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SUMMARY

In order to realize the full 'po.tenti;'al of fusion as an environrnentally :
benign source of energy, it is necessary to avoid the difficulties of clisposihg of
high-level waste by déep geological burial. Because of the large fluxes of high
energy neutrons in a typicai fusion design, activation of structural fnaterials can
result in highly radioactive componenfs x;vhich may not satisfy low-level waste
disposal criteria. _

| Extrapolating the current physics_ data base and.adapting blanket designs
that are being developed in the US, Europe, and Japan based on advanced
materials, a set of demonstration feactor designs were developed which satisfy
common physics and engineering constraints. Because of different material
properties, the dimensions of the reactors var.ied;. when constrained to meet the
same engineering and physics hmitsl.

~ For each design, calmlaﬁons of various waste dispoéa-i pa-rametérs were

pe.rformed.. The reattoré were modeled neutronically ﬁsing the dhe-dimensiénal
discrete ordinateé transport code, ONEDANT with Ss quadrature and the
MATXS10 cross section library, which contains 30 neutron and 12 photon groups
with P4 scattering. The neutron activation calculations were performed with the
REAC*3 code and the associated cross sections which were specifically

developed for high energy fusion neutron activation calculations. The

. |




ix

Micros}ﬁeld code ans used to calculate co‘ntacf dose rates based on the REAC*3
photon emission rates. | |

For each design, the specific activity, total activity, life cycle waste |
volume, contact dose rate and a waste disposal rating based on detailed isotope
specific near-surface burial limits were evaluated for compariéon with
representative low-level waste criteria that might be expected for fusion wastes.

Some designs will satisfy near-surface burial criteria, while others would
undoubtedly be classified as high-level waste. Existing austenitic stainless steels
clearly would not satisfy low-level waste criteria. Of the advanced mateﬁals
under development, vanadium alloys seem the most promi§ing for sati’sfying |
low-level waste disposal criteria, although ferritic steel alloys might also qualify
as low-level waste. Silicon carbide appears to be marginal in this respect. The
martensitic -steel (MANET) and the manganese steel VA64 consiglered in this
evaluation clearly wouid not satisfy low-level waste criteria, but both of tljese
materials are .understood to have low-activation versions that are bc_eing

considered and possibly under development.




CHAPTERI

INTRODUCTION

The future of fusion as a source of power rrel_iés‘on its scientific and
techmcal feasibility and its social acceptabllnty The developrnent of
experimental and demonstration facnhhes is currently underway to evaluate the
scientific and technical feasnbﬂnty_ of fusion power_. In ord_er to realize the full
potential of fusion as an environmentally benign source of energy, and hence to- _
achieve accéptability,‘it is desirable, probably necessary, to avoid the difficultii_es
of disposing of high-level waste (HLW) by deep repository burial; thus avoiding
the problems currently faced by fission reactors. Because of the large fluxes of
high energy neutrons in a typical fusion design, activation of structural materials
can result in highly activated components which may not satlsfy low-level waste
(LLW) disposal criteria. This could be an impdrtant issue for the societal
acceptability of fusion power.

There are a variety of materials being considered for fusion reactor
designs. However, these generally have been designed without regard to LLW
or other key disposal criteria. At present, it is unclear if it is possible to deéign a
 reactor that will completely satisfy the LLW criteria. In fact, ﬂ1e LLW criteria that
will be épplied to fusion are themselves uncertain.

This analysis looked at a number of possible demonstration reactbr

(DEMO) designs based on common physics assumptions, but different structural




and breeding materials and coolants. The _desi.gns. were evaluated to determine if
these materials would satisfy LLW disposal criteria. A number of activation
parameters were evaluﬁted, including, waste disposal rating, specific activity,
total activity, volume, and contact dose. B |

Reactor designs were developed for 'selvé:f'a-l possible tokamak
delhonstration reactors, all bésed on the iniémediéte/advanced physics design
basis (29), which could be established by the operétio-l'il-of the International
Thermonuclear Experimental Reactqi' (JTER) (1). Four reference designs were
based on the different blanket designs whiéh are b_eing.developed in Europe,
Japan, and the USA for the DEMOs. A ]apanese,- water-cooled, solid. breeder, .
ferritic steél structure design {2) was chosen. .The'Européan, water-cooled,
lithium lead breeder, MANET (Marfensite for NET) structure design (3) was a
second device. The final two reference designs chosen were based on U.S.
blanket designs. The first was a lithium-cooled, vanadium alloy structure
design being studied bj Argonne National Laboratory (4). The second was a
helium-cooled, solid breeder, silicon carbide structure design which was studied
in the ARIES-I project (5) . A number of variants on one of these reference
designs was also considered. .

All reactors were designed to operate at the same fusion power level {1500
MW).and the same design lifetime (10 EFPY) so that results will be directly

~comparable. The physical dimensions of the different designs were determined

to satisfy a common set of physics and engineering design constaints (6).
Common physics parameters and the thermo-mechanical properties of the
structural materials and coolants were used for all designs. The reactors were

designed to assure that stress limits, radiation damage limits, and other




parameters were not exceeded and th'a_f. a stable, confined plasma can be
maintained at the specified poﬂwer level. This results in designs that were quite
dissimilar in size because of the widely different thermo-mechanical properties
of the différént materials; The resulfing-refefence designs are intended to be
representative of designs of demons:tration reactors at the specified power and,
therefore, properly characterize the waste streams that would result and allm&

for direct comparison between the different designs.
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CHAPTERII

COMPUTATIONAL PROCEDURE & COMPUTER CODES

In order to model the reactor and perform the desired calculations four
| separate codes were required. These codes perform the neutronics calculations,

the fusion reactor design parameter determination, the activation calculations,

and the dose calculations.

