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A HYDROGEN STORAGE-BED DESIGN
FOR TRITIUM SYSTEMS TEST ASSEMBLY

Hatice S. Cullingford, Michael G. Wheeier, and John W. McMullen
Design Engineering Division
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

Tne Los Alamos Kational Lahoratory has completed the design of a hydrogen storag.:
bed tor the Tritium Systems Test Assembly (TSTAY., OQur objective is tu store
hydrogen isotopes as uranium hydrides and recover them by dehydriding. The spe.
citic use ot the storage bed is tu store DT gas as U(D.T)3 when it is required
Ter the TSTA.

The hydrogen storage bed consists ot a primary container in which uranium powder
is stored und a secundary container for a second level ot safely in gas confine-
ment. The primary cantainer, inlet and outlet gas lines, cartridge heaters, and
instrumentation are assemblea in the secondary ccontainer. The design ot the
hydrogen storage bed is presented, alory with the modeling and analysis of the
hea behavior during hydriding-dehydr iding cycles.

KEYWURODS
Hydragen storage; deuterium: tratium; wanium hydride: storage heds: tusion
enerygy.

INTRODUCTION
The Los Alames National Labaratary is constructing a Tritlum Systems Test Assenhly
(TSTA:1 tor the Ottice of Fusion Energy ot the Department of Energy. The objiec-

tives at TSTA are as tollows (Anderson, 1978).

I. llevelop and demonstrate a'l aspects of the deuterium-tritium tuel-handling
tycle requured tor developmental fusion reactors.

2. Demenstrate and Improve the reliability in tritium scervice of a wide varl-
ety of tusion reactor companents such as valves, pumps, and instrumentation.

3. Demumstrate the routine, safce handling of tritium in significant gquantities
tor tutian redctars,



TSTA will be the first fusion facility to charge large quantities of tritium,
namely, 0.15 kg in 1982. The main systems of %STA are shown in Fig. 1. Several
storage beds are needed for the hydrogen isotopes in the system during the annual
operational cycle of TSTA. The following operational modes will require hydrogen
storage beds.

1. Controlled Shutdown - The contents of the distillation columns in the Isotope
Separation System (ISS) will be transferred to the hydrogen stocage beds after a
warm-up period during a controlled shutdown of TSTA. The hydrogen isotopes «!ill
be recovered and sent back to the ISS for startup.

2. Emergency Shutdown - The hydrogen isotopes will automatically expand into a
surge tank from the distillation columns in the I5S under an emergency shutdown.
The surge tank contents will then be transferred to the storage beds for a short-
term or a long-term shutdown.

3. Inventory Control - An inventory assay will be implemented every six months
after transferring the hydrogen isotopes in the system to the storage beds. This
operation will involve an Inventory Control System.

4. Line Cleanup - The flow lines of the Inventory Control System will be cleaned
up by using the storague beds.

The following unique requirements are imposed on the hydrogen storage beds:
Large DT gas loads,

Fast loading rates,

Pure DT gas rather than in dilution with other gases,

DT gas mixture (nominally 50-50j rather than Dy or Tj,

Storage at room temperature, and

Purging of 3He.

These requirements were translated to the following design criteria:
® A (developed) technology base,
® Adequate saftety margins,
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e Flow-through design,
e Simplicity in design and operation, and
e Double containment.

Our review of the existing technology base resulted in a decision to design a
uranium bed (U-bed) for storage of hydrogen isotopes as uraniim hydrides. Uranium
hydride contains about twice as many hydrogen atoms per unit volume as liquid
hydrogen (4.2 x 1028 atoms m* at 20°K) and can be stored at room temperature.
Completely hydrided uranium has been used as a source of high-purity hydrogen
since World War II (Mueller, Blackledge, and Libovitz, 1968). In addition to the
research type U-beds, a number of engineered storage bed designs have_been devel-
oped in the United States over the years (Singleton and Alire, 1980).] We will
present the design of a hydrogen storage bed that meets the TSTA requirements.
Supporting analyses will also be provided for the storage-:recovery cycles of TSTA.

DESIGN DESCRIPTION

Figure 2 shows a cutaway view of the TSTA hydrogen storage bed. The design ob-
jective is to store hydrogen isotopes as uranium hydrides and recover the hydro-
genous gases by dehydriding. The chemical reaction of importance ic

3
U+ 3 Hy = UHy

where H can be H, D, or T. The kinetics and other characteristics of this reac-
tion are well documented in the literature.

