Contract AT(29-1)-789.
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TYPICAL LABORATORY
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GAS PURIFICATION SYSTEM (GPS)

Figure 1 The TRL building at Livermore, showing the arrangement of

some of the major systems and a typical experiment station.
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Containment

All experiments are secondarily contained in sealed stainless steel glove
boxes of welded construction (Figure 2). Each box is equipped with glove ports,
viewing windows, and an air lock pass-through; and on each end there are remov-
able panels for the installation of large items. Both regular utility and emergency
electrical power are provided to the box. Also, there are feed-through provisions
for instrumentation and inert gas pressure connections, and a cooling system to
remove the heat generated by experiments. Both tritium concentration and humid-~
ity control are maintained by processing the glove box atmosphere through the
GPS. Normally, the glove boxes are operated with dry nitrogen maintained by the
box pressure control system at a pressure of -0. 25 to -1. 0 kPa with respect to
the room. However, the box can be operated with an argon or air atmosphere if
desired.

— EXHAUST FROM BOX TO VACUUM
EFFLUENT RECOVERY SYSTEM

EXHAUST FROM
BOX TO GAS
PURIFICATION
SYSTEM

EXHAUST FROM GAS
PURIFICATION SYSTEM

Figure 2 Sealed glove box.

Decontamination

Decontamination is accomplished by two centralized systems. (1) The first of
these, the Gas Purification System (GPS), removes tritium and tritiated water
vapor from the glove box atmospheres. The second, the Vacuum Effluent Re-
covery System (VERS), removes tritium, tritiated water vapor, and tritiated hy-
drocarbons from gases exhausted from the glove box pressure control systems and
laboratory vacuum systems before the decontaminated residue gases are vented to
the stack. The original systems were manufactured to a Sandia performance
specification by Engelhard Industries Systems Department, Union, New Jersey.
Both systems were designed to reduce tritium concentrations to a few parts per
billion. The tritium removed by the decontamination systems is contained, either
for recovery or for disposal, as solid waste on Type 4A molecular sieves.
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Gas Purification System

Design and Operation

The Gas Purification System (GPS), conceptually illustrated in Figure 3, re-
moves tritium from the glove box atmosphere in the event of either an accidental
release or a slow buildup of background concentration.

STACK
NORMALLY
CLOSED
ORGANIC NORMALLY
VAPOR TRAP PREHEATER OPEN
BLOWER  \ [ HEATER
l— CATALYTIC
0000000 0000000) "~ REACTOR
IS
AIR? TIVIVTY _I
T, MONITOR =
HEAT EXCHANGER
—&H ,
£ GLOVE BOX WA
A COOLING WATER CWALING T, MONITOR &
H,0 SENSOR

Figure 3 Gas purification system schematic.

The GPS consists of a central manifold connected to each of the laboratory
glove boxes, a catalytic reactor to oxidize the tritium, two molecular sieve dryers
in series to collect the tritiated water, a blower to circulate the glove box atmos-
phere through the system, and a control and diagnostics system to provide both
automatic and manual control and to assess operational status. Redundant prime
function components, i.e., blowers, heaters, and catalyst and dryer beds are
provided for reliability. A dryer regeneration system provides for removal of
water from a loaded dryer while the GPS is operating with the use of the other
two dryers. Entry and exit nozzles allow safe removal and replacement of both
catalyst and sieve material while the system remains operational by the use of a
redundant flow path. Major system performance criteria are summarized in
Table 1.

The GPS can be operated either in a recirculation mode or in a stacking mode.

In the recirculation mode, the normal method of operation, the glove box gases
are pumped from the box, through the GPS, and back to the box until tritium con-
tamination is reduced to an acceptable level. The stacking mode is similar to the
recirculation mode with the exception that the glove box atmosphere is not re-
circulated but stacked after passing through the GPS. This is accomplished by
drawing clean box atmosphere gas into the manifold ahead of the glove box and
venting the GPS effluent to the ventilation exhaust. This mode of operation may
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Table I GPS performance criteria.

Processing Capacity 340 m3 hr-1

Catalytic Reactor

Operating Temperature 783 K

Standby Temperature 783 K

Catalyst Engelhard Minerals and Chemicals
No. A-16648

Tritium Concentration 1000 per pass for concentrations

Reduction Factor* from 20, 000 ppm to 1 ppm.

Molecular Sieve Dryer

Capacity 37 moles of water while maintaining
less than 1 ppm water at exit
Regeneration Time 6 hours
Regeneration Temperature 589 K
Molecular Sieve Type 4A
Startup Operating Time 30 s
Glove Box Pressure Control -0.25 to -1, 0 kPa relative to the
laboratory
-10 3 -1 .
System Leak Rate 1x10 m (STP)s ~ maximum

helium at 98 kPa differential

*Ratio of inlet to outlet tritium concentrations.

be used to backfill the glove box with dry nitrogen or argon when an inert atmos-
phere is required. It can also be used to drive the glove box concentration to low
levels when it is necessary to clean up a box for reentry.

GPS Modifications

The GPS as originally received from the manufacturer is shown in Figures
4 and 5.

As a result of experience gained during preoperational testing of the GPS in
the TRL, it became apparent that system changes were required primarily to in-
crease the safety of maintenance operations. Modifications were necessary to
reduce to a minimum the volume of the GPS opened up to the room during such
operations as valve seat, heater, catalyst, and sieve removal and replacement.
The diagnostics and control systems were also modified at this time. To achieve
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Figure 4 GPS blower and catalytic reactor skids,
as received from manufacturer.
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Figure 5 GPS dryer skid as received from manufacturer.,

this end the GPS was removed from the laboratory and modified after completion
of preoperational testing but prior to tritium testing. The major modification
problem encountered was finding a suitable arrangement of the dryer skid that
would allow space for placement of isolation valves on both sides of the eleven
4-in. and thirteen 2-in. remotely actuated ball valves on the skid.

Mechanical Modifications. The three skids were disassembled and modified
as follows:

1. Isolation valves and purge ports were added on either side of all
remotely actuated valves and on the catalyst and sieve vessel entry
and exit nozzles.

2, A sealing surface was added to the main heater vessel to allow for
installation of a glove box for heater removal.

3. Raceways were installed on the outside of the main heater and catalyst
vessels for ease of replacement of standby heating elements.
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4. The catalytic reactor skid was split into two separable independent
skids to allow replacement of one complete flow path without major
interruption of system operation.

S. A bypass was added to the catalytic reactor skid to allow system
operation without flow through the catalyst and to allow isolation
of the catalyst when the system is not operating.

Figures 6, 7, and 8 show the three skids after completion of the mechanical
modifications. The purge port arrangement used on the dryer vessel sieve fill
nozzle is shown in Figure 9.

ISOLATION
VALVES

a8 ISOLATION
i VALVES

Figure 6 Modified GPS blower skid.
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Figure 7 Modified GPS catalytic reactor skid.
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Figure 8 Modified GPS dryer skid.
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Figure 9 Dryer fill nozzle purge port configuration.

Instrument and Control System Modifications. To enphance both reliability
and ease of maintenance, the diagnostics and control systems were changed as

follows:

1. The mechanical relay control system was replaced by a micropro-
cessor controlled solid state system to provide increased flexibility
and reliability.

2. All heater, motor, and valve control elements except disconnects
were removed from the skids and placed outside the hood sur-
rounding the GPS to allow ease of maintenance.

3. The Variac standby heater controls were replaced with silicone
controlled rectifier units to achieve better temperature control.

4. Thermocouples were placed in the catalyst bed to provide more

accurate temperature control and allow assessment of catalyst
performance. Thermocouples were also added at the dryer inlet
to provide more accurate determination of regeneration completion.

The GPS control panel in the TRL control room is shown in Figure 10; the
wall mounted GPS combustion air and makeup gas flow instrumentation and con-
trol valves are shown in Figure 11. The catalytic reactor standby heater and
thermocouple mounting arrangements are presented in Figure 12.
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GRAPHIC REGENERATION PROCESS HEATER REGENERATION HEATER

DISPLAY PROCESS  FLOWMETER CONTROL PANEL CONTROL PANEL
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......
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Figure 10 GPS control panel.
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GPS gas flow instrumentation and control valves.

Figure 11
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Figure 12 GPS catalytic reactor.
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Vacuum Effluent Recovery System

Design and Operation

The VERS, conceptually shown in Figure 13, is used to remove tritium from
the exhaust gases of the laboratory vacuum systems before venting to the stack.
The VERS removes tritium in the same manner as the GPS and uses the same
precious metal catalyst. The system consists primarily of a laboratory vacuum
manifold and two holding tanks to collect the contaminated waste gases, a catalytic
reactor to oxidize the tritium, two molecular sieve dryers connected in series to
collect the tritiated water, the necessary pumps to evacuate the laboratory mani-
fold and transfer the waste gas through the system, and a control and diagnostics
section to provide both automatic and manual operation and to assess operational
status. That portion of the VERS containing the heater, catalytic reactor, heat
exchanger, dryers, and transfer pump is referred to as the 'decontamination
section. "

STACK A
HOLDING TANKS

CATALYTIC REACTOR
HEAT EXCHANGER DRYERS

LAB MANIFOLD

ORGANIC TRAP

VACUUM
PUMP

COOLING WATER
MONITOR TANK WATER SWAMPING

T, MONITOR &
H,0 SENSOR

" VACUUM
PUMP

Figure 13 Vacuum effluent recovery system schematic.