The neutronics code used Was the ONEDANT code (7) This is a one

dimensional discrete ordinates transport code. An Sg angulér quadrature was

used. The cross section library used was MATXS10 (8,9), which was developed

specifically for high-energy neutron transport calculations. The cross sections set

is a P4 scattering set and consists of 30 neutron groups and 12 photon’ groups.
Fusion reactor design parametérs were calculated using a code which
determines the dimensions of the various reactor components so that the reactor
will be able to maintain a stable, confined plasma and meet the various
engineefing constraints (6). This code used as input the reactor power level,
plasma physics parameters, and material properties. Plasma physics parameters
corresponding to the intermediate advanced tokamak mode (10) were used. The code
determined the stresses at key locations and assured that the ASME code
standard were met (<1/3 Ultimate Strength and <2/3 Yield Strength). The
minimum thickness of the various components was determined from stress, heat

removal, tritium breeding, and radiation shielding constraints. The calculated

.




dimensions were used in the neutronics calculéticm. Radiation damage lifetimes
were also computed using displacement cross sections from MATXS10 and
neutron fluxes calculated with ONEDANT. |

The neutron activation analysis was performed using the REAC*3 code
(11). This code and its associated activation cross sections were devéloped

specifically for high energy neutron activation analysis in the fusion
environment. It includes an extensive 175 energy group activation cross section
library. The 30 group neutron flux from ONEDANT was lethargy interpolated to
form the 175 group fluxes. This code was then used to calculate the radioactive
inventories for specified times and operational scenario.

The Microshield code (12) was used to perform the contact dose rate
calculations. One parameter of interest in this work is the contact dose rate of a
uﬁiformly contaminated semi-infinite slab. The REAC*3 code outputs the decay

photon emission rate by energy group and the Microshield code was used to
| detefmine a semi-infinite slab contact dose rate response function for each of the
decay photon energy groups and material. The response function was then
folded with the REAC*3 output to détérmine the contact dose.

Figure IL1 shows a schematic of the process used in this analysis. The
figure shows the interrelationship between the various codes and results derived

from each. The parameters are defined in chép_ter V.
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CHAPTER HI

REFERENCE BLANKET DESIGNS

The pr.incipal blanket design options bemg developéd for the DEMO in
the United States, Japan, and Europe were chosen as the basis for the references
designs. These reference designs were based on a ferritic steel/water/lithium
oxide /beryllium blanket d_esi-gn,__a martensitic sfeel/ water/lithium lead blanket
design, a vanadium/lithium blanket-design, and a silicon carbide/helium/
lithium zirconate/beryllium blanket design. In addition, several variants of the
water/lithium oxide/ Eje_ryllium blankét design with different structural
materials were considered. The materia_lé and designations used for each design
are given in table II.1. Table 1.2 includes some of the basic parameters used for

the original designs. All material properties are given in chapter IV.

Mori et al. (2) discussed a blanket design for a steady state tokamak .
reactor. Their design is water-cooled and uses a solid lithium oxide (Li;O) |
_breedef,' and beryllium (Be) neutron multiplier. The first wall isa tﬁbe bank with
ferriﬁc steel {(FeS) structure and cooled with pressurized water (H;O). Behind thé
first wall is a replacéable breeding blanket which consists of solid Li,O pebbles, a

Be multiplying region and intermittent cooling tubes. Behind the réplaceable |




blanket is a permanent breeding blanket intended to last the life of the plant. The

details of the blanket deéign are shown in figure IIL1.

IILB. Reference MS/ Liy7Pbgs /HoQ Blankgt Degngn (R2)
Giancarli et al. (3) have developed a design for the Next European Torus
(NET). The first wall design consists of a pressurized water tube bank. The |
structural material is a martensitic steel (MS) and referred to as Martensite for

NET (MANET). The blanket is constructed of the same structural material,

liquid lithium lead (Li;7Pbgs) breeder, and pressurized water coolant in MANET

tubes for coolant. The Lij7Pbgs is circulated slowly to extract the tritium. The

details of the blanket désign are shown in figure I1L.2.

Ehst et al. {4) have developed a liquid lithium-cooled design using a

‘vanadium (V) alloy for the structural material. The first wallis a slab of this .

alloy with lithium (Li) coolant flowing behind it. The blanket consists of lithium

flowing through coolant channels defined by the vanadium structure. Behind
the blanket, there is a neutron reflector which consists of calcium okide (Ca0),
lithium coolant, and vanadium structure. The details of the blanket design are

shown in figure II1.3.




IILD. Reference SiC/Li;ZrOs/He Blanket Design (R4)

AIRIES project developed a design AIRTES-I (5) using silicon carbide (SiC)
structure and heliurn (He) coolant. The breeding material is solid lithium
zirconate (Li;ZrQOj), with isotopically tailored Zr to reduce off-site exposure
during an accident. This design incorporates a Be neutron multiplier to achieve
sufficient tritium breeding rétio (TBR). The details of the blanket design are

shown in figure 104,

- TILE. Blanket Design Variants
In order to obtain a more direct compatison of differént possible structural
materials, variants of the FeS/Li;O/H70 blanket design Rl described in section
IILLA with other structural materials, were considered. The materials studied
were stainless steel 316 (316SS), the manganese steel alloy VA64, the proposed
improved stainless steel known as PCA, and the vanadium alloy V-4Cr-4Ti. The
first three are all austenitic steels and may be used in experimental, and early

fusion reactor designs, because of a better understanding of their properties.




“Table TH.1

~ Blanket Design Igent_iﬁcatiog_ _

10

Breeder

Multiplier |

‘Structure! | Coolant
R1 (2) FeS/ Ferritic H,O Li»O Be
Li,O/H,O Steel L
[ R2(3) |MS/Li;7Pbgs/| MANET | H,O | Lijslbg | Pb
H,O
R2 (4) V/Li V-4Cr- | Lithium | Lithium none
I 4Ti2
R3(5) |SIiC/LinZrOs/| Silicon Helium | LisZrQOs ‘Be
: He Carbide2 {
Vi \'Zi V-4Cr- H,O | LiO " Be
LizO/H;0 4Ti2 -
V2 31655/ 31655 - H>O Li,O Be
LixO/H,O
V3~ PCA7/ | PCA H,0 Li,0 Be_
Li,O/H,0
V4 VA64/ VA64d H,O Li>O Be
' Li-O/H>0 :

‘1. Dispersion strengthened copper is the structural material for the divertor plate in all designs.

