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ENVIRONMENTAL AND SAFETY ENVELOPE ANALYSIS FOR INERTIAL FUSION APPLICATIONS®

Joyce Gross Freiwald, Jokn H. Pendergrass, and Thurman G. Frank

Los Alamos Scientific Laboratory
University of California
Los Alamos, New Mexico B75u45

This paper describes an envelope analysis concept and a generlc process flow
model which together can be used to identify and isolate plant functions and
provide for detailed mass- and energy-balanoce bookkeeping for environmental and

gsafety studies.

Los Alamos Scilentific Laboratory's (LASL) two laser fusion power
planlL concepts were analyzed with this aoproach.

Samples of the detailed tables

of material flow rates into and out of an envelope are presented in this paper.
The tritium and lithium inventories and alr activation were identified as having
important potential environmental problems and safety risks.

™e purposes of this paper are to describe
an en.elope analysls concept for use in
environmental and safety studies and to provide
1 boo«xeeping scheme tc¢ integrate environmental
and safety vrescarch in the development of a
Lechnology. These concepis have been applied to
two laser fusjion power plant desligns tuv show how
they can be usged. Samples of the detalled
resdlts have been selected and presented In this
paper.

Background
Typlically, delaliled environmental and
salety anilyses of new technologies are not

performed wuntil designs are finalized. Two
examples are the light witer reactor and the
liquid wmetal fast breeder reactor. This 15
basically because there is very little funding
for environmental and safety research, the
designs are not sufficiently delined for
specifi* analyses, and verified evaluation
methodologles have not existed. This
postponemunt likas caused expensive redusign,
licensing and construction delays, and a
lowering of the plant capacity. However, |if
potential hazards and licensing problems oould
be fdentified ea.'ly enough, they could be solvdd
at lower comt, and inappropri..Le design
approaches could be eliminated. Each generatlon
of experiments should be instrumented to provide
snvironmental and safety data to be ulseu a3
design critearia for later generations of
experimantn, This inherently minimtzes

"Work performed under the auspices of the U.S.
Department. of Energy.

environmental impact by safetly design througnoutl
the research, developmont, and demonstratio:n
process. A data base sguccessfully developed
through design iterations would facilitate botn
the preparation of environmental {mpace
statements and the licensing process,

AS the technology development program for
laser fusion evolves over the nexL 20 years or
more, studies on spenific aspects will be
parcelled out to different organizations, and
there will be a continual changeover |in poople
doing the environmental and safety analysis.
Therefore, a logical, wniferm, and oim e
bookkeeping  ascheme 10 needed o Integrate
the envirommental anl! eafety reccarch wnd
the recul ting data.

Envelope Analysis Concept

Envelope analysis .an provide a simple,
logical, wuniform, anu wunlversally applicable
framework to gulde research and ") intagrate
study results. This approach identifies and
isolates plant functions, p-ovides for detallaed
mass- and energy-balance bcokkeeping, and
outlines a nested envelope contalnment schame.
Los Alamos Sclentific Laboratory's two laser
fusicn power plant concepts, the wetted wall
and the magnetioally protected wall reactors,
were annlyzed using this approach (see Figs. 1
and 2, respactively), Each envelopr  in
conceived as a boundary around « system'sn
components. Thus, in Fig. 1, envelope A
contains the reactor itselr, envalope B
ocontains the pipe ochase area, envelope
aontains the 1ljthium oleanup equipment, and
envelcpe | containa the laser hall. All of
these envelopas, along with five othera are
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Fig. 1. Environmental envelopes for LASL's laser fusion power plant concept
- wetted wall design,
eontesined withiln a larger envelope, K, the Thus, envelopo analysis during the
reactor building. Separate envelopes contain research, developmenl, ard demonustration of an
the pellet factory, M, waste handling, L, the energy technology (such as an inertial fusion
operations and con’'rol building, N, the turbine power plant) can (1) provide a boskkeeping
hall, O, etc. All  these envelopes are scheme for research program planning and (2)
contained within the largest envelope, P, for facilitate the licensing process through desig:
the plant site itself. Typically, envelopes ilerations,

enclosing the least conventional equipment will
require resolution of thes greatest number of
snvironmental and safety questions. For
example, envelopes A through J inside the
rsactor bullding are deepest insido the plant
and represent the least conventional
technologies. Clearly, all unnecessary passage
of wmaterials between envelopes should bhe
minimized. If the resulta of much atudies are
fed back into design and safety system
criteria, there is lass probability of adverse
impacts outside the larger containing envelopes
(for sxample, the reamctor building, K, end then
the site itself, P).

Quantifying the material and energy flows
inside nn envelopy wWill facilitate aasessmant
of how much material passes from this envelope
to another. It will also allow for estimation

of possible routine releasen to the
snvironment . As  a rasult, the relative
importancs of each environmental and safety

aspect oan be eviluated.