The TSTA hydrogen storage bed consists of a primary container, in which uranium
powder is stored, and a secondary container for a second level of gas confinement
and leak detection. The primary container houses the uranium powder in 27 cells,
The cells are arranged in nine assemblies in a square array. Each assembly is
formed in a bore made in a copper block. The assembly is made by stacking porous
copper frits and copper pipe spacers alternately to produce three cells in a coi-
umn, as i'lustrated in Fig. 3. Each cell coriains 0.22 kg of uranium powder for
hydriding. Table 1 lists the parameters for the hydrogen storage bed.

The inlet gas is distributed to the nine assemblies from an inlet plenum far
hydriding. The hydrogeneous gases from the dehydriding cycle collect in an out-
let plenum before leaving the primary container throuygh the outlet pipe. Thus, a
gas leak in the primary containment (the primary cortainer or in the inlet and
outlet piping) would be confined in the secondary container

Cartridge heaters ar2 used during the dehydriding cycle *) heat the urar® m
hydride to 723 K. The primary container, inlet and outlet gas lines, cu..r"1dge
heaters, and instrumentation are hung by the support plates and rods from the
cover assembly of the seccndary containment.

The cover of t' . secondary container provides the penetrations for the gas inlet
and outlet lines, the heater and thermocouple connections, the rupture disc, and
a vacuum port. The rupture disc is a safety device shou'd an unlikely event re-
sult in an overpressure of up to 0.69 MPa. The secondary container can be evacu-
aled to insulate the primary container during a dehydriding cycle. This

Tprivate communication with colleagues in Lawrence Livermorr» National Laboraiory,
Los Alamos National Laboratory, and Sandia National Laboratories-Livermore.
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Fig. 2. Cutaway view of the TSTA hydrogen storage bed.

evacuation also can permit leak detection and handling in the case of a tritium
leak from the primary to the secondary container.

A1l suraces in contact with the uranium powder are oxygen-free copper. Copper
was selected ins.ead of stainless steel for the following reasons.

1. Better tritium barrier because of its lower permeabilily and lower solubility
for tritium,

2. Better heat transfer medium because of its higher thermal conductivity.

3. Better compatibility with uranium because of a higher eutectic puint than
that of iron (1273 vs 998°K) (Hansen, 1965).

4. Reduced hydrogen stress cracking (reduced mechanical emhrittiement or no
decarburization) (Hagel and Wicka, 1980).

A1l load-bearing components such as tk: secondary contaluer, suppart pldtes and
rods, cover, and gas inlet and outlet ‘nes are made of stainless Sterl type 304
(SS 304). The primary container is thermally decoupled from the support rods and
the secondary contdiner by ceramic bushings made of MACOR. Nickel foil might he
used as a super insulation in the socondar* container gap around the primary con
tainer. A portahle vacuum pump of 50 ® s-1 wili be used tu evacuate this inuula
tion volume to begin a recovery (dehydriding) cycle. The cariridge heaters will
then start heating the copper hlock ta 723°K.

There are two levels of safetly ftor tritium confinement: the primary cantainer
and the secondary container for the strage process, with the piping enfeving me
lvaving the starage bed aml the glavehox for gas delivery/rvcavery pencess,  The
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TABLE 1 Parameter List for the TSTA Hydrogen Storage Bed

Total depleted uranium: 5.94 kg

Total number of cells: 27

Uranium in each cell: 0.22 kg

Theoretical T, capacity: 0.2265 kg
- Maximum T, loading: 0.0906 kg

Per cent design capacity: 40

Number of heaters: 6

Heater power: 250 W (per heater)

Operational temperature range: 300-723°K

Maximum allowable pressure: 0.52 MPa

Maximum pressure rating: 0.69 MPa*

Primary container weight: 45 kg

Secondary container weight: 135 kg

*For secondary container.

pressure boundary is at the secondary container. The rupture disc is an addi-
tional safety feature in the event of overpressure caused by an unlikely event of
air exposure of the uranium powder. The glovebox is inerted with nitrogen gas.

The sturage bed will be qualified for TSTA use atter several sturage-recovery
cycles with deuterium. The details of uranium-hydride-uranium cycle kiratics are
well-documented in the literature. An experimental model of the TSTA storage bed
has been built for experimental data and for mathematical model verification.
(These models are not in the scope of this paper.) The next section provides a
thermal analysis of the storage bed.