2. Structural material in the vacuum vessel and shield is the ferritic steel.

Design Parameters for Original Blanket Designs

Table HI.2

FeS/ [MS/1Li;7Pbgs/ V/Li | [SiC/LipZrOs/
Li,O/H,0O H,O _ He

Major Radius 6.3m 6.0m 6.75 m
Minor Radius | 182m 10m 160 m
Fusion Power | 3000 MW 2200 MW 1950 MW 1925 MW
Average First | 3.0 MW/m”2 | 2.2 MW/m"2 | 50 MW/m"2 | 3.1 MW/m"2

Wall Load :

Peak First | 5.0 MW/m"2 40 MW/m"2

Wall Load :

" Reference 2 3 4 5
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~ CHAPTERIV

MATERIALS PROPERTIES:

This chapter des_éribes all material cdmpqsitiohs and thermo-mechanical
and radiation damage properties that were used in this research. It also gives
brief discussions of why some choices were made. ThermO—méchanical
properties are given in table IV.1 and compositions in table IV.2. In a fusion
reactor, activation will be a primary concern. Materials must bé chosen, and
impﬁrities controlled, to reduce activation. For this reason the results for thé _
structural materials are given for both the pure (as designed) materials, and with
representative level of unintentional impurities. This will show- the lowest |
possible activation rates and the effects of the specified impurities. The

impurities used are also included in table IV.2.

| IV.A. Sj;mgm. ral Materials
Redu fivation Ferritic Steel o

Low alloy steels aré considered as possible llow activatioﬂ materials and
are being actively developed in the US, Japan, and Europe. The reference
structureil material in the Japanese design (2) is of this type. The material
properties were taken from the Nuclear Systéms Materials Handbook (13) for the
material HT-9m. According to Klueh (14), go'od agreement in materials |

properties exists between this material and the reduced activation steels. Gelles
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(15) reports on irradiatiqn .dalﬁag_t.ef}of f_érritic steels that they are damage resistant.
to 200 displacements p’e\f" atom (dpa). In the Japanese design, the operating
temperature is less than__SbO C. The composition was taken from Bloém (16)'.

* Martensite for NET(MANETils the reference matetial in the design of the
Eurqpean lithium-lead'blahket design (3). All prdpertiés and thé'co.mpositi'oh
were taken from the NET database (17). In the absence of data, a radiation
damage lifetime of 200 dpa was chosen to facilitate comparison with the reduced
activation ferritic. The operating tempefature in this design V\Iras 500 C (3).
VA4Cr4Ti | |

This material ié. currently under development in the. US as a low-activation
structural material. The properties for this material were gathered through
personal communications (18). A damage lifetime of 200 dpa is used, which is
expected to be a reasonable value (18). Table IV.2 contains the alloy composition
(19). Since the primary motivation for development of this alloy is low |
activation, it is expected that impurities will be maintained at low levels and an
impurity level of 1 ppm Nb was assumed (18). |

ili id _

The properties of silicon carbide were taken from the AIRIES-T report (5).
The mechaniéal I;roperﬁes were given in this report, which indicated that silicon
carbide can operate at over 1000'C. In this report, a radiation lifetime of 200 dpa
was used, and this same value was used in the present work. Impurity
concentrations, which were used in this analysis, were given in the AIRIES-I
report. Fetter (20) ga\.ze a different set of impurities, both are included in table
IvV.2.




17

- 316 Stai teel
This material has been used éxténsively in ir_tciustry and a large database
of its properties exists. This material exhibits h'igh swelling rates at high.
temperatures and is therefore limited to operation below 400 C. Radiation
damage will limit operation, with an e:ﬁ_peci’ed lifetime of about 60 dpa (18).. The
mechanical properties and composition were taken from the ITER-CDA -
materials database (21). | |
This matgriq:l is a_.modifi,gd s_taiﬁ]gss steél to improve radiation damage
resistance. Pfoperties of this material Wére not available. The 31655 properties
were assumed. The‘ Composition' was}aken from Kinzig (22). In the absence of
data and since PCA is designed specifically to improve radiation damage
resistance, an irradiation. lifetime of 100 dpa was assumed tb show the effect of
increased lifetime.
VAss |
VA64 is a manganese stabilized austenitic sfainless steel which is an
alternativé to 316 stainless steel. Zucchetti and IZ'ublena {23) and Piatti and
Schiller (24) studied the properties of several manganese steels. Piatti and
Schiller found that VA64 had a "noticeably high thermal stress resistance” and
‘this was the Ireason for selecting VA64. Piatti and Schiller found that swelling
behavior of high manganese austenitic steels are similar to type 3165S. Thus, the
same value of 60 dpa, as for 316SS, was used for the radiation damage lifetime . |

The stress limit was taken from Piatti and Schiller and all other properties were

taken from Zucchetti and Zublena.




18

Each of the reference deéigns used a different breeding material to
produce the required tritiurn. The compositions are given in table IV.3.
Lithium Oxid

The Japanese reference blanket design (2) uses solid Li;O for tritium
breeding. The sol_id' breeder is in pebble form at 85% theoretical density and a
70% packing factor. The Li-6 is preseht_ at 7.5% in naturally occurring lithium
(25). Impﬁrity concentrations were taken f_rorﬁ ‘_Holdren £26).