The VERS catalytic reactor like that of the GPS is maintained at an elevated
temperature (783 K) in standby condition to ensure combustion of tritiated hydro-
carbons and readiness to begin processing upon receipt of a start signal. Because
holding tank capacity provides adequate time for most maintenance operations,
redundant components are limited to the vacuum and gas transfer pumps. Major
system performance criteria are summarized in Table IL

The VERS is normally operated in a batch processing mode. The laboratory
vacuum manifold is maintained at an average pressure of approximately 3.3 kPa.
The effluent exhausted to the manifold is pumped into a 0. 3 m3 tank, where its
contamination level is monitored. To minimize VERS operating time, the effluent
of the 0.3 mS tank is divided into two levels of tritium concentration which are
collected in separate 5.7 m3 holding tanks. The lower concentration is selected
such that effluent can be vented directly to the stack while the effluent with the
higher tritium concentration is decontaminated before stacking.

Effluent is collected until the holding tank pressure reaches 86 kPa. The
decision to stack the holding tank contents is made by control room personnel and
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Table II VERS performance criteria.

Processing Capacity 18 mS hr-!
Holding Capacity 9.5 m3 at 86 kPa
Catalytic Reactor

Operating Temperature 783 K

Standby Temperature 783 K
éatalyst Engelha rd Minerals and Chemicals
No. A-16648
Tritium Concentration 1000 per pass for concentration
Reduction Factor* from 20, 000 ppm to 1 ppm
Molecular Sieve Dryer Will use GPS dryers
Molecular Sieve Type 4A
System Operating Pressure 13 to 86 kPa
System Leak Rate 1x 10—10 m3 (STP)s—1 maximum

helium at 98 kPa differential

*Ratio of inlet to outlet tritium concentrations.

must be initiated manually. The decision to process the holding tank contents
through the decontamination section is automatically made by the VERS control
system. The tritium monitor at the exit of the decontamination section generates
a signal, depending upon the tritium concentration, either to recirculate the ef-
fluent through the VERS or to direct it to the stack.

When a holding tank is to be processed through the decontamination section,
the VERS control system alerts the control room by means of an alarm light and
begins circulation of the holding tank contents through the decontamination section.
When the holding tank pressure is reduced below 13 kPa, the system shuts down.
The VERS has the capability for being operated in a continuous stacking and pro-
cessing mode, However, the decision to use this mode will depend upon oper-
ational experience still to be gained.

VERS Modifications

The decontamination section of the VERS is shown in Figure 14 as originally
received from the manufacturer.

With the exception of the decontamination section, the VERS was designed
and fabricated by Sandia. A major task was to integrate the decontamination
section into the rest of the system. Because of space limitations, the manufac-
turer's skid was disassembled and the major components, with the exception of
the catalytic reactor, were mounted on the Sandia skid. A new catalytic reactor
was built to provide a larger flow capacity and catalyst entry, and exit nozzles
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DRYER
VESSEL

TRANSFER
PUMP

Figure 14 VERS decontamination section as
received from manufacturer.
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were relocated to facilitate catalyst addition and removal. The VERS exhaust was
interconnected to the GPS so that GPS dryers could be used for water collection.

Where possible the control system elements used for acceptance testing of
the skid were integrated with the microprocessor controlled solid state system
designed by Sandia. As with the GPS, all of the control elements except dis-
connects were removed from the skid and mounted outside the air hood. The
heater control was changed to a silicone controlled rectifier unit, and thermo-
couples were placed in the catalytic reactor to allow for more accurate temper-
ature control and to provide a means for monitoring catalyst performance. The
final VERS skid configuration is shown in Figure 15, and the control panel located
in the TRL control room is shown in Figure 16.

Test Program

The GPS and VERS were subjected to acceptance tests at the manufacturer's
plant, and preoperational and tritium tests in the TRL. Acceptance testing at the
manufacturer's plant verified the ability of the two systems to meet the perform-
ance criteria required by the specification (Tables I and II), with the exception of
the concentration reduction factors, which required tritium testing for verification.
Hydrogen was combusted as part of the acceptance testing to demonstrate that the
catalyst was operating and to provide a source of moisture for loading the first
dryer. The swamping system was used to load the second and third dryers.

Preoperational testing of the systems in the TRL included essentially a re-
peat of the manufacturer's acceptance tests. These tests demonstrated that the
systems installed in the TRL met the processing capacity, pressure control, and
startup operating time, etc., specifications in the actual laboratory operating con-
figuration. The preoperational testin% also included a series of catalyst perform-
ance tests with hydrogen and methane. 2) These tests were run to provide confid-
ence that the catalytic reactors in both systems were operating properly before
tritium was introduced and also to determine the appropriate catalyst operating
temperature.

The final series of tests was made with tritium and tritiated methane(z) to
determine that the systems were capable of achieving the design requirement of
a single-pass concentration reduction factor (ratio of inlet to exhaust concen-
tration) of 1000 per pass for inlet concentrations of 1 part per million. Sensitivity
limitations of gas chromatography required that this confirmation be made with
tritium as the test gas. Tests were run with methane and tritiated methane be-
cause tritiated hydrocarbons are expected to be present in both systems,(3) parti-
cularly in the VERS.

GPS and VERS Hydrogen and Methane Tests

The GPS tests were performed first. Approximately ten runs were made to
assess the system operation before the parameters were selected for tests meas-
uring temperature effects upon catalyst performance. The VERS test parameters
were selected as a result of this experience. The test parameters used are
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Figure 15 VERS skid final configuration.
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Figure 16 VERS control panel.
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summarized in Table III. Inlet concentrations were chosen to provide a reason-
able range of detection for the gas chromatograph.

Table III Hydrogen and methane test parameters.

Inlet Catalyst
Flow Rate Concentration Temperature
System = Test Gas (std m3 hr-1) (ppm) (°K)
GPS Hydrogen 340 120 316-743
GPS Methane 261 700 316-810
VERS Hydrogen 16. 4 100 302
VERS Methane 13.3 2000 302-810

The test gases along with nitrogen and combustion air were injected up-
stream of the catalytic reactor, and inlet and exhaust concentrations were meas-
ured with a gas chromatograph upstream and downstream of the catalytic reactor,
respectively. Combustion air was injected in excess of stoichiometric require-
ments. The results of the GPS catalyst temperature tests are displayed in Figure
17 for both hydrogen and methane. Temperatures below 316 K were not achievable
because of the heat of compression generated by the circulation blowers.

104 -
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—— -3
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B METHANE 700 PPM 4
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Figure 17 Effect of GPS catalyst temperature on concentration reduction factor.
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A glove box cleanup test was also run with methane to determine the rate at
which a contaminant could be removed from the glove box atmosphere. Methane
was injected into a nitrogen filled glove box until an initial concentration of 500
ppm was achieved. The box atmosphere was then processed by the GPS. The
results are presented in Figure 18.

EXPONENTIAL DILUTION

T TTTTI
y o3 el

T T T
Ltoa gl

100

GLOVE BOX METHANE CONCENTRATION (PPM)

T T T 1770

o1l
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102 A
0

TIME (MIN.)

Figure 18 Glove box cleanup test results.

The VERS test results, though similar, cannot be directly compared to those

for the GPS since the catalyst residence time for the VERS is approximately 2.5
times that for the GPS. At 320 K, the lowest temperature achievable, the VERS
exhaust hydrogen concentration was below the detection limit of the chromato-
graph, 0.1 ppm. The results of the methane test were essentially the same as

for the GPS (Figure 16) and show that to achieve concentration reduction factors
greater than 1000, the catalyst must be operated at temperatures in excess of

750 K for methane.

GPS and VERS Tritium Tests

After the preoperational tests and GPS system modifications had been com-
pleted, both systems were tested with tritium to verify their ability to achieve
concentration reduction factors of 1000 per pass at inlet concentrations of 1 ppm.
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Four tritium tests were run on the GPS at a catalyst temperature of 783 K and a
flow rate of 340 std m3 hr~l. Seven tests, four with tritium and three with tri-
tiated methane, were run on the VERS at a catalyst temperature of 783 K and a
flow rate of 17.0 std m3 hr-1, Hydrogen was added to some test runs to simulate
tritium processing at higher concentrations. All of the tests were run without
water added ahead of the second dryer. The GPS test gases were injected into a
sealed glove box while the VERS test gases were injected into one of the 5.7 m3
holding tanks and then processed through the system. The test results are sum-
marized in Tables IV and V for the GPS and VERS, respectively. Concentration
reduction factors were calculated by dividing the maximum inlet tritium concen-
tration by the maximum exhaust tritium concentration.

Table IV GPS tritium test summary.

Inlet Tritium Exhaust Tritium Concentration

Test Sample Concentration Concentration Reduction
Designation Composition Cim"3 uCi m™3 Factor
GPS T-1 T2 in Nitrogen 0.14 2.0 7.0 x 104
GPS T-2 T2 in Nitrogen 1.3 15.0 8.7x 104'
GPS T-3 Ty & 2. 0% Hg in 9.4 1020.0 9.2 x 103
Nitrogen .
GPS T-4 T2 in Nitrogen 115.0 250.0 4.6 x 105

Table V VERS tritium test summary.