THERMAL BEMAVIOR ANALYSIS

The thermal behavior of the primary and the secandary system was danalyzed for
heat flow in the storage bed cartridge heater sizing, msulation sclection, and
nperational temperatures. Baecauw,c of the camplex design, several simpliticatinus
and 3 conservative approach were used in the analysis. A 607 capacity (instead
of design basis 40%) was used for counservatism,

Primary System Heating

The primary system heating during hydeiding and dehydeiding cycles is analyzed
below. A thermal radiation analysin is also performed for heat lTasses feam the
primary system. Tn this scction, we are loaking for the max imum temperatare in



the primary system so we neglect small heat losses that occur slowly from the
primary container,

Hydriding Cycle Maximum Adiabatic Temperature Rise. An energy balance for the
U-bed primary system (mainly, the Z3BU powder and the copper block) with very
rapid heating or no heat losses consists of the following equation for constant
material properties.

Qr = MCpaT, (1)

where

Qp = Heat input by hydriding,

M = Total mass of Cu and U,

Cp = Average specific heat at constant pressure,
and

aT = Change in temperature.
Also

Qr = n[aH(UD3) + aH(UT3)]

where n is the number of moles of UD3/UT3 formed and aH(UD3) and aH(UT3) are heat
of reaction for the UD3 and UT3 formation, respectively. Thus,

n=17.5,
Qp = 1.95 MJ,
M= 36.2 kg,
and

Cp = 343 J kg1 "k-1,

A temperature rise (aT) of 157°K is calculated from Eq. (1) for the primary
system. This calculation does not include heating of the inlet/outlet piping or
heat losses to the seccndary system (secondary container, primary container
support, and flange did cover assembly). Therefore, 157°K 1s a conservative upper
limit for the copper primary container temperature at the end of hydriding. How-
ever, hot spots exist at the uranium phase and at the copper wails touching the
uranium. External heating of the bed may be necessary for desirable hydriding
rates. The inlet and outlet piping (Fig. 3) that is made of 6.4-mm-thick SS 304
tubing has a very small conduction surface in contact with the primary container.
Thus, heat losses through this path are very small. In addition, comparing
thermal diffusivity of copper and SS 304, conduction will be about 24 times slower
in SS 304 than in the same thickness of copper.



Radiative Losses in H!%riding. The radiative losses from the copper surfaces of

€ primary container to the SS 304 secondary container and the cover are esti-
mated below for the hydriding cycle. For a reasonable approximation, the U-bed
assembly (Fig. 3) may be considered as two concentric spheres.

The net radiative heat flux at the primary container is given by the following
equation if the secondary container is filled with a nonparticipating medium
(Ozisik, 1977).

; a(T14—T24)
q, = ’ (2)
Ll
€1 IE €2

where o is the Stefan-Boltzmann constant and Ay and Ap are the surface areas of
the primary container and the secondary container, respectively. ¢ and ¢, are
the emissivities of these surfaces at temperatures of Ty and Tp, respectively.
The following assumptions are valid with this equation.

1. Radiative properties are uniform and independent of direction and wavelength.
2. Surfaces are diffuse emitters and diffuse reflectors.

3. The radiative heat flux leaving the surface is uniform over the surface of
each container.

4, Surfaces are opaque.

5. Either a uniform temperature or a uniform heat flux is prescribed over the
surface of each container.

6. The enclosure is filled with a nonparticipating medium such as a vacuum,
(Gases such as nitrogen are relatively transparent to thermal radiation unless
the temperature is extremely high).

Given €] = 0.1 (polished copper at 698°K):

0.22 (SS 304):
443°K:

€2

-
[a—y
]

T2 - 300"K:

b.6697 x 10-8 W n-2 “k-4;
Al = 0.2 m; and
Az = 0.53 m’;
4 radiation hcat tlux of 152.1 W m=2 Is calculated *rom fq. (?). Atter a quick

temperature rise of 143K in thn: primary container, 30.4 W is lTast by radiat nm
to the secondary cintainer,



The inlet/outlet piping and the primary system support structure will in reality
receive some amount of radiative heat flux. The primary system heating will cause
heating of the inlet/outlet piping and the primary system support structure, and
then heating of the secondary container. The highest temperature rise will occur
in the primary system. The above analysis is a reasonably conservative picture

of maximum temperatures and rate of cooling.