The European reference Blanket design (3) uses the eutectic Li17Pbgs liquid
metal. The lithium is enriched to 90% Li-6 (3). Impurity concentrations were
given by Holdren (26)' and by Fetter (20). Thereisa large discrepancy between
them. Both are given in table IV3 The impﬁrity concentrations from Holdren
were used since this is the more recent work and Fetter was cited in the Holdren
paper.

The Argonne reference blanket design (4) uses pure lithium in liquid
metal form as both the breeder and coolant. The lithium is not enriched. The

impurity concentrations were taken from Fetter (20).

I




19

i rc
The AIRIES-I ré:_ference blanket design (5) uses solid LizZrO; for tritium
breeding. The solid breeder is in pebble form at 90% theoretical density with an
80% pa-cking factor. To reduce activation, the zirconium is isotopically tailored.
The tailored corri'position (5) is 99.908% Zr-92; 0.057% Zr-90; 0.013% Zr-91;
0.019% Zr-94;-_0.003% Zr-96. The Li-6 was enrichéd to 80%. The impurity

concentrations were also taken from this report.

In the Japanese reference (2) design and the AIRIES-] reference design (5),
beryllium (Be) wés_ adcied as neutron multiplier to increase the tritium breeding
ratio (TBR). In the Japanese design, the beryllium is present in solid blocks. In
the AIRIES-I design, it is present in-.pebble form at 90% theoretical density and a
80% packing factor. The ilﬁbu-:;ity concentrations were taken from Fetter (20).

The composition of beryllium is included in table IV 4.

IV.D. Divertor Material - Dispersion Strengthened Copper

The divertor will be subject to extremely high heat loads and one of the
leading candidate materials is the dispersion strengthened copper, which is
being developed for ITER (21). Copper has very high thermal conductivity and
by dispersion strengthening with alumina (AlO3), it is expected to be able to
withstand this intense loading. Tﬁe properties were taken froni the ITER-CDA
materials database (21). The radiation damage lifetime of 150 dpa was chosen

based on the report by Zinkle and Fabritsiev (27). In this report, .they found that

swelling was still minimal at values up to 150 dpa. An operation temperature of
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500 C was cﬁosen based on Zinkle and Fabritsiev, in vlvhich they found that
"based on the available data, dispersion'strengthened copper (Cu-AlO3) may be
used up to temperatures in excess of 500 C". The impurity concentrations for
copper were taken from Holdren (26). The compositibn is included with the

structural materials in table IV.2.

TableIV.l

Structural Material Properties

HTOm | MANET | V4G 5 31655 | VAG62 | DScopper
(131415 | 17 agy'i | o) 82y | @329 | @127)
US(Pa) 396E+08 | 4.94E+08 | 4.40E+08. 485E+08 | . 2 50E+08
YS(Pa) 307E+08 | 4.26E+08 | 2.70E+08 1.65E+08 | 2 20E+08
Stress Limit | 1.02E+08 | 1.42E+08 | G.00E+07 | 1.40E+0B | 5.50E+07 | 2706+08 | B8.33E+07 |

{Pa) :
Expansion 1.23E-05 | 122E-05 | 1.04E-05 | 440E06 | 1.80E-05 | 1.64E-05 1.85E-05
Coeff. (1/K)

Elongation TBIE+11 | 1.81E+11 | 1.12E+11 | 3.64E+11 | 1.66E+11 | 1.67E+11 | O.93E+10
Modulus (Pa} o :

Thermal 30.0 26.2 34.0 150 148 252 2883
Conductivity :
(W/mXK)
Poisson's ratio | 0.30 0.30 0.37 016 | 027 0283 | 033
Temp (C) 500 500 600 1000 400 500 500

dpa limit 200 200 200 - 200 60 &0 150




Table IV.2

" Structural 'Material'-'Coi:Tlpositions

Ferritic Steel (1-9)_-11_,- ‘MANET(17) - V-4Cr-4Ts (19). " ‘Silicon Carbide (5) -
- 757 g/em”3: Tk 776 g fomh3 5398 g/cm"B i 250 g/cm"S

- ow/oll w/o . /o ajo
Fe Remainder |Fe Remainder fi° Remamder [Sl 50
C 0.08-012 ||C 0.13)|Cr 4“(: 50
Si 001006 | 106 Ti 4 Impurities
Cr 7.5-8.5 0.87| Si 0.05 AIRIES-T | . Fetter

3 )T N V- J
w1822 |l u'npuntles | wppm|  appm
v 0.15-0.25 0.22 1] 1|
Ta | 0.01-0.06 0.16 3] 02
Impurities w/o|l Si 0.37 | - 0.045
(16)
Mn | <05 (0.5) 0.82 0.06
P <001 .01ffs 0:004 0.04
S <0.01 (0.01)][P 0:005 |- 0.02
Mo LAP {4 ppm) 0.0085{ 1
Ni <01 (0.1) N 0.003 0.002
Nb LAP (.5ppm) || 0.054 || 0.003
N <0.001(0.001) |[- 0.01 0.01
Al” |LAP 0.02)] 0015 0.00003
0.053 | 0.08




TableIV.2 (cont)

Structural Matérial:CQmpdsitions |

31655 (21)_ VA64(23) | - PCA(22) || .D.5 Copper(21)
7.86 g/cm”3 772g/cm*3 || 7.97g/cm?3 - 7.97 g/cm”3
— —w7e ]