Inlet Tritium Exhaust Tritium Concentration

Test Sample Concentration Concentration™ Reduction
Designation Composition Cim™3 HCim™3 Factor
VERS T-1 T2 in Nitrogen 0.18 £1.0 21.8x 105
VERS T-2 T2 in Nitrogen 0.18 £1.0 21.8x 105
VERS CH3 T-1 CHST in Nitrogen 0.18 1.0 21.8x 105
VERS CHg T-2 CH3T in Nitrogen 1.8 1.0 Z1.8x 106
VERS CH3 T-4 CH3T & 0.5% Hy 7.4 £1.0 27.0x 106
in Nitrogen

VERS T-5 To & 0.5% H, in 13.2 £1.0 21.3x 10°
Nitrogen

VERS T-6 Tgo & 2.0% Hg in 132.0 =1.0 £21.3x 108
Nitrogen

1.0 MCi m“3 is the least count of the tritium monitor.
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An uncertainty of approximately 30 percent should be applied to the GPS con-
centration reduction factors because of inaccuracies both with tritium measure-
ments and data acquisition methods.

An uncertainty of approximately 50 percent should be applied to the VERS
concentration reduction factors because of inaccuracies with tritium measure-
ments at the 1 #Ci m~3 level of concentration.

Summary

The concept of providing both personnel safety and environmental protection
from tritium on a laboratory-wide basis by employing a secondary containment
system of sealed glove boxes connected to two central decontamination systems
has been implemented by Sandia Laboratories Livermore. Acceptance tests at
the manufacturer's plant and preoperational tests in the Tritium Research Labo-
ratory have demonstrated that the systems meet their design specifications and
that glove box cleanup rates approaching exponential dilution can be achieved.

The tritium test program to date has demonstrated that both the Gas Purifi-
cation System and Vacuum Effluent Recovery System perform 10-1000 times
better than required by the design specifications, and that tritium removal systems
can be designed to achieve concentration reduction factors much in excess of 1000
per pass at inlet concentrations of 1 part per million or less for tritium and for
tritiated methane.

References

1. P. D. Gildea et al., "A Tritium Systems Test Facility Volume II:
Appendixes, "' Sandia Laboratories, Livermore, SAND76-8053,
October 1976, pp. 57-59.

2. P. D. Gildea, W. R. Wall, and V. P. Gede, "Results of Tritium Tests
Performed on Sandia Laboratories Decontamination System, ' Sandia
Laboratories, Livermore, SAND77-8766, May 1978,

3. J. C. Bixel and C. J. Kershner, "A Study of Catalytic Oxidation and
Oxide Adsorption for the Removal of Tritium From Air, " in Proceedings
of the Second AEC Environmental Protection Conference, WASH-1332(74),
April 16-19, 1974.

165




15th DOE NUCLEAR AIR CLEANING CONFERENCE

DISCUSSION

KAPAST: How was the tritiated moisture removed from the dryer beds, as
liquid or solid?

GILDEA: Water is removed from the dryers in the liquid form by a regenera-
tion system. The liquid water is collected in a room temperature separator and
then drained into a mole sieve trap for disposal.

KAPAST: Was swamping used in achieving the decontamination factor you cited?

GILDEA: The equipment provides the capability for water swamping ahead of
the second dryer. However, swamping was not used on the tests reported in this
paper.

FREEMAN: Are your systems located in an open room with only arrangements for
a glove box for removal of the heater?

GILDEA: That is essentially correct. The equipment is located in the equi-
valent of a walk-in hood. However, this hood does not provide for personal protec-
tion during maintenance operations. A glove box mounting arrangement is provided
for heater removal/replacement since it requires opening a very large volume of the
system to the room.

FREEMAN: Do you anticipate problems with contamination when performing other
maintenance procedures?

GILDEA: The isolation valve-purge port arrangement is expected to minimize
contamination problems for most maintenance operations.

ANON. : Will the N, used to regenerate the molecular sieves be reused since
there will be some tritium oxide left in the gas stream even after moisture removal
by condensation?

GILDEA: Yes, the nitrogen in the regeneration system is just left there un-
til the next regeneration cycle is required. However, the majority of the moisture
picked up by the nitrogen is put back on the sieve bed during the cooldown part of
the cycle.

BRUGGEMAN: Please comment on the time scheme you use for the regeneration of
your GPS dryers.

GILDEA: The regeneration process takes from 6-8 hours. Hot nitrogen is cir-
culated through the sieve beds until the bed reaches 600°F, at which time the cool
down cycle starts.

BRUGGEMAN: Do you have to add oxygen anywhere in your systems?

GILDEA: We add air ahead of the system blowers in order to provide oxygen
for combustion of the tritium.
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*
TRITIUM REMOVAL USING VANADIUM HYDRIDE

F. B. Hill, Y. W. Wong, and Y. N. Chan
Department of Energy and Environment
Brookhaven National Laboratory
Upton, NY 11973

Abstract

The results of an initial examination of the feasibility of
separation of tritium from gaseous protium-tritium mixtures using
vanadium hydride in cyclic processes are reported. Interest was drawn
to the vanadium-hydrogen system because of the so-called inverse iso-
tope effect exhibited by this system. Thus the tritide is more stable
than the protide, a fact which makes the system attractive for re-
moval of tritium from a mixture in which the light isotope predomi-
nates. The initial results of three phases of the research program
are reported, dealing with studies of the equilibrium and kinetics
properties of isotope exchange, development of an equilibrium theory
of isotope separation via heatless adsorption, and experiments on the
performance of a single heatless adsorption stage.

In the equilibrium and kinetics studies, measurements were made
of pressure-composition isotherms, the HT-Hy separation factor and
rates of HT-Hy exchange. This information was used to evaluate con-
stants in the theory and to understand the performance of the heatless
adsorption experiments.

9 recently developed equilibrium theory of heatless adsorp-
tion(17) was applied to the HT-H; separation using vanadium hydride.
Using the theory it was predicted that no separation would occur by
pressure cycling wholly within the g phase but that separation would
occur by cycling between the B and y phases and using high purge-to-
feed ratios.

Heatless adsorption experiments conducted within the B phase
led to inverse separations rather than no separation. A kinetic
isotope effect may be responsible. Cycling between the B and Yy
phases led to separation but not to the predicted complete removal of
HT from the product stream, possibly because of finite rates of
exchange.

Further experimental and theoretical work is suggested which
should ultimately make possible assessment of the feasibility and
practicability of hydrogen isotope separation by this approach.

I. Introduction

Isotope effects are commonly observed in metal hydrides. The
usual finding is that stability increases in the order tritide,
deuteride, protide. The vanadium-hydrogen system is one of the few
exceptions in that stability increases in the reverse order. An
inverse isotope effect may be of value in separating mixtures of

*This work was supported by the Division of Chemical Sciences, U.S.
Department of Energy, Washington, D.C., under Contract No.
EY-76-C~02-0016.
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hydrogen isotopes consisting mainly of protium with a trace of a
heavier isotope, deuterium or tritium.

With this viewpoint in mind, an investigation of the feasibility
of removal of tritium from a gaseous protium-tritium mixture using
vanadium hydride has been undertaken. The investigation was formu-
lated and is being carried out with the idea in mind of using cyclic
processes such as heatless adsorption (cycling pressure) or cycling
zone adsorption (cycling temperature) to carry out the separation.
Heatless adsorption has been the process studied to date. Three
topics have been examined and are discussed in the present paper:
equilibrium and kinetics properties of isotope exchange in the
vanadium-hydrogen system, the theory of isotope exchange via heatless
adsorption, and the performance of a single heatless adsorption stage.

IT. Equilibrium and Kinetics Studies

Experimental information needed for development of a theory of
isotope separation via heatless adsorption using vanadium hydride and
in general needed for the design and analysis of isotope separation
processes using this system includes pressure-composition isotherms
for Hp, the HT-Hy separation factor, and information on rates of
attainment of equilibrium in isotope exchange. Experimental studies
to obtain this information are described briefly in this section.
Details are available elsewhere. (1

Materials

Hydrogen was obtained from the Matheson Gas Co., Rutherford,

N.J., with a purity of 99.999%. Gaseous tritium was obtained from
the New England Nuclear Corp., Boston, Mass., in the form of a one-
curie ampoule, carrier free. A master batch of tritiated hydrogen
(approximately 4 x 10-9 mole fraction HT in Hy) was prepared by di-
luting the tritium with ~3 m3 of the Matheson hydrogen. Ingots of
vanadium were obtained from the Gallard-Schlesinger Chemical Manu-
facturing Corp., Carle Place, N.Y. The vanadium purity was 99.5% V
minimum with major impurities in percent, 0.15 Si, 0.05 Fe, 0.04 N,
0.02 0, 0.03 C, 0.01 all other metals. Upon receipt the ingots were
partially hydrided to facilitate crushing and sizing with standard
sieves.

Pressure-Composition Isotherms

These measurementﬁ were made using the techniques and apparatus
of Reilly and Wiswall. Measurements were made in the VHn, g
VH, 1.8 region at temperatures from 0° to 250°C, and pressures grom
approx1mately atmospheric to 7000 kPa (1000 psi). The results are
shown in Figure 1. The plateau pressures, corresponding to dihydride
dlssoc1a§}on, were approximately twice those reported by Reilly and
wWiswall( for hydride made from zone-refined V, thus reflecting the
strong influence of impurities. Hydrogen content of hydrides made
from commercial grade V was lower than that for hydrides from zone
refined V. TImpurities were found to exert no significant influence
on the temperature dependence of the plateau ?ressures, confirming
the earlier findings of Reilly and Wiswall.
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Figure 1. Pressure-composition isotherm data for the
vanadium (commercial grade)-hydrogen system.