Heater Sizing. Similarly to the hydriding case, an energy balance for the primary
system (¢35U, UD3, UT3, and copper) with rapid heating (or no heat losses) con-
sists of the following equation for constant material properties during dehydrid-
ing.

Qc - Q = MCpAT' (3)
where
Q. = External heat input (provided by cartridge heaters),
Qr = Heat of reaction for dehydriding
=1.95 MJ,
M = Total mass of Cu, U, and UD3/UT;
= 39.9 kg,
and
Cp = 377 J kg~1 “k-1,

Thus, for a desired temperature increase, the cartridge heater power input can be
calculated from Eq. (3). Table 2 summarizes various heating times for the primary
system at 1500 and 150 W heating rates. The heat of reaction was varied as shown
to identify the effect on the heating times. The cartridge heating rate of 1500 W
looks reasonable for the requirement to heat the U-bed to 723°K in 1.5 h for the
dehydriding process.

Radiative Losses in Dehydriding. The radiative loss from the copper surfaces of
the primary container to the S5 304 1id and the secoundary container are calculated
from Eq. (2) in a manner that is similgr to the hydriding case. At T = 723°K,

T, = 300 K, a heat flux of 1325.7 W m™¢ is calculated. After an assumed sudden
tgmperature rise to 723°K, 265.1 W is lost instantaneously by radiation to the
secondary container, so the 150 W heating rate is inadequate.

Similarly to the hydriding phase, there will be coiductive and radiative thermal
losses from the primary container to the inlet/outlet piping, the primary sysiem
support structure, and the secondary container and cover assembly. The highest
temperatures will be located in the primary container. The equilibrium primary

container temperatures are expected to be less than 723°K because of these addi-
tional losses.

Heat Flow Analysis for Secondary Container

An analysis of the transient and steady-state heat flow conditions to and from
the secondary container is provided below. We are now interested in the maximum



TABLE 2 Calculated Heating Times

1500 W 150 W
Heating 300 » 723°K 1.54 h 15.4 h
with aH.
Heating 300 » 723°K 1.18 h 11.8 h
without aH,
Heating 300 » 473°K 0.48 h 4.8 h
without Aﬂr, and and and
473 » 723 K with aH, 1.05 h 10.5 h

heat flux from the primary to the secondary container to predict a conservatively
high maximum temperature in the secondary container wall. First, a heat transfer
coefficient for free convection in the nitrogen gas surrounding the U-bed secon-
dary container in the glovebox is calculated for use in the subsequent analysis.

Free Convection. The average Nusselt number for free convection in nitrogen gas
from the outer cylindrical surface of the secondary container (Fig. 3) can be
calculated by comparison with a vertical plate (Cebeci, 197%). For Ty = 318K
(wall temperature), T = 300°K (fluid temperature), P = 10-°Pa (fluid pressure),
and the fluid properties at the arithmetic mean ot Ty and T.. the Prandt] numiwr
(Pr), the Grashof number (Gr;), and specific parameter * are evaluated to be the
tfollowing.

Cu
Pr = -{:— = 0.71,
3
gp (T -To)L
GTL = -— L zf—— =9.4 x 106.
\V]
and
e
G'_L s o

where Cp (specitic heat), p (viscosity), k (thermal conduitivity), g (Ltempnabare
coeft icient of thermal conductivity), and v (kinemitic viscosity) are the fluid
properties, and L and R are the height and radius ot the vertical cylindin (soc.
ondary LOHLdiH"V&. The tree canvection flow Is in the Taminar range hecause
Gry'rr = 6.7 x 109 (Ozisik, 19//7)., The ratin ot the Nussell numing: forr a vertical
cylinder to that for g vertical flat plate tor laminar free convection at a uni
torm wall temperature is obbaoeal from Ceivci (19/%) to be 1,05, Thus, we can
assume that the tilat-plate cwrvclation Is applicahle Tar the gutside ol the ¢y
Findvical U-hed secondary cantamer,  The average Nusse bt runbner gnder unidorm
surface comlitions is glven hy Semlams (19440,



Ni_ = 0.59 (GrLPr)°'25. (4)

A mean Nusselt number of 30 is calculated from Eq. (4) over the height of the
vertical cylinder., From Nup = hol/k, a mean heat-transfer coefficient (hm) of
4.09 W m-Z “K-1 is calculated for free convection in the nitrogen gas in the
glovebox.