Fe Remainder :|| 1 ' Remainder |[Fe | Remainder || Cu = | Remainder
Cr 174 Cr 20,76 |[Ni _ 16| AlLO; | 02w/o Al
Mn 1.8[|Ni - 0.25||Cr 14 impurities (26) | w/o
Ni . 12.3|[Mn 1059/ Mn 2| Zx 0.15
Mo - 25]|si ~ 0.12|Mo 2|l Fe 0.0022 |
Co - o_.ﬁls' ~0.006|iSi -05'(5 0.0012 ]
Cu 02| 0.024 ] Ti 0.3 Ag 0.0012
Si o.g‘ Mo 104V 0.1} Ni 0.0005
B 0.001|| V. 1w 0.05{| As 0.0005
C 0.024|[N 0.5][ Al 0.03]{ Sb 0.0005°
N 006[[C 0.62][Co 0.03|[Pb 0.0005
S 0.002 [ Nb ~ 1.2][Nb 0.03 lis‘e _ 00002
P 0.027] Co 0.03][Cu 0.02]f Sn 0.0001
Al 0.001 ]| As 0.02][ Te - 0.0001
Impurities (23)_|_w/o N - 001 || Bi 0.0001
Ifsn - 0.005|[P ~0.01 [ Mn - 0.00005
I Ba 0.0002 || Ta 0.01]
[5m " 0.00005|/B - 0.005
[ Bi 0.0005 || C 0.005
e | -
b 0.00005(/S 0.005
[ Eu 0.00002 |[ Zr 0.005
Ir 0.00001 [[ 5n - 0.005|) .
Ag 0.00005 || Sb 0.001 ||
) - Ba 0.001 ||
‘Tb 0.001
Ir. 0.001
Pb 0.001
'Bi 0.001
| K 0.00031
| Cd - 0.0002
“ " Ag 10.0001

22




Table IV.3

Breeding Material Compositions

23

Lithum Oxide (26) || Lithium (@)

(Li20)

(Li)

"Lithium Zirconate l’
(LinZrO3) (5)

~ Lithium Lead B

(Li17Pbg3)

210/ em3

053¢/

cm3

951 g/cmA3

w/o

4.16 g/em3 4"
a/o

83

. 1004 Zr

16.7

o
Li

17

90% Li-6

ities

w/oj Li

333

"~ BO% Li-6 ] .

| Holdren

(26}

Fetter
_(20)

000110

impurities

0.005 [} impurities- | -

0.1

0.031K

0.05

0.008]| Ca

0.05

0.004 | C1

0.03

0.02] Fe

0.03

003

0.03

000012 | -

0.0003

0.03

0.026

0.001

001}

0.00018

Fb
Na
0.0002 || Al
Mn
Ni

0.01

5i

0.01

"0.00018

Cu

0.0

0.0

000

0.005

0.005

0.003

0.003

0.003

0.003

~ 0.003

0.0003

.10.002

0.002

0.001

0.001

0.001

0.001

0.001

0.001 |

0.001

0.001

~0.0002 |

0.001

S 0.001]

0.001
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Table IV.4
Other Material Compositions
Beryllium (20) J| Calcium Oxide (19) || = Aluminia<(28) Lead(20) . | -
{Be) | (Ca0) - {AhOg) (Pb) -
185g/em3 || 3315g/em3 || 397g/em”3 1135 g/cm3

w/ol| a/o| o a/o “w/o
Be 100]| Ca ' S 504 A1 404 Pb 100
impurities | pr!g‘ O S0H O 60]| impurities | wppm
Li : 3N - Cu 2
B 2 —1_ [ 10
C 1000 | Sb 31 -
N 300 | 1[ i 0
T | I
T | ||
Si - 600| M
Ca 200 _'
Cr 100}
(Mn | 150 '
Fe o 600 1]

1Co o 5 .

Ni . 300 e J|7
Cu © 100 ‘” '
Mo 20| I 1l
cd 2] - ||
Pb 201 jl I
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"~ CHAPTER V
" WASTE DISPOSAL PARAMETERS

- There are many activation parameters that can be evaluated. The .

parameters of interest in this analysis were parameters related to ra'dioa'cti_v:é

- waste disposal. The reason for focusing on waste disposal was because this is the

key to fusion realizing its potential as an environmentally benign enérgy source
and avoiding thé long-term/deep repository -Waste-disposal issue that is
currently faced by fission reactors. -Th‘e_ most effective method-of handling waste
is to redu-ce and/or eliminate it ﬂudugh an effective deSigh and 'choi.cé.-qf-
materials. | ' - | |

While there_'éi‘e;no'accepted national or 'mtemaﬁonél criteria for the
disposal of fusion wastes, the criteria presently used for other forms of
radioactive wésfe provides some perspective for fusion radioactive waste
disposal. The low-level waste criteria for s’_e'verél coun_ﬁ'iés (29) are liste'd;i;i’ table
V.1. There are several parameters which play a major role in current radioactive
waste Iiandling and disposal. These parameters are ﬁaste disposal rating, -
specific activity, total activity, contact dose, life cycle volume, and deep disposal
index.
| Since there are no large fusion néutron'_sourées'in ex15tt=nce, re g‘@l&tory
limits for disposal of the majority.of. isotopes that will be produéed do not éxist.

The waste di:sposal rating (WDR) is defined in terms of the maxim_ui‘n allowable
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dose that could be received by an inadvertent: iht:rud-er'to:an abandoned waste
site. Fetter (30), based on the nuclear regulatory commission (NRC) intruder
dose scenario (31), calculated the concentration of each isotope which would
result in a 500 mirem/yr whole body dose or 1500 mrem/yr dose to a single
organ to an inadvertent intruder. In the inadvertent intruder seenario, there is
construction of a house on the waste disposal site after the period of institutional
control, assumed to b.e 100 years. Construction workers are exposed to gamrha'
radiation from the'.was'te and inhale suspended waste particles. If the waste is
still stabilized, they recognize it as radioactive waste and construction steps after
6 hours. Class C (31) waste, whieh is the most radioa(:tive class of waste sﬁll
considered low-level, is assumed to be stabi’l_i'zeﬂ for 500 years. If the waste is no
l-onger stabilized, the house is .completec_l with constriction taking 500 hours.
The house is then occupied and the residents of the house are exposed to direct
gamma rad-iation, suspended waste particles, and grow half of their food on the
waste site. B | o

From this type _df'_analy_sis, the limiting specific activities for the various
radioisotopes cari be established and the correponding critical concentrations can
be calculated. The WDR is then defined as the ratio _of the actual concentration to

the critical concentration summed over all radioisotopes present. Thus,

satisfaction of the dose limits to an inadvertant intruder corresponds to WDR <1.