Process Elements

The envelope analysis approach can also
be used to study the entire fusion fuel cycle
as well as the distinct plant elements. The
fusion fuel cycle can be viewed as a series of
processes. For each process, there are input
requirements of money, materials and resournes,
labor, and energy, as shown in Fig. 3. There
are basiocally three phases of a facility's
lifetime: construction, operation, and
decommissinning. The operational phase has
four subsets of startup, routine operation,
routine maintenance, and accidents that should
ba considered in an environmental and safety
stidy. Each of these phcoses generate procesa
wastes or effluents that must be handled and/or
treated and disposed of, Figure 3 illust-aten
a framework for collecting data on money,
materials and resources, people, and energy
needs, and the e¢ffluents for each phase of a
facility's Lifetine, as well as on the
environmental and safety aspects.
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Fig. 2. Environmental envelope:n for LASL's laser rfusion power plant concept
- magnetically protected wall design.
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SCICS 1s the Csll Inertimg and Cooling System.
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Sample Results

Early environmental and safety studies
will focus mainly on generic items for routine
operation and accident potentials. s laser
fusion reactor designs are firmed up, more
detailed aspects of the other four cases can be
evaluated. For a routine-operation sgnalysis,
we prepared tables of material flow rates into
and out of each envelope. Tabies ] and 11 show
input of materials and energy, production or
conversion of materials and energy, and output
of materials and energy for envelope A, tne
reactor cell, of two jaser fusion pow -~ plant
design roncepts, Flag {items (the right-hand
column for each tadble) are enviroamental or
safety aspects that need further definition or
research., AS 4ndjcated above, some of these
items wmight be addressed, st least in part,
through Adnstrumentation 4n present or future
generations of experiments,

For the purposes of an environmental and
safety analysis, the inputs are the same with
both realdtor concepts but vary in quantities.
In reference to outputs, the de~ign of the
reactor cell has four purposes: (1) to assure
that the radiation dose to tie rest of the
plant an¢ to the general environment will be at
acteplatle levels, (2) to withstand any lithium
spills and aprays, (3) to maintein an inert
atmusphere, and (4) to contain tritium leakage.

Detajled Discussion

Calculational results as ghown 4n the
tables also indicate that air activation muy be
a significant consideration. A3 one of the
areas containing 1liquid lithium, the wreactor
cell surrounding the reactor vessel would have
an inert atmosphere of argon. Tha argon
atmosphere will alao minigize genergtion of air
sctivation prodqucts i{n the reactor cell. There
are four potentia sources of impurities in the
srgon  atmosphere. Th. different grades of
a~gon commercially avajilable wvary un the
percentage of impuritiea, a3 shown 4in Tadle
JII, but they all contain some trsces of
oxyg.n, nitrogen, and ecardon, Tne comparison
of these trace concentrations with those from
air 4in-lesksge ias yet unknown Dacause the
in-plart purification syatema have not yet been
designed 4in deotail.

A wsecond source of air activation
products would b2 from ajir leakage into the
reactor oell. Low-leakage oontajnment vessels
for fission wresctors have an air leakage >f
0.1% pe* day,3 slthough 4in principle the
argon oould be maintained on a sero-leakage
basis, It has Deen estimated that the normal
in-leakage for the reactor Gelis will be J.01%
eell volime per day.4 Tables 1 and 11 give
the estimated volume of dOally in-leakage at
that rate. The main gonstituents of air s,
of course, oxygen and aitrogen, followed by

TABLE 111

Argon Imourities?

Commercial Resea~:cv
Av'gon 99.9.% 99.9958
Oxygen 0.002% 0.1 ppr
Hydrogen 0.002% 0.1 ppr
Nitrogen c.001% 0.1 pp=
Carbon 0.003% 0.1 ppe CO

0.1 ppr CH,

Total
Impurities 0.01% 5 ppr

carbon dioxide and argon, with trace. ¢!
¥rypton, mneon, heliun, hydrogern, and xent-,
The proportion of in-leasing a.r tl v
such as CO, SUyx, NUy, 8n2 mpeitane v:~.
widely with the site. Tazie 1V a3n0uWs -«
potential air activation prosust: o t"c
assumption that all the constituents Jlea<el 3°
the same rate, which would oniy hagper 1 '«
oase of structural cracks. Otherwise tne gare

would have t0 permeate the golid walls <
concre*e and the stainless steel Jine-t,
Nitrogen and hydrogen would then be micn m--e¢
likely to in-leak by permeation. Since nc rare
gay goes thrhough any metal unless the gas 1s
jonized, 4t is vary unlixkely that neon an:
xenon will leakx 4n.5 Tne argon in-leakage 1is
uf no concern obviously. A minute amount of
krypton  (less than 10-Y ppm) aight be
expected.

The third source of activation produsts
in the atmosphere of the oavity osll woulz Of
$23 leakag? froxm the reactor vesse) and pipang,
which eould conceivabdbly include litnyuz,
Jithium  dwpurities, helium, deuterium, and
tritiue.

A fourth source, gases from the bs3y of
the structyral saterial, involves minute
quantities and was mnot conaidered :n  thas
snalysie.