Also shown in Figure 1 is a comparison of the present data with

the pred%g?ions of a semi-empirical formula due to Veleckis and
Edwards:

i
In p ? = 10.283 + 1.0598 In 5—§%:3 +
1 2
$(-3489.2 - 3269.0p + 2563.0p
3 4
- 732.39p” + 4818.3p") - (1)

Agreement with this relation is good at high temperature and at
pressures below the dihydride dissociation pressure. Equation (1)
was developed by fitting pressure-composition data for the o phase to
a model based on simple interstitial solution of hydrogen atoms in a
perfect crystalline lattice. Thus this model appears to apply also
to the B phase at higher temperatures.

The distribution coefficient for Hy, KHZ = CH/CHZ' was calcula=-
ted from the isotherm data as follows. From the perfect gas law,
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C = — (2)

The equilibrium concentration of hydrogen atoms in the solid phase

is given by
Cq = o/[50.95 + l.OOSp] (3)
e

S

where p is the hydrogen-to-vanadium ratio corresponding to the
pressure P on the isotherm, 50.95 and 1.008 are the atomic weights
of V and H and pg is the density of vanadium hydride in g/cm3. As
indicated above, the distribution coefficient is the quotient,

CH/CH2 .

Chromatography Experiments

Separation factors and rate information were obtained from
chromatography experiments in which pulses of tritiated hydrogen were
eluted from a column packed with vanadium hydride particles. The
eluted pulses were detected by means of an internal proportional
counter. First and second moments of these pulses were determined in
an extensive series of experiments in which particle size, tempera-
ture, pressure and hydrogen flow rate were variables.

The first and second moment data were interpreted in terms of a
theoretical model of mass transfer and exchange reaction. In this
model the exchange reaction occurring at the gas-solid interface is

ke
HT(g) + H(s) Z H,(g) + T(s) (4)
T
k
r
The overall exchange process is postulated to occur in the following
steps in series: diffusion of HT through a gas film surrounding a
hydride particle, exchange at the gas-solid interface via reaction
(4) , and diffusion of T atoms into the interior of the particle. Also
dispersion of HT in the gas phase occurs in the axial direction.

For this model it can be shown that the first absolute moment
(elution time) and second central moment (variance) are related to
equilibrium and rate constants of the constituent processes of the
model by the following relations:

’ t
Wpth) = (1+TEKH2)E+_§' (3)
[0
2 Ky
Hy(he = z ;e % Ky 3D =+ léD ré
2 HT-H,
Q
- K 2
2 “H t
2 - o 2 1] 2h 0
+ T + E, (1 + =3 KH2 ) -7§f St T3 (6)
£°H 4
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An assumption implicit in Equation (6) is that the flow in the column
is laminar.

By inspection of Equation (5) it is apparent that by using
values of ui(h), KHZ' h, u, and tg in this equation one can evaluate

o, the HT-Hy separation factor. The distribution coefficient, KHZ'

is obtained for this purpose from the pressure-composition isotherms
as indicated in the previous section. Similarly, Equation (6) can be
used to evaluate rate information. The details of this evaluation
are given by Wong and Hill.

The chromatography experiments were conducted over the tem-
perature range 40° to 307°C and over the pressure range 210 to 1030
kPa (30 to 150 psi). Hydrogen flow rates were varied from 80 to 400
standard cm3/min. Four particle sizes were used: 40/45 mesh (380 um
geometric average diameter), 30/40 (500), 20/25 (770), and 16/20
(1000). Values of the separation factor, o, determined from first
moment data are plotted versus temperature in Figure 2. It may be

I 1 I I I T
0 CHROMATOGRAPHY EXPERIMENT,
PRESENT WORK

1.5 - x BATCH CONTACTING EXPERIMENT, 7]
PRESENT WORK

lal o 0 BATCH CONTACTING EXPERIMENT,
. WISWALL AND REILLY (I1972)

1

a, HT -H, SEPARATION FACTOR FOR VH_g7

.0
0 50 100 i50 200 250 300 350
T,°C
9-228-78
Figure 2. HT-H, separation factors for

B vanadium hydride.

shown that o is not a function of pressure. (1) This behavior is
expected since o is held to be related to the Einstein vibration
frequencies of the isotopes in the metal lattice(6) and hence should
be a function of lattice structure and temperature only. It is
generally true that isotope effects disappear, i.e., a » 1, at high
temperature.(7) As a result, the magnitude of the measured o was
expected to decrease with temperature. This was found to be so
experimentally. It is interesting that there is no discontinuity
in the variation of o with temperature in the range 160° to 180°C
where a transition from the B8 to the o phase occurs. (8)  Also shown
in Figure 2 are separation factors obtained by Wiswall and Reilly(9)
and in this work using the batch contacting technique of Tanaka,
Wiswall and Reilly.(10) Good agreement exists between the data for
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the two types of experiments, thus demonstrating as did Schneider and
smith(l1)" that values of equilibrium properties can be accurately
determined from kinetic measurements. Also agreement is good between
data for hydrides derived from pure and commercial grade V (Wiswall
and Reilly's data are for zone refined V). The presence or absence
of impurities seemed to have no influence on separation factor.

By suitable representation of second moment data it was possible
to show that the term in square brackets in Equation (6) did not vary
with particle size and thus that this term was essentially equal to

*
% KHZ/(kECH)‘ This term represents the resistance due to the exchange

reaction. The terms multiplied by r2 represent the resistances due
to external diffusion and solid phase diffusion. The implication is
that the exchange reaction is controlling.

With knowledge that the first term in square brackets in
Equation (6) is small compared with the second, this equation was
used in combination with values of ¢, o, and KH2 to determine values

*
of kECH for each set of temperature and pressure conditions;c For
purposes which will become apparent below each value of kECH was then
multiplied by Cﬁz = P/RT, where the values of P and T were those

*
corresponding to the exgeriments from which the value of kECH was
derived. Values of kECHC§2 so determined are shown in Figure 3. The
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Figure 3. Pressure and temperature dependence
of the exchange reaction rate.
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temperature and pressure dependence of k%CﬁCﬁ was found to be given

by 2
* k

kT C = 4,06 PO'7 exp (-

f H H2

where P is in kPa and the activation energy is in joule/gm-mole.

24600

3 .
=T }) gm mole/cm” -min, (7)

For the purpose of examining the significance of the tempera-
ture and pressure dependence of the exchange reaction rate it is
convenient to proceed as follows. The rate of disappearance of HT is
given by kEC Char. This rate may be expressed in terms of the rate of
the hydrogen exchange reaction

kH
Hy(g) + H(s) 2. H,(g) + H(s) (8)
kH
r
as follows:
T *
k C
T * | * _ f H.* * THT
keColup = —7 KeluCu. —+ (9)
k 2 C
f H
2
*
CHT
= I. R
f "ex . *
CH
2
As one can see,the product of the hydrogen exchange rate, and

the forward isotope effect, Ig, is 1dent1cally the left hang side of
Equation (7). The forward isotope effect is 1ndegendent of pressure
and is a slowly varying function of temperature. Hence all of the
pressure dependence and substantially all of the temperature depen-
dence of Equation (7) may be ascribed to the hydrogen exchange rate
Rex- The pressure dependence of the hydrogen exchange reaction rate
may range from p0 to pl according to the detailed nature of the

mechanism of chemisorption and reaction of Hp. Three such mechanisms
together with their pressure dependen01§s are those of Bonhoeffer and
Farkas (PO), Rideal-Eley, two site (p0 , and_Rideal-Eley, single

site (pl). a pressure dependence given by P¥-/ can be ascribed to a

mixture of contributions from all three mechanisms. Alternately, the
explanation of Scholten and Konvalinka (12 may be valid. They found
a pressure dependence of P0-.64 for the rate of hydrogen exchange on 8
palladium hydridg This pressure dependence closely approximated the
variation with P /3 found for a mechanism based on a surface composi—
tion of Pd3H,; (approximately the composition of PdHO 68 used experi-
mentally) and the assumption that the rate of reactidon was propor-
tional to the number of Hy collisions with the surface and the chance
of encounter with a free Pd atom. The same argument would apply to
the B8 vanadium hydride system with its approximate composition V3Hj.
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The temperature dependence of the hydroge? e¥change rate is in
the range expected for activated chemisorption. 13

Also obtainable from second moment data are values of the axial
dispersion coefficient, E,. These were found to be just slightly
greater than expectations based on molecular diffusion only. Thus
some additional mechanism of axial mixing appeared to have been
present.

ITI. Theory

In this section an equilibrium theory of hydrogen isotope
separation via heatless adsorption using vanadium hydride is presented.
First a brief description of the heatless adsorption process is given.