Transient Analysis. The Biot number (Bi = hL/k) is used to compare the relative
magnitudes of the surface transfer coefficient (h) and “he internal conductance
of "a slab to heat transfer. For values of Bi less than about 0.1, the temperature
in a medium is essentially uniform at any given time. The spatial variation of
temperature can be neglected for such cases. Then, the variation of temperature
in the solid with time can be analyzed with lumped-system analysis (0zisik, 1977).
The transient heat flow from the primary container to the secondary container is
anaiyzed below as a one-lump system with convection and with prescribed heat-flux
boundaries as shown in Fig. 4. The analysis is valid because Bi = 1.2 x 10-3 for
the secondary container wall.

FREE CONVECTION

T¢

Fig. 4. One-lump analysis of transient heat flow
in the secondary container wall with a
heat supply at the inner surface and free
convection from the outer surface.

An energy balance for the secondary container wall consists of the following
equation.

Aja *+ Ah(Ty - T(t)] = oC ¥ arit) | for t » 0

with the initial condition (I.C.)
T(t) = Tq, at t = 0,

where q 1s the heat supply, A{ and Ap are the inner and outer surface area, p and
Cp are the density and specific livcat of the wall, and V i35 the wall volume.



Assuming constant o, C , K, and A, = A = A = v

P T*
a* ATy - T(8)] = oc L SHEL
which can be reduced to
%{t) + mo(t) = Q, for t > 0 (5)
1.C. o(t) = o, = T, - Ts. at t = 0,
where
o(t) = T(t) - T,
m e FE:T :
and
Q- —r:—l_

The solution ot Eq. (%) is the sum ot the .olution ¢f the homogereous part and a
particulace solution.

olt) = C(r"mt + op. and

w, = 0 % (1.0.).
Thut
o(l) - une"mt ‘il - “-mt] % .

which predicts the temperature variation of wall auw o taw iz ot Lwe. /s > .,
we can calculate the equilitirram temperature hecou

a4 y
Wl » m h f



For the hydriding case discussed in the previous section, q = 152.1 W m-2 is the
radiative heat flux leaving the primary container. An equilibrium secondary con-
tainer wall temperature increase of 37.2°K is calculated from Eq. (6) without
surface aree correction. With cerrection for area, the incident flux on the sec-
ondary container is

2

q = 152.1 x%-gj. £7.4 W m~2, and

the temperature rise is i4°K.

For .ahydriding, the equilibrium temperature rise is 324.2°K for a flux leavin

the primarry at 1325.7 W m=¢, The incident flux on the secondary is 500.3 W m~
with area correc:ion and e(~) = 122.3°K. A temperature rise of 14°k for hydriding
and 122.3°K for lehydriding are higher estimates than would be expected for the
secondary container wall because of the additional heat loss mechanisms.

Insulation Analysis. Although the above results indicate that the secondary con-
Tainer does not oerheat, its surface temperature is important for the U-bed and
glovebox operatior., Therefore, the potential for reduction in temperature for
the wall of the se:ondary container is discussed in this section.

A steady-state dnalysis of heai transfer from the primary container to the secon-
dary container is given below for the dehydriding phase. This 1s needed because
of higher temperatures at the secondary container during the dehydriding phase
rather than during the hydriding phase. Figure 5 illustrates the geometry where
Ty = 723", T¢ = 300°K. An average gap distance of 76 mm will be used in the
following calculations. The gap will be filled with N2 gas, Firelite 2200,
leolite pellets with N,, evacuated Zeollte pellets, Celotex, and multilayer in-
sulation (such as nickgl foil) for a comparative analysis.

T2 Ts
—
Ty
/ GAP
PRIMARY
CONTAINER 7] AXg FREE Cg:\éECTION
RADIATION
—_—
sy
A
RADIATION TAIN

Fig. 5. Heat transfer moces for steady-state analysis.



Without the radiative component, the governing equations are as follows.