Rough estimates indicate that =21 of the
neutvon energy ®ay Jleak 4into the wreactor
cell.¥ Tne alir activation products to be
expected are tritium, 138, 16y, ldc, ene
Mar.  witrogen-l4 has s thersal radiative
oapture cross section to stable 15N of 0.075 o.
Nitrogen-15 has & thermal radiative cross
section of O0.24 mb., PFrom Table 1V, nitrogen
will be <0.0088 by vwolume. Since the
half-lives of 13N and 16N are 9.97 minutes
and 7,10 seconds, rtﬁfoetlvoly, they represent
a negligidle hazard. 8,7 On the other hand,



TABLE IV

Potential Sources of Air Activation Products

(m3 for wetted wall design)

Ar N H

(oloS 39,41k He Neon Xenon

Contribution from
argon impuritjes2

Contribution from 0.10 9.03 5x10-b 2.42
in-leairage of aird

Contribution from 3x10-4 1x10-3
leakage from reactor to

vessel or piping® 6x10-3

Per cent by volume 99.990 0.008 - 0.002

115,000 0.11 0.11 0.11

0.11

0.005 1x10-5 5x10-9 2x10-4 1x10=%

1x10-3

aAssumes argon at 99.9995% purity (research grade commercially available).

bAssumes air in-leaxage rate of 0.01% reactor cell volume per day. Assumes air constituents all
leax at same rate; actually nitrogen and hydrogen are much more likely to leax in by permeation thar,

are 0, CO, COp.

CAlsn could include the following: Si, Ca, Na, Fe, Ni, Cr, Ta, F, Cl, 6Li, 7Li, and Nb.

l14N(n,p)l4C nas a tnermal cross section of
1,80 b, and the resulting l4 nas a nalf iife
of &70 years, 8o some researchers have
identified 15%C as "the most significant
activation product arising from activation of
air...".8 However, preliminary estimates
indicate an annual production of 0.16 curie of
l4c  for the wetted wall Jdesign, with a
resultant global population dose of
approximately 0.3 person-rem per year.9
Further investigation of 14 production Is
desirable,

Argon activation was estimated at 50 f
kilocuries, whe-e 8 is a correction cuefficient
accounting for detziled geometries of the
reactor vesse, and reactor cel)l. Argon-4] is
an energetic beta and gamma emitter Dbut,
because argnn is a rare gas, it is not readily
taken up by living organisms and has an
extromely small biclogieal effect 10
However, the Ular clearly should be
considered a potentiel resctor effluent,

Argon, with {ts {mpurities, would be
circulated through the cell dinerting and
cooling system. There the impurities would be
removed, minimizing the inventory that could be
dispersed to the atmosphere in an accident.
Assuming a 50 K difference in temperature and a
2% leakage of neytron energy, the flow rate for
Argon in the cell inerting and oooling svstem
sould be 2300 kg/s.

Tne target pellet is 1injected throug:
(D), either by a pneumatic or an electry-
magnetic process, Tne electromagnetic process
would operate with an internal vacuum and thus
minimize contamination of the reactor cell's
inert atmosphere. The pneumatic process would
be operated in an inert atmosphere (helium), so
again there would be no {introduction of
impurities into the reactor cell's atmosphere.
As with the laser beam trensport ducts, tne
neutron streaming into the pellet dinjection
system is of concern.

Accident Analysis

Accident analysis requires assessment of
the probability of failures leading to materia!
exchange between envelopes an? to potentia.
hazardous releases to the environment. Some of
the basic data for theoretical weccident
snalysis i3 contained in Tables I and II. The
tritium and lithium {nventories were ideniified
as having {important potential environmental
problems and safety risks, For the wetted wall
design, the total 1lithium inventory would be
9.6 x 105 kg; and for the mugnetioslly
protected wall design, the total 1litnium
inventory would ba 20.5 x 105 kg. As a
general conclusion, the greatest hazard is from
the lithium, which represents a more serious
chemical than radiological hazard. This
problem has been theoretically addressed by tnhe
use of double-walled steam generstor tuves,



reactor cell 1linings, isolation wvalves, and
argon atmospheres. The use of lithium in the
primary heat exchange loop remains a focal
point of discussion.

Summary

Using this envelope analysis approach, we
have identified material and energy flows and
have formulated a systematic approach for
assessment and analysis. Flagged items needing
further environmental and salety research
include corrosion products and their
activities; structural activation; handling of
pellet debris; lithium cleanup systems; tritium
inventories, barriers, and recovery
technologies; and i4c production,
inventories, migration, and removal. For
further studies, we recommend a five-phase
cycle, including completion of theoretical
mass- and energy-flow calculations, p¢stulation
and calculation of accident scena. 08,
assignment of priorities to Scenarios acccrding
to predicted effects, design of experiments to
gather data, and incc poration of results such
as new subsystem designs in the nex' generation

hardware. This approach should prov.de
inherent safety and minimize envirornmental
impact.
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