Heatless adsorption is a cyclic separation process involving two
adsorption beds. Each cycle consists of four steps (Figure 4). In

STEP 1 STEP 2 STEP 3 STEP 4

HIGH LOW
PRESSURE PRESSURE PRESSURIZATION
FEED B8LOWDOWN PURGE WITH FEED

l I | l

t

-
%{ PRODUCT PRODUCT

T |

LOwW PRESSURIZATION HIGH
PRESSURE WITH FEED PRESSURE
PURGE FEED

BLOWDOWN

Figure 4. Steps in a cycle of heatless adsorption.

the first step, a high pressure feed mixture is continuously supplied
to Bed 1, and during this step sorbable components are taken up. A
portion of the purified Bed 1 effluent is taken off as product and
the remainder is throttled down to a lower pressure and is supplied
to Bed 2 and serves to purge previously sorbed species. In the
second step Bed 2 is pressurized with the feed and Bed 1 undergoes
depressurization or blowdown to the purge pressure. The third and
fourth steps are the same as the first two except that the points of
feed introduction and purge and blowdown removal are reversed with
respect to Beds 1 and 2. Heatless adsorption has the unusual charac-
teristic that if a sufficiently high fraction of the feed is used as
purge and if the cycle time is sufficiently long then at steady state
the product stream will be completely free of adsorbable or preferen-
tially adsorbable components.
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Shendalman and Mitchell(l4) have presented an equilibrium theory
of heatless adsorption. Their theory was based on the following
assumptions.

1. The feed consists of a nonadsorbing carrier gas containing
a trace amount of an adsorbing component.

2. The adsorbing component obeys a linear distribution law.
3. Equilibrium is instantaneously established between phases.
4. The system is isothermal.

5. Dispersion axially is negligible.

6. Flow and composition are uniform radially.

7. The frictional pressure drop across a bed due to flow is
negligible.

8. The ideal gas law is valid.

Development of the theor{ ?roceeded along the lines of the 16)
theory of parametric pumping.( > The penetration distance concept(
was employed. The novel feature in heatless adsorption which it was

necessary to treat was the presence of pressurization and blowdown
steps.

The theory presented by Shendalman and Mitchell is conceptually
valid in its prediction of the rate of movement of concentration
characteristics during the feed and purge step, concentration changes
occurring within the column as the result of pressure changes, and
the critical purge-to-feed ratio (the minimum value required for
complete column cleanup). However an error was made in the calcula-
tion of sorbing component uptake during pressurization, which can
lead to significant overestimation of that quantity and consequently
to incorrect values of the average blowdown and purge concentrations.

The calculation of sorbing component uptake during pressuriza-
tion was recently correctly described by Chan, et al.(17)" and the
complete corrected theory was presented. Also the theory was ex-
tended to the case in which the carrier is also adsorbed.

In this section of the paper the theory of Chan, et al.(l7) is
applied to the removal of a trace level of HT from a stream of Hjp
using vanadium hydride. The principal modification of the original
theory required is the introduction of the proper isotherm. For the
sake of brevity, the theory will be presented in outline form for a
separation conducted wholly within the B phase.

In the B phase, (VH,q_ g — VH,p g) a pressure-composition
isotherm for Hp (see Figure g) may be represented by

Inp = acCy+b (10)
where a and b are functions of temperature.
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We define the HT-H, separation factor as follows:

C C
T HT
o = o = (11)
( “n )/(ZCH2 )

where o is a function of temperature.

A balance for Hy, over a differential length of a column is

-
BCHZ B(uCHZ) L 8CH
e ST + 52 + (l—s)f i 0 (12)
A similar balance for T atoms is
FBC of uC aC
HT (“Cur) T
£ ST + N + (l-¢) T 0 (13)

With the use ofagquations (10) and (11) and the perfect gas

aC
law, expressions for ~2 and —t may be derived. By using these ex-

pressions, the perfec%tgas law, and assumption 7 in Equations (12)
and (13) the following equations may be obtained:

e, Q-] ep, epou _
[RT T T2ap ] 5t * RT 3z  ° (14)

€pP - & 3y , €uP 3y _ y_.yl-o y 3P _
[RT + (1-e)3 Cy ] 5t T RT3z - (47€) 0 (15)

The method of characteristics is applied to these equations
(Shendalman and Mitchell,(14) Chan, et al.(l7)) with the following

results. During process steps occurring at constant pressure (feed
and purge steps) the movement of characteristics is described by

33
dz _ RT u (16)
dt EP & (1-€)2 C
RT 2 H
Let
€P
B = eP = o, (17
RT + (l—E)E CH

Then the penetration distances for high and low pressure concentra-
tion fronts are

LH = BHuHAt (18)

LL = BLuLAt (19)
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During pressure changes the movement of characteristics and changes
in concentration are given by

Zy 72 7t UE;;)
n z; —,/ €D+ (1-€)=%(1np=b) = (20
leT 2a P
Yy 72 (1-¢) %ﬁ%
1n §— =/ =5 5 dp (21)
1 b. RT + (l—e)ia(lnp-b)

RT
1

or, defining E(P5,P;) and F(P2,P]) as the exponentials of the right
hand sides of Equations (20) and (21),

z E(PH,PL)z (22)

H L

The net displacement of a concentration front during a complete
cycle of operation can be shown to be

AL = LL - E(PL,PH)LH (24)

For AL

0,

LL
= = E(Pg,Pp) (25)

LH
The fraction of the feed which is rejected as purge when AL = 0 may
be calculated from this equation by multiplying by the ratio, Pr/Pg.
This fraction is called the critical purge-to-feed ratio:

P

— L
Cerit = EPy,Pp) 2 (26)
When L /L, 2 Gerit and Ly £ h, it may be shown that
: Pr _
fmy, " = 0 (27)

or that the product stream will be completely free of preferentially
sorbable component at steady state.

During the pressurization step the HT contained within the
column at the outset of the pressure change will move as dictated by
Equation (20) and will experience concentration changes in accordance
with Equation (21). In particular, HT at z = h when t = t; (see
Figure 5) will move to z = A by the time t = t,. Therefore at the
end of the pressurization step the section of the column defined by
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REGION OF LOCATION OF
SORBING SPECIES INTRODUCED
DURING PRESSURIZATION

Figure 5. The pressurization step in heatless adsorption.

A<z=Zh will be occupied by all of the HT which entered the column
during the pressurization step. Shendalman and Mitchell assumed the
gas phase mole fraction within this section would be uniformly equal
to the feed mole fraction, yp. That this cannot be so may be shown
simply as follows. During pressurization as one moves from left to
right along z = h in Figure 5, the pressure is increasing continu-
ously. Therefore gas introduced into the column at different times
will "see" different initial pressures with the result that the
lower limit on the integrals in Equations (20) and (21) changes along
z = h. The mole fraction of HT at t = t; then varies within the
section of the column of interest from a value at A resulting from a
low pressure limit of Py in Equation (21) to the value yp at z = h
corresponding to P; = Py.

In the case of a linear isotherm(17) an analytical relation
defining the mole fraction distribution within ASzSh can be obtained.
In the present case Equations (20) and (21) are integrated numeri-
cally with z; = h and y; = yp for values of P; between Py and Py.
Pairs of values {yj,zi} along t = t, are thereby obtained which can
be fitted satisfactorily by a regression procedure. This method does
lead to a good mass balance between HT introduced to the column
during pressurization and the HT contained in A<z<h after
pressurization.

Using the relations obtained thus far a difference equation may
be derived relating the purge mole fraction after n cycles of
operation to the feed mole fraction, to yzy, the average mole frac-
tion introduced during pressurization, and to product mole fractions
of earlier cycles. The difference equation is obtained by tracing
the movement of concentration fronts through the column:
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1 1
- - Y
Yn L E(P, P Yav
AL AL
L _Pr L Pr
+ q I Yn-r-1 + (1l-q) I Yn-r (28)

Enrichment ratios can now be found. For the blowdown, for
instance, the total amount of protium and the total amount of tritium
in the column before and after blowdown are calculated. From this
information the average mole fraction of HT in the blowdown may be
calculated. The same procedure is followed for the purge. Enrich-
ment ratios are then the ratio of the average mole fraction of HT in
the blowdown or purge to the feed mole fraction. Thus the blowdown
enrichment is

e Y o i TR o |{ Vo) s
b
ﬁT(P ) + (l S)Z(C -C ) (29)

The purge enrichment is by definition

n (30)

For purposes of comparison with experiments to be described in
the next section, calculations were made of the performance of the
heatless adsorption process using equations from the above develop-
ment. All of the calculations were made for apparatus having the
shortest possible columns necessary for complete removal of HT from
the product stream. This condition is realized when the column
height is set equal to the low pressure penetration distance,

h = LL (31)

and when at the same time the column height is equal to the pressur-
ization displacement (h-A in Figure 5) plus the high pressure
penetration distance:

h = h-A + Ly
or

A = LH (32)

Enrichment in such a column is the maximum obtainable. Enrichment
in longer columns will be the same or smaller.

Calculations were made for conditions approximating or
bracketing those used in experiments to be described %n the next sec-
tion. For all calculations h = 45.7 cm, S = 0.472 cm and € = 0.5.
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Single Phase Operating Mode

Separation experiments may be conducted wholly within the 8
phase by cycling the pressure at constant temperature between limits
such that operation occurs along a vertical segment of a pressure-
composition isotherm for which the hydride composition is in the range
VHvg.6 to VHng.g8 (see Figure 1). This means, for instance, if pres-
sures are restricted to the range, say, 100 to 1000 kPa (v15 to 150
psi) that experiments may be conducted at temperatures of 60°C or
higher.

Table I. Calculated performance of heatless adsorption
operating in single phase mode.