Table V.2 lists the critical concentrations of the various radioisotopes

~ taken from the lower limit of values -'given in Fetter (30). -These values wete

calculated for activated metals. The results will be lower for wastes which are not
activated metals because of lower stability of these wastes. These were used as

the near-surface burial limits, and the specaﬁc activities of the chfferent
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components in each design were 'cl-etérmine'd by REAC*3 (11). Usihg these
values, the waste disposal rating (WDRY) for each component v\_ras determined.
The waste disposal rating was often dominated by a few elements and
therefore could be reduced c.lrastica-lly' if these elements could be replaced, if
alloying elements, _:or.eliininated if .imp.ur-iti_es. The WDR of the structural
materials incl?ﬁdi-ng impurities will be givén by element in chapter VII. The
values given are:ﬂie amount of the WDR due to that specific element. This
allowed deteﬁninatién of the ke.y' elements for achieving a LLW classification.
The life cycle volume, as the namé implies, is the total waste volume

generated during the life of the reactor. It is the component volume times the

number of that component used d.ur'ihg the life of the plant, based on lifetime

consideration such as radiation damage. | |

The deep disposal index is a param.e_’tér.which gives some sense ofthe |
relative hazard of the high level waste. The deep disposal index is ca_lculat?di by
sﬁmming the life cycle volunie multiplied by the waste disposal ratihg for all
components with a WDR greater than 1.0.

The specific of total activity of the waste gives only a general
representation of the waste hazard, but these values are often quoted. In some
countries, these parameter may form the basis for waste classification (29). The
total activity was calculated by taking the specific activity, calculated with
REAC*3, and m’ulﬁplying by the life cycle volume. For components which are
replaced this is an overestimate because of the decay from the time of
replacement to the end of the plant life. |

Since tritium (T,,,=12.3 years) is not nnportant on the long time scales of

concern for waste dlsposal it is not included in the activation calculattons

e Ve eran o= = Ry
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When handling radioactive material is being considered, one of thé'rﬁﬁsf
important pérameters is the contact dose. This determines the amount of -
shielding required, if remote handling is required, if the material can be -réCYCIed,
etc. Therefore, this is a strong factor in"defemjinix_‘ig‘ the cost of handling and |
transporting the waste. The contact dose is defined as the photoﬁ dose at tﬁe '
surface of an _u:ﬁformly .contaminated semi;ihfihite slab of the material. Contact
dose is alsb a basis for waste classification in some countries (29). |

All parameters are calculated based on several assumptions. The" .
following is a list of these "assi.lmp_tions. Solid breeding materials are not

recycled. Allrliquid materials are removed and handled separately. Water is

- treated and released to the environment. Lithium and lithium lead are used for

the life of the plant and the quantity used is twice the volume present in the
reactor. They are then disposed of as radioactive waste. All components are

disposed of as units. No credit is taken for dilution. The entire blanket reg'-'i'o:ﬁ

.inside the vacuum vessel is removed at each blanket replacement.
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" Table V.1

- Low-Level Waste Criteria (29)
[Country " [Waste [ Criteria_
‘USA i Isotope Specific
Japan Solid ~ [1-103 Ci/m?
- |Liquid . |10-3-106Ci/m3
'Gaseous 10-6-10-% Ci/m3
JUK. Alpha <0.11Ci/t
. Beta, Gamma <0.32Ci/t
France " | Tsotope Specific
[FRG |Isotope Specific
Sweden " |Alpha 0.27 Ci total site
Beta, Gamma 270 Ci.total site
USSR |Solid  Alpha ~]0.01 - 0.0001 Ci/t
Beta” 0.1-0.001Ci/t
Garmma 0.3 - 0.0003 mSv /hr
o | Liquid <102Ci/m3
IAEA~  |Sold <2 mSv /hr
proposal. | Liquid 10-3-10-6 Ci/m3
Gaseous <10-10Ci/m3

29
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Table V.2 :
Near-Surface Disposal Specific Activity Limits (30)

lsotope Limit |} Isotope ) Half-life |- . Limit Isotope | Half-lifi ¢ Limit -
| (Gi/mn3) | (yrs) | (Cifmn3) (yrsj . | (Ci/m?"3)

h 3 ~ TMSA" § sn¥2liin | 5.50E<01 | '7.00E+Q5 || pb210 | 2.23E+01 | "3.00E+07
be 10 | 500E+03 || sn126 | 1.00E+05 | V.0GE-01 || bi207 | 3.22E+01 | 9.00E+03
c 14 | 570E403 | 6.00E+02 || 129 | 157E+07 | 2.0QE. 3.00E+#06 | 1.00E+00
2l26_| 7.20E+05 | S.O0E-2 || cs135 | 3.00E+06 0E: 1.02E02 [ 3.00E+03
5132 | 1.OAE+02 | 6.00E+02 || ¢s137 | 3.00E+01 | 5.00E+0 " 160E+03 | 1.00E-01
36 | 301E+Q2 | TO0E+01 || 1al37 | 6.00E+4 EH SBOE+06 | 3.00E+07
ar39 | 2.69E+02 | 2.00E+04 || 1a138 | 1.06E+11 | 1.50E-O1 2.18E+01 | 5.00E+05
ard2_| 330E+01 | 2.00E+02 || pmids | 1.77E+01 OF 40 7.30E+03 | 2.00E+00
k 40 | 1.30E+09 | J.00E+00 | pmld6 | 5.50E+00 OE<0 ~ 740E<04 | 3.00E-01
cadl | 1.03E+U5 | 1.00E+04 || sm146 | LO3E+06 | 1.70E+ " 1.40E+10 | 1.00E-01
ti4d | 4.70E+01 | 2.00E+02 “ smi47 | 1.0BE+11 | 170E-0 6.28E+04 | 7.00E-01
mn53 | TMSA; | T30E+04 ]| smi51 | 9.00E+01 6.89E+01 | 3.00E+01
fe60 | 1.00E+05 | LOOE-01 té_m 50m || 3.60E+D1 | 3.00E+03 1.59E+05 | 2.00E+01
co60 | 5.30E+00 | 3.00E+08 | eul52 | 1.33E+01 | 3.00E+05 2.45E+05 | 9.00E+01
ni59 | 7.50E+05 | 9.00E+02 || eul54 | 8.80E+00 | 5.00E+06 704E+08 | 2.00E+00
ni63 | 1.OOE+02 | 7.00E+05 || gd148 | 9.80E+01 | 2.08E+D5 ~ TMSA' | 1.20E+03