T - Ty = q(E;a) . (for conduction in the gap) (7)

T2 - T3 - Q(E-__) . (for conduction in tre wall) (8!

and

T3 - T' - q(ﬁ—) . (for convection from the wall) (9

combined as

+ l_.]' ilo

Ty = Primary container surtace temperature,
T7 = Secondary container inner surface temperature,
T3 = Secondary container outer surface to.perature,
T¢ = Nitrogen gas temperaturce,
q = Heat flux for cunduction,
Axg = Gap distance,
axgy = Seconddry cimtiiner wall thickness,

Gap thermal conductivity,

P
L=}
[ 1

Secondary cantainer thermal conductivity,

[ ]
v
L}

aud

h¢ + Convective heat transter coefficient,

Thus, for given valuew. of axq, axgg, kg, kgg, aml Mgy ¢ 1t calculated foor

Eq. (10) tur T} « 723°K and T¢ - 300°KD  Then, 1p and 1? are calcalate 1 oo,

Fau. (/) aud (8}, re-pectively, Tahle 111 hists the caicalated heat flys Y ang
the resulting wurface temperatiane (]3\ far the secandary tantagmer witth v,
meafta In the separatin gap,



TABLE 3 Comparison of Various Gap Media for U-Bed
Surface Temperatures for Dehydriding*

kg(w m1 “k-1) q(Ww m=2) T3(°K)
Ny 0.042 206 350
Flrellte 2200 0.22 722 470
leutite pellets in Ny 0.58 1140 575
Evacuated leolite pellets 0.0012 7 ' 300
Celotex 0.08Y 387 394
ultitayer insulations 0.00V1> 0.8 300

*For conduction only,

The cdse tur nmitrogen is not complete without radiative heat transter, Hence,
the ca'culated temperature ot 350 K is ahout 122°K less than what might resull
under conduction combnmed witn vadiation, Alsc, the multilayer insulation is not
expected to work etficiently in the U-bed situatinn unless possible thermal
shorting by the auxiliary components such as piping and instrumentation leads is
avoided, the antsotropic nature ot the insulation is minimized, dand a vacuum
service ltess tuan 13,3 mPa (1077 torr) is provic:d (Long, 1972), It is possible
tu achieve ¢ vacuum lower than 13,3 mPa with o 38-mm port from a 0.36-m chamber,
ds motnds case. Anestimate of the minimum pressure (Pyqn 1 tore) can be wacde
tor intinite pulpging case by the following ecuation (Gupta, 1976).

. : 1
len > UM Ldv (U.bb + ;7) .

witer ¢

hyy = Average system ontgassing vate (torr an? g by

and

wube dame tar
Chrambery drane: thie

Iua, the U bed aternals ontgassing wrll determine the pressure Ievil with pump-
my. It 1%v UH\UJ‘\IHQ rate s Tower than 1.7 x 107¢ Lorr ¢ cm”

(loo x JO™7 Pan o1 Y, which s o reasanable rote because almost all surtaces arve
oxygen tree caopper and S5 304, then Pyyp - 13.3 mPa iy achievable.

Comparison of var tous methods of thermal design result. in the toll wing qualita-
tive order ot lowest U-bed secondary cantainer surface temperatures: super in
sulation/evacuated powders, Celotex, evacuation, Firelite 2200, Zeolite in N2,
and N, Hawever, whea other requirements such as sfwplicity. cost, maintenance,
atek Teak management are censidered, a simp e evacuation might be sufficient.



CONCLUSIONS

We have presented the design of a hydrogen storage bed to be used in TSTA at the
Los Alamos National Laboratory. The storage bed will be used to store DT gas as
U(D,T)3 when it is required for the TSTA cperations. We conclude with the
foﬂuﬁng observations, as supported by our conservative evaluation of the bed
thermal performance for 60% capacity.

1. Yeating of the bed may be necessary for desirable hydriding rates. A detailed
computer model and supporting experimental data should verify this.

2. The cartridge heating rate of 1500 W appears satisfactory for the requirement
to neat the U-bed to 723 K in 1.5 h for the dehydriding process.

3. During hydriding, the primary system average temperature rises by 157°K. A
maximum thermal radiation heat flux of 152 W m~¢ from the primary system is cal-
culated.

4. During dehydriding, a thermal radiation heat flux of 1326 W/m2 from the
primary system is calculated. The maximum total radiative heat loss is about
265 W.

5. Equilibrium cecondary wall temperature increases for hydriding and dehydriding
are less than 37 and 324 K, respectively.

6. During dehydriding, the lowest secondary wall t. nperatures are possible witn
evacuated powders or multilayer insulations.
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