L °c o —gcrit —Eov——
100 1.17 0.9985 1.0072
118 1.16 1.001 1.0044
150 1.14 0.9977 1.0076
200 1.12 0.9974 1.0074
250 1.09 0.9966 1.0078

Table I presents the results of calculations of performance in
the single phase region. There it is seen that for temperatures
ranging from 100° to 250°C the critical purge-to-feed ratios are so
high that they are tantamount to total reflux. 1In a corresponding
way the overall enrichments (average value in the combined purge and
blowdown) are extremely small. Thus essentially no separation is
predicted for this mode of operation. For all intents and purposes
this is because the equilibrium hydrogen content of the solid in the
B region varies very little with pressure and the HT-H, separation
factor does not change at all with pressure. For example, with
respect to hydrogen content, as indicated in Figure 1 for the 100°C
isotherm, the hydrogen-to-vanadium ratio, p, increases only by 7
percent between 100 and 1000 kPa.

Two Phase Operating Mode

Significant changes in hydrogen content and separation factor
are possible at lower temperatures where operation over the same
pressure range involves cycling between the B and y phases. Thus, as
an example, at 40°C p would vary from about 0.8 at 100 kPa to approx-
imate1¥ }.7 at 1000 kPa, more than a factor of 2. From Wiswall and
Reilly 2) the HT-H, separation factor in the Yy phase is about 1.7 at
40°C. From Figure 2, it is 1.20 in the B phase at this temperature.

Calculations of process performance when cycling between the
g and vy phaseg were carried out for three different temperatures:
16, 25 and 40°C. The isotherms were represented by a number of
straight lines. The details of this representation were dependent
on the particular low and high pressures chosen for the calculation.
The lines chosen for the 40°C isotherm for instance are shown in
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Figure 6. Representation of pressure-composition

isotherms for operation in the two
phase region.

Figure 6. In making the calculation it was assumed that the separa-
tion factor varied continuously in the two phase region from its
value in the B phase to that in the y phase according to the lever
rule. All of the equations for process performance were modified to
accommodate the two phase isotherm and the accompanying separation
factor variation.

Table II. Calculated performance of heatless adsorption
operating in two phase mode.

Feed flow rate = 250 sccm
Cycle time = 40 min

T, C EL' kPa o, B-phase EH’ kPa o ,yY-phase gcrit —Eov
0 40 1.22 200 1.89 0.766 2.06
25 200 1.21 1000 1.75 0.819 1.41
40 400 1.20 2000 1.66 0.840 1.35

The results of the calculation are given in Table II. There it
may be seen that the critical purge-to-feed ratio ranges from 0.77 to
0.84 as the temperature increases from 0° to 40°C. HT is thus com-
pletely removed from the product stream which ranges in total amount
from 23 to 16 percent of the feed introduced during the high pressure
continuous flow step. Overall enrichment decreases with temperature
from 2.06 to 1.35.
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IV. Performance of a Single Heatless Adsorption Stage

In this section experiments are described on a single heatless
adsorption stage and the results are discussed in the light of pre-
dictions of the equilibrium theory and of the findings of the chroma-
tography experiments.

Apparatus

A schematic diagram of the apparatus is shown in Figure 7. Each
column was made of stainless steel, had an inside diameter of 0.775
cm, and contained 59.4 grams of vanadium hydride particles. The
packed bed had a void fraction of 0.5 and a length of 45.7 cm. The
bed was supported at the bottom by a stainless steel filter. Stain-
less steel wool was used to fill the space above the bed. The tem-
perature of the column was maintained constant by means of a jacket
and constant temperature circulating bath. Resistance heating wires
wrapped around the outside of the jacket were used to raise the
column temperature to levels as high as 450°C for the purpose of
activating the vanadium particles. Hydrogen gas at high pressure was
directed into one column and purge gas at low pressure was introduced
into the other. This was achieved by a so-called feed and purge flow

- TO
—— PROPORTIONAL
EH COUNTER
Gaas )
y
I ih
(P - PRESSURE
JACKETED GAUGE

COLUMNS -MASS FLOW
L \\\\ ® METER

sk -METERING
VALVE

-BACKPRESSURE
TO VENT REGULATOR
ba- SHUT-OFF
VALVE
il il
TO \
VACUUM =-b< b4—= TO VACUUM
— TWO STAGE
FEED & PURGE
FLOWS DIRECTION REGULATOR
CONTROLLER CP CP /

HT-Hp

Figure 7. Schematic diagram of
heatless adsorption
apparatus.

182



15th DOE NUCLEAR AIR CLEANING CONFERENCE

direction controller on the feed side and check valves on the product
side. The flow direction controller consisted of an arrangement of
four air-operated valves actuated by solid state timers. The valves
were operated in such a way that one column was fed while the other
was purged and vice versa.

The purge was derived from the high pressure product stream
Thus part of the stream emerging from the high pressure column was
withdrawn as product and the rest was let down to a lower pressure
and introduced into the low pressure column as purge. The lowering
of the pressure was a direct result of the pressure drop across a
fine metering valve. The high pressure stream was prevented from
entering the low pressure column by a check valve. The pressure
levels at the two columns were maintained by the feed gas regulator
and the respective back pressure regulators. The column pressures
and the pressure drops across the columns were measured by three
high precision pressure gauges. The flow rates of the feed, the
product and the purge were monitored by mass flow meters. All the
valves used, except the fine metering valve, were bellows-sealed
valves. A flow-through groportional counter of the kind described by
Bernstein & Ballantine(l8) was used to monitor the tritium level in
either the product or the purge streams. The gas flowing through the
counter was a mixture of the product gas and P-10 counting gas. They
were combined and mixed in a gas proportioner.

Materials

The materials used were the same as those used in the equilib-
rium and kinetic studies described earlier, with one addition. The
mixture used as_feed in the present experiments was obtained by
diluting 0.07 m3 of the master batch of tritiated hydrogen with about
3 m3 of pure hydrogen.

Procedure

The bed was activated in the following way. After charging the
vanadium particles to the column, the bed was outgassed at 4500C until
a vacuum better than 7 x 10~4 Pa was attained. The bed was then
cooled to room temperature and pressurized with hydrogen to 1030 kPa.
Hydrogen adsorption was very rapid and was accompanied by rapid heat
release. A bed temperature rise of 100°C was not unusual. After
carrying out this procedure twice, the bed was considered to be fully
activated. Prior to each pressure cycling run, column 1 was saturated
with feed gas at high pressure Py and column 2 was saturated with the
same gas at low pressure P;. This was achieved by feeding tritiated
hydrogen gas at Pg to column 1 at a rate of 200 sccm and allowing
the emerging stream to bleed down to low pressure P; and flow through
column 2. The effluent of column 2 was monitored by the internal
proportional counter until a steady state count rate was reached.

The feed, product and purge flow rates were then adjusted to the
conditions desired for the experimental run. The run was started by
activating the solid state timers which controlled the switching of
the air-operated valves. At half cycle intervals, this valve switch-
ing alternately directed feed into one column while allowing purge to
escape from the other. The concentration of tritium in the product
stream was monitored continuously during the whole run. The heatless
adsorption runs were conducted over two distinct regions of the
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pressure-composition diagram of the vanadium-hydrogen system, namely,
the single phase B region and the two phase B-y region. In the
monohydride (B) region, the structure of the hydride phase remained
the same at the two extreme pressure conditions. Also, the change
in hydrogen content of the hydride was small. In the two phase
region the hydride changed from a body-centered tetragonal lattice
structure at low pressure to a face-centered cubic one at high
pressure. The change in hydrogen content was appreciable in this
case. The pressure cycling runs were carried out tg study the

isotope separation as a function of pressure ratio pﬂ, feed to purge
ratio, temperature, and cycle time. L

Results and Discussion

Single Phase Operating Mode. The results of the pressure
cycling runs in the B phase were completely unexpected. Whereas
according to equilibrium theory concepts slight depletion of tritium
in the product stream would be expected to occur at small G, in fact
appreciable enrichment was found. This enrichment was commonly of
the order of 40 percent at steady state and reached a maximum value
of 54 percent in one run. Concentration transients for runs conducted
in the B phase are shown in Figures 8 to 10. The ordinate in these
figures is the mole fraction in the product stream divided by the
mole fraction in the feed. The abcissa is the number of cycles of
operation. 1In all runs a steady state was reached after an initial
transient period of operation, The transients remained cyclic in
nature for those runs with the smaller purge-to-feed ratios, longer
cycle times, and higher feed flow rates. Purge-to-feed ratio
(Figure 8) is seen to have no well defined effect on enrichment.
Thus the enrichment with no purge (G = 0) is little different from
that with substantial purge (G = 0.85). This is advantageous, for
the fraction of the feed which is enriched is greater with G = 0. At
G = 0 the depleted stream consists only of the blowdown. The
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Figure 8. Transients in product concentration

for heatless adsorption experiments
conducted in the B phase: effect
of purge-to-feed ratio.
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blowdown in turn consists of the same volume of Hy per cycle regard-
less of the value of G. Because of this fact the remaining experi-
ments described for the B phase were all conducted with no purge.

Product enrichment increases as the cycle time decreases
(Figure 9) and as the feed flow rate decreases (Figure 10). Data
(not shown) for runs exploring the influence of variation of the
high pressure and the temperature show that product enrichment
increases with both variables but appears to approach a limit (V45
percent) as the high pressure approaches 1400 kPa (%200 psi).