se79 | 6E0E05 | BOOERO [ gdl50 | 1.80E+06 | 2.00E+03 [ TMSA'"_| 6.30E+00 |
kr81 | 2.10E+05 | 3.00E#01 || b¥57 | 1.50E+02 | 5.00E+03 1.15E+05 | 1.00E+0D

kr85 | TMSA' | 6.00E+08 || tb158 | 1.50E+02 | 4.00E400 2.10E+06 | LOOE+00 |
87 | TMSA® | 1.30E:01 || dyi54 |, 1.00E+07 | 1.00E+03 B77E+01 | 7.00E+04
st90 | 2.85E+01 | 8.00E+05.|[ holébm |, 1.20E+03 | 2.00E-01. | 241E+04 | 1.00E+03
zr93 | TMSA" | 1.70E+04 [[ ul76 || TMSA' | S60E-O1:: 6.60E+03 | 1L.ODE+03
nb 91 | 6.80E+07 | 2.00E+02 || hf178m [} 310E+01 | 9.00E+03 |' " 1.44E+01 | 2.00E+03
nb92 | 3.60E+07 | 2.00E:01 || RABZ || 9.00E+06 | 2.00E0F| ([ 373E+05 | 1.OGE+03
nb93m | TMSAT | 2.40E103 || rel8ém |} 2.00E+05 | 2.00B+01 |t B.0BE+07 | 9.00E-01
nb94 | 2.00E+04 | 2.00E:01 || rel87 '|| IMSA' | 1.00E+00) I 432E+02 | 5.00E+01
mo93 | 3.506+03 | 4.00E+03 || 0s194 | TMSA' | 7.10E+09 || 141E+02 | 3.00E+02
tc97 | 2.60B+06 | 4.00E:01 ;“?‘irfgjzm' T 241E202 | LOOE+00! || 7A0E+03 | 2.00E+00
tc98 | 420E+06 | 1.00E«02 || ptio0 | TMSA' | 6.50E-02 || 285E+01_| 6,00E+02
tc99 | 2.13E+05 | 6.00E-02 || pt193 | 5.00E+01 | 2.00F+08! 1.81E+01 | 5.00E+05
pd107 | 6.50E+06 | 9.00E+02 || hgl94 | 5.20E+02 | 5.00E-O1|| cm245 | B.50E+03 | 5.00E+00
agl08m | 1.27E+02 | 3.00E+00 || pb202 | 5.30E+04 | 6.00E-01:) cm246 | 4.B0E+03 | B.00E+02
cdl113m | TMSA' | 2.00E+09 || pb205 | TMSA' | 1LOOE¥03 Il cm248 | 3.40E+05 | 8.00E+02

1. Theoretical Maximum Specific Activity :(T MBSA} does not exceed dose limits to inadvertent intruder.




CHAPTER VI

MODEL COMPARISONS

The rien_ifrbﬁics model used was a one-dimensional cylindrical
representation of a toroidal fusion reactor centered on the plasma centerline. | '.
This is referred to as the toroidal model. This model is shown in figure VL1.

One of the important quantities calculated was the ti‘ilium breedi'ng ratio
(TBR). In order to verify the neutronics model, the results were compared w1th
the TBR values reported for the 0r1g1na1 reference designs. For each reference
cle31gn, a different model was used. In one case a 3-D Monte Carlo method was
used and in the others various 1-D representations were used.

For the Argonne design, a 1-D cylmdncal representatlon of a toroidal

fusion reactor centered on the flux core centerline was used { 19). This is referred

to as the poloidal model and is shown in figure 2. To compare cross section sets,

the ANL poloxdal model was run using the MATXSlO cross sections. In the ANL
calculations, a 'I'BR of 1.222 was reported (19). Using the same polcndal model a
TBR of 1.243 was calculated. Then the TBR was cal culated using the t0r01da1
model which yielded a TBR of 1.203. '

' In the European design (3), a very detalled 3-D Monte Carlo- calculaﬂon |
was performed for a model including divertor, ports, etc. A TBRof 1.190 was
reported. In this analysis, using the toroidal model, a TBR of 1.380 was
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calculated. This model assumes full coverage of the torus by the bléthl;et, and
therefore overestlmates the actual TBR.

In the ]apanese design (2), the same type of polcndal model that was used
by Argonne appears to have been used. A TBRof 1.420 for the full torus was
reported. Based on the results reported, the value for the outboard bianket alone
was 1.336 (nuinber of tritium produced in outboard blanket / ‘number of fusion
neutrons incident on outboard blanket). In this analysis, using the tormdal '

model, the calculated TBR of the outboard blariket was 1.335.