The depletion in the blowdown was not measured because of
experimental difficulty but the amount of the blowdown per cycle was
measured. For Run 8, for instance, Py = 1030 kPa, Pr, = 103 kPa and
T = 100°9C, the blowdown amounted to 0.02 moles Hy, in good agreement
with the value calculated from the pressure-composition isotherm.
Using this value and the measured steady state enrichment in the
product (1.41), we calculate the depletion of HT in the blowdown for
a feed flow rate of 100 sccm to be 9 percent. The total quantity of
product amounts to about 18 percent of the feed. Hydrogen and
tritium balances for this run are shown in Table III. From this
table it is apparent that recycle may be beneficial in increasing
the amount of product enriched and in increasing the depletion in the
blowdown. This possibility is being investigated.

Table III. Hydrogen and tritium balances in
single phase operating mode (Run 8).

Percent
Stream Moles Hy f feea Y¥/¥r
100 sccm X 1 min _
Product 55400 =0.0045 0.18 1.41
Purge 0.0 0.00 -——
Blowdown 0.02 0.82 0.91
Total feed 0.0245 1.00 1.00

Tt should be noted that Runs 1 (Figure 8) and 9 (Figure 10)
were conducted under nominally identical conditions and yet the
ultimate enrichments obtained were noticeably different. The differ-
ence between them was that Run 1 was conducted with freshly activated
beds whereas Run 9 was in fact conducted long after activation. This
difference points up the fact that the beds deteriorate with use,
probably as the result of introduction of impurities such as water
vapor or oxygen which cause inactivation. Activation after every
few runs was required to obtain good reproducibility.

Additional experiments are required to determine the origin of
the inverse separation. A possible cause may be a kinetic isotope
effect. Enrichment of the product stream may result if Hy is more
rapidly absorbed than HT. The inverse separation may well not be
associated with the feed and purge steps in the process. This is
because the time scales of the exchange reaction estimated from the
chromatographic data discussed earlier are somewhat smaller than the
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half-cycle times. Thus % KHZ/(kEC;)' the chemical reaction time in
Equation (6), at 1030 kPa and 100°C is 17 s. From this result one
would expect that exchange taking place during a half cycle of dura-
tion, say, 30 s or more, would be likely to take place under condi-
tions near equilibrium. The inverse separation may therefore arise
in the pressurization and blowdown steps. Those steps are known to
occur very rapidly, perhaps in less than 1 s. A quantitative inves-
tigation of the rates of Hy and HT absorption and desorption in these
steps may disclose whether a kinetic isotope effect may give rise to

the inverse separation. Tritium may be more slowly absorbed and
desorbed than protium.

Two Phase Operating Mode. Experiments were conducted in this
mode by using temperatures of 16° to 50°C and pressures in the range
100 to 1600 kPa (15 to 240 psi). Rates of absorption, desorption and
exchange were known to be small in the y phase and therefore cycle
times of the order of 30 min to 1 hr were used.

This mode of operation did lead to depletion of tritium in the
product stream as expected for the process and as predicted by

equilibrium theory. The maximum depletion found in any run at steady
state was 65 percent.

Transients in HT concentration in the product stream for runs
conducted at 25°C are shown in Figures 11 and 12. The ordinate is
the mole fraction ratio as before but the abscissa is the time of
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Figure 11. Transients in product concentration

for heatless adsorption experiments
conducted in the B and y phases:
effect of purge-to-feed ratio.
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Figure 12. Transients in product concentration
for heatless adsorption experiments
conducted in the B and vy phases:
effect of cycle time.

operation. 1In all cases a steady state is approached after an initial
transient. In all runs but one (Figure 11, Run 14) a cyclic varia-
tion persists throughout the run. The effect of purge-to-feed ratio
is shown in Figure 11. For G = 0.071 (Run 12) the sharp high peaks
are regarded as indicative of incipient feed breakthrough into the
product stream. Depletion in the product stream generally increases
with increasing G. As indicated in the Theory section for Py = 1000
kPa, Py, = 200 kPa, at 259C, Ggrit = 0.82. Therefore only for Runs 13
and 14 where G > 0.82 might complete removal of HT from the product
stream have been expected. Even for these runs steady state non-zero
concentrations were found. Concentration front spreading resulting
from finite rates of exchange and from axial dispersion may have
contributed to the failure to achieve complete HT removal.

The transients shown in Figure 12 indicate no dependence of
depletion on cycle time for cycle times in the range 40 to 80 min.

Additional runs (data not shown) were made to examine the
influence of temperature and high and low pressures. Little change
in depletion was brought about by changes in these variables. The
principal factors in these runs then were (a) cycling across the
dissociation plateau and (b) purge-to-feed ratio. As long as the
temperature and high and low pressures were such as to require
cycling between the B and y phases and as long as G was relatively
high, significant depletion was found in the product stream.
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While it was found possible to obtain depletions of HT in the
product stream of up to 65 percent, at the same time the product
stream represented a small fraction of the feed. Most of the feed
was rejected as slightly enriched purge and blowdown gas. This
circumstance may dictate as with single phase operation the use of
recycle of most of the combined purge and blowdown streams, with the
recycle stream being recompressed to the feed pressure. This con-
cept is currently being explored.

As an example of the relative amounts of purified product and
enriched purge and blowdown, consider Run 14, Figure 1ll. The amount
of the blowdown gas per column per cycle calculated from the pressure-
composition isotherm for the temperature and pressure conditions used
and for the vanadium charge in a column is 0.536 moles Hp. A like
amount of feed must be supplied during repressurization. During
continous supply of feed at high pressure the amount of feed intro-
duced per column per cycle is 280 sccm x 20 min = 5600 scc or 0.25
mole Hy. With G = 0.945 the number of moles of Hy in the purge and
product streams may be calculated. Hydrogen and tritium balances
for the process are given in Table IV. The need for substantial
recycle is apparent. Less recycle would be needed at smaller purge-
to-feed ratios without great change in depletion.

Table 1IV. Hydrogen and tritium balances in
two phase operating mode (Run 14).

Stream Moles H2 ﬂ?rgzzg Y/YF
Product 0.055 x 0.25 = 0.014 2 0.35
Purge 0.945 x 0.25 = 0.236 30 1.01
Blowdown 0.536 68 }

Total feed 0.786 I;E 1.00

In addition to recycle another factor to be considered in the
further development of a process based on the two phase operating
mode is particle attrition. The large change in hydrogen content of
the particles resulting from cycling between the 8 and y phases can
bring about substantial attrition after many cycles of operation.
Indeed such attrition was found in the columns used in the present
work. Attrition is commonly found in the cyclic operations employed
in the use of metal hydrides in hydrogen storage. %3 h effort is
currently being expended to overcome this problem.( Continued
attrition in cyclic processes can lead to excessive pressure drop and
to deformation of confining vessels if vessel design and operation
do not properly allow for this phenomenon.

V. Summary and Concluding Remarks

1. An experimental study of the equilibrium and kinetics
properties of hydrogen isotope exchange on vanadium hydride has been
conducted. For hydrides made from commercial grade V, pressure-
composition isotherms for the B and y phases, HT-H, separation
factors for the B phase, rates of HT-H; exchange for the B phase, and
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axial dispersion coefficients have been determined.

2. An equilibrium theory of hydrogen isotope separation via
heatless adsorption using vanadium hydride has been developed.
Constants in the derived theoretical expressions were evaluated
using the pressure-composition and separation factor data obtained
as indicated above, The theory was then used to calculate process
performance for HT-H7 separation in two operating modes. In the
single (B) phase mode, it was predicted that over a wide temperature
range (100° to 250°C) essentially no separation would be obtained.

For the two (B-y) phase mode, complete removal of HT from the product
stream was predicted for purge-to-feed ratios ranging from 0.77 to
0.84 as the temperature increased from 0° to 40°C. Overall enrichment
in the combined purge and blowdown decreased from 2.06 to 1.34 for the
same temperature range.

3. Experiments were conducted on the performance of heatless
adsorption apparatus in separating HT-H, mixtures using vanadium
hydride. In the single phase mode, enrichment in the product (up to
54 percent) was found whereas no change was expected. A kinetic
isotope effect may be responsible for the inverse separation. Deple-
tion in the product (up to 65 percent) was found as expected when
operating in the two phase mode. For both modes of operation, per-
formance may be enhanced by recycle of the combined purge and blowdown.

4. Future experimental work will involve study of rates of HT
and Hy absorption and desorption during blowdown and repressurization,
investigation of the use of recycle, and examination of the efficacy
of temperature cycling. Theoretical effort will be concentrated on
the performance of temperature cycling processes and on the effect of
finite rates of exchange. Completion of this work will make possible
a conclusive assessment of the usefulness of hydrogen isotope sepa-
ration via cyclic processes based on the use of vanadium hydride.

Notation
a = empirical constant in Equation (10)
A = z~=coordinate of maximum penetration of fresh feed

during pressurization

b = empirical constant in Equation (10)

B = fraction of tritium in gas phase

Ci = concentration of species i

CE,CE = concentration of hydrogen atoms in hydride particles
at high and low pressures, respectively

DHT_H2 = diffusion coefficient of HT in H,

Dp = particle diameter

DS = diffusion coefficient of tritium atoms in hydride

particles
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enrichment in stream i

exponential of right hand side of Equation (20)
axial dispersion coefficient

feed flow rates

exponential of right hand side of Equation (21)

fraction of feed introduced during high pressure flow
step which is rejected as purge

packed height of column
forward kinetic isotope effect
forward and reverse rate constants for reaction (8)

forward and reverse reaction rate constants for
reaction (4)

gas phase mass transfer coefficient

hydrogen distribution coefficient

penetration distance of HT concentration front
number of cycles of heatless adsorption process

the minimum non-negative number such that
(l+r)LL - rE(PH,PL)LHZh

hydrogen pressure, mm Hg
hydrogen pressure

a number such that (r+q)[LL-E(PH,PL)LH] = h—E(PH,PL)LH
particle radius

gas constant

rate of reaction (8)

column cross sectional area
time

pulse duration

temperature

half cycle duration

superficial gas velocity
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y - mole fraction of HT in H,

z = axial distance coordinate

Greek Letters

o = HT-H, separation factor

> = bed void fraction

6 = h/u, bed residence time

ui = first absolute moment (mean)
Uy = second central moment (variance)
o = hydrogen-to-vanadium atom ratio
Py = density of vanadium hydride
T = cycle time

Superscripts

* = pertains to surface

Pr = product

Pg = purge

Subscripts

b = blowdown

crit = critical

F = feed

H = high

L = low

n = pertains to n-th cycle

ov = overall

Pg = purge
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DISCUSSION

CHOI: This process can be best used in detritiating reactor water which
usually has tritium oxide in parts per million range; is there any variation in the
separation (decontamination) factor with the inlet concentration in that range?

WONG: The concentration level of tritium used in our elution chromatogra-
phy experiment was v 10-6 Ci/cm3. The separation factors obtained agreed quite
well with those obtained in a batch reactor in which the tritium level was about
one order of magnitude higher. However, it is a good idea to investigate further
the concentration effect on the separation factor.

KNECHT: What do you see as a commercial application of this method? An es-
timate of the scale required for a D90 reactor or reprocessing plant water clean-up
system would be useful.

WONG: This process has the potential to recover deuterium or tritium from
a hydrogen stream with the protium being used in an ammonia synthesis process to
make the economics of one process more attractive. This process is useful in de-
contaminating tritiated water from nuclear reactors. TFirst, the water has to be
split into hydrogen and oxygen by an electrolytic process. The hydrogen then can
be separated by this process. Finally, the concentrated tritium can be stored as
stable tritides for safe disposal. We are now working on a single stage process.
Multiple-stage processes will be investigated in the future. At that time, scale
of operation and economic feasibility will be looked at.
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STUDY ON THE TRITIUM REMOVAL FROM THE SODIUM IN LMFBR

K. Hata, Y. Nishizawa, Y. Osawa
Mitsubishi Atomic Power Industries, Inc.
Omiya, Japan

Abstract

Removal of tritium in the sodium coolant of LMFBR, is important
for achieving the release of radicactivities as low as reasonably
achievable. It is well known that cold trap should be an effective
method for controlling tritium in sodium. To develop an effective
tritium trapping system with "reactive getter (chemical trap)",
in-sodium hydrogen absorption behavior has been studled.

The absorption experiment was conducted by dipping some test
materials into sodium on which cover gas was composed of an Ar-H,
mixture. Hydrogen analysis and metallographic examination for the
test materials were made after the experiment.

From these experiments, it was concluded that Yttrium canned
with Nickel or Niobium was the most suitable as "reactive getter".
Further investigation to develop the "chemical trap" made from these
materials for practical application has been 1in brogress.

I. Introduction

Tritium 1is produced in LMFBR core by three primary mechanisms;
(1) ternary fission of the fuel, (2) activation of boron in the B,C
control rods, and (3) activation of boron and lithium impurities
presented in the fuel and sodium. Most of the tritium generated in
the reactor core, 1s expected to be released into the coolant sodium.
For achieving the release of radlcactivities to the environment as low
as reasonably achievable, tritium is one of the most difficult radio-
active isotopes to control in LMFBR. Because, as an l1sotope of
hydrogen, it diffuses easily through the structural materials at the
LMFBR temperatures.

Cold trap is well known to be an effective method in containing
tritium and preventing its release. Although this method 1s employed
efficiently, however, it is estimated that a considerable amount of
tritium would be released!?.

For the purpose of developing a tritium trapping method with
"reactive getter", which should be more effective than the usual cold
trap method, the screening test of the materials which might be sult-
able as the getter, has been performed.

This paper discribes the results of the test for some materials,
with respect to their in-sodium hydrogen absorption behavior and
thelr feasibility as the getter.
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II. Principle of Chemical-Trapping Method

In the sodium-hydrogen system, the solubility of hydrogen in
sodium has been recently reported by D. R. Vissers et al.2?, as
follows.

S =1.0 x 1072 exp (- 6%50 + 61.52) {atoms—H/g-Na} (1)

Subsitution of a cold trap temperatures (°K) for T in equation
(1) gives the minimum hydrogen concentrations in sodium that can be
attained by the cold trap method. For example, it 1s shown in FIG.2
that they come to 1 x 10'7 (atoms-H/g-Na) when cold trap is cont-
rolled at 150 °C.

In the unsaturated solution ranges of the Na-H system, equilib-
rium would be established between hydrogen in gas phase and hydrogen
in solution;

£ H, (gas) ¥ H (in solution in Na) (2)

The equilibrium can be expressed by the following equation;

1
C = K-P? (3)

where C: concentration of hydrogen in the solution

K: Sievert's constant

P: hydrogen pressure
Equation (3) is known as Sievert's law which states that the solubili-
ty of hydrogen in sodium is proportional to the square root of the
hydrogen pressure. The Sievert's constant for the sodlum-hydrogen
system was reported as follows, and to be unsensitive to small varia-
tion in temperature?®.

1
K =8.3 x 10%'? {(atoms—H/g—Na)/(atm)z} at 450°C (4)

In a metal-hydrogen system, if the system forms hydride phase,
pressure-composition isotherms such as those shown in FIG. 1 are
generally obtained.

/ TEMPERATURE :
/ T, K T3>To>Ty

PRESSURE

— = HYDROGEN
=3

= ()~ (B) 4 (©
T HYDROGEN CONCENTRATION IN METAL

FIGURE 1 GENERAL PRESSURE - COMPOSITION ISOTHERMS FOR AN M~H SYSTEM
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In FIG. 1 the region (A) shows solid solution of hydrogen in a
metal, and the region (B) shows 2-phase coexistence of saturated
solid solutien and a hydride. In the plateau-pressure region (B),
log P vs. 1/T can be expressed in the following equation which is
sometimes called Van't Hoff isochore.

log P = - & + B (5)

where P: hydrogen dissociation pressure

T: temperature (°K)

A, B: constants
A and B in equation (5) have been reported in many metal-hydrogen
system".

If a metal, which has a strong tendency to combine with hydro-
gen and accordingly exibits a low hydrogen plateau-pressure, were
sufficiently added to the sodium~hydrogen system at temperature T,,
some hydrogen in solution in sodium would be removed into the metal
to form the hydride. Finally, equilibrated hydrogen concentration in
the sodium can be calculated from equation (3), (4), (5), as follows.
1( A

¢, = k-102(~ 7,7 B

(6)

This is the principle which chemical trap method is based on.
The graphs, log C vs. 1/T for some metals, which form stable hydribes,
are shown in FIG. 2 together with the hydrogen solubility curve of
equation (1).

) 600 500 400 300 200 150
102]_ 1 1 I i L 1 .
= i —~— TEMPERATURE (°C)
2 HYDROGEN SOLUBILITY IN Na .
60 1020 :
~. '
T MINIMUM LIMIT BY
o) 19
£ 1013} COLD TRAPPING
~ 1018_ !
= !
(@] |
H ——————————
E s 10L7F
2z
=
5T 1016
g
O La-(Na)-H
15
= 10151
g 1
L
g 10 Y~-(Na)-H
s - Sc—-(Na)-H
O Ny e T T2 1% 18 70 37 23

——= RECIPROCAL OF TEMPERATURE (1/T x 103)

FIGURE 2
CALCULATED HYDROGEN CONCENTRATION vs. RECIPROCAL OF TEMPERATURE
FOR SOME HYPOTHETICAL M-Na-H EQUILIBRIUM SYSTEM
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ITI. Experimental

Apparatus

The apparatus for the in-sodium hydrogen absorption experiment
is shown in FIG. 3. The main constituents were a charge tank
(160 dia. x 230 height), a test tank (160 dia. x 230 height) and
piping/valves (21.7 dia.). The electric heating system and the cover-
gas supply/evacuate system were also attached. The apparatus was com-

posed entirely of 304 stainless steel except for zirconium~foil
arranged in the charge tank.

-

CHARGE TANK
—— ($160x230)

Zr FOIL

[ S Y

N

Cover Gas Na VALVE
Supply System

g; FLANGE

famal
| n—
g —

= 0—0—0—0—0—0-—<0—
" Tﬂ\\N SAMPLE HOLDER

’I_iﬂ - TEST TANK
o - (6160x230)

Na SAMPLE

FIGURE 3
EXPERIMENTAL APPARATUS

Sample Preparation

Test materials for the experiment were selected in considera-

tion of their hydrogen affinity, their compatibility with hot sodium,
and their availability.
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Titanium (Ti) exhibits a wide solid solution region (v 10 at %H,
at 300 ~ 600 °C), and is often used as good hydrogen absorbent.
Zirconium (Zr) is a stable hydride former. (See FIG. 2) Ti and Zr are
commonly available and compatible with hot sodium. Ti and Zr have a
tendency to be oxidized in sodium which contains some oxygen.
Generally surface oxide film is known to sometimes interfere, and/or
reduce the permeation of hydrogen. Therefore, to examine an effect
of surface oxide film on hydrogen absorption, we prepared, as test