In the AIRIES—I study a 1-D toroidal model appears to have been used (5). |

They calculated a TBR of 1.214. In this analysis, the calculated TBR was
calculated to be 1.222. _' _ | o

The resuits of this companson are tabulated in table VL1. In this analysm,
the TBR was an impottant parameter for scaling the blanket size. In ‘comparing.

the calculated results with the values reported for the reference designs, it was

judged that agreement to be sufficient to confirm the adecjuacyr-of- the model for

this purpose. Sufficient blanket thickness was chosen to achieve a TBR of 1.20
using the one-dimensional toroidal model. ‘This takes into account the_effectlof '
divertors, ports and other regions unavailable for tritium breeding and to still

allow for a TBR significantly in excess of unity. \




[

Tab-l'e VL1

“TBR Comparison
[ Design | Reference | Calculated | -Model | Blankets |
. TBR TBR Used | Modeled
Japanese | . 1420 Poloidal | Inboard &
2 _ Model | OQutboard |
1.336 1.335 | Toroidal | Outboard
_ _ ~ Model - .
Argonne | 1.222 - 1.243 Poloidal . | Inboard &
(19} ' _ Model Outboard
1203 | Toroidal | Outboard
| __ Model
European 1.190- . | 3-D Monte Iniboard,
3 - Carlo Qutboard &
: _ L - Divertor
11380 “Toroidal Outboard
' _ Model
AIRIEST | 1214 1222° | Toroidal | Outboard
(5) ' ‘Model
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Kinzig et al. (22) performed activatisn calculations on a PCA /lithium
design. The r¢$u1ts included total inventory and contact dose; and waste |
disposal rating could be inferred. Exact d_'et.a'ilé of their model were not available.
Table V1.2 lists a comparison of the results. The 'Kinzig values listed in table V1.2
were estimated fr-om figures in that work (22). ‘ |

In genéralll the waste 'di5posa1 ratings for the various components showed
good agreement and in general were within the accuracy with which the values
could be estimated from Kinzig's flgures

There were some differences betweer-a the contact doses, with this analySIS

having consistently higher results. Most of the time, this analysis yielded results

2-4 times higher , but the maximum difference was .40 times higher. The contact

dose in the blanket was higher than in the first wall in.Kinzig. This could not
occur with the model used in this analysis and clearly fepresents a difference in
modeling (i.e. other materials present, or activation for longer than stated).

| The contact doses in the first wall showed good agreement at all times.
The values were typically within the accuracy with which the values could be
estimated from the figures in Kinzig.

The results of this comparison are shown in table V1.2. This compa%risdn- _

generally supports the adequacy of this model. Reference design results-ére..

compared with values given in the reference reports when available.
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Table V1.2
- Activation Comparison

. First Wall - BCA - Blanket - PCA Manifold #IL- PCA

[Shutdown| Kinzig | Calculated | Kinzig | Calculated | Kinzig | Calculated
. | Time _(22) : . _ | |

Contact lhour | 1.20E+07 | 144E+08 | 3.00E+07 | 6.22E+07 | 1.00E+06 | 1.36e+07
Dose 1day | 5.50E+06 | 1.25E+08 | 1.55E+07 | 2.97E+07 | 2:10E+05 | 7.04e+06
(mSv/hr) | 1week | 5.00E+06 | 6.71E+07 | 1.50E+07 | 3.01E+07 | 2.00E+05 | 5.87e4+06
1 month | 4.00E+06 | 5.74E+07 | 1.30E+07 | 2.36E+07 [; 1.50E+05 | 6.12e+06
1year | 1.10E+06 | 1576+07 | 3.00E+06 | 5.91E+06 | 8.00E+04 | 1.17e+06
30 years | 9.00E+03 | 1.14E+05 | 2.80E+04 | 4.66E+04 | 9.00E+02 | 9.87e+03

Waste 559 710 307 425 193 213

. Manifold #2 -

" Shield -

" Fe-2Cr-1V Fe-2Cr-1V
Shutc_lown - Kinzig Calculated_;: szlg '_ Calt::ulated
Time - N _ . :
Contact | Thour: | 2.50E+05 | 8.39E+05: | 3.00E+04 | 8.89E+04
Dose 1 day 4.10E+04 | 1.57E+05 | 2.40E+03 | 9.48E+03
(mSv/hr)| 1week | 4.00E+04 | 1.52E+05- | 2.20E4+03 | 7.84E+03
1 month | 3.50E+04 | 1.37E+05 | 1.80E+03 | 5.81E+03
1 year 2.00E+04 | 541E+04 | 4.00E+02 | 8.42E+02
30 years | 6.00E+00 | 8.13E+01 | 4.00E+00 | 8.43E+00
Waste 1.4 2.59 0.6 0.2
Disposal
Rating

o
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~ CHAPTER VII

~ DEMONSTRATION REACTOR DESIGNS

Each design was sized according to the material p_rdpei‘ft_ies by adjustirig

dimensions to::satisfy physics and engineering constraints. The calculationa}

- model was developed by Stacey (6). The méde;l'itéfates on the various physics

and engineering .c@nsi:rai-nts to determine the minimum inajor radius devfce .-tl'.lat
will satisfy these constraints. |

The structural components of the central solenoid, téroidal ﬁeld-’ﬁoi]‘?énd
support structure were sized to satisfy ASME code -requireinents for SSSI6T;N',- '
taking into account reduction of the stress allowable S_, due to crack growth for
cyclic operation. Adequate conductor cross section was allowed to accommodate -
the ITER-EDA Qutline De513n current density (32) and a maximum toroidal field
of B=12 T. The number of pulses used for the stress allowable reduction is
determined from the total operating ti.me and the pulse length of 10* sec, plus 10*
shakedown pulses.

The flux core was sized to provide the volt-seconds réquired to indu'ce. _

and maintain the plasma current dilring the burn pulse, taking into account
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bootstrap (33)'and' ﬁonéinductive (34) current drive, and allowing for 50%
reduction in sfafm.p fésisﬁVe volt-seconds due-to__étarfup assist. Anupper limit
of 80% bootstrap current was imposed to take-into accounf the necessity to
provide some non-inductive current dlrive to tailor current profiles. The pulée
length was determined to minimize. majc':'r radius ft/'qm a tradeoff between fhe
increasing flux core needed .for longer puises and the increasing magnet
structure needed for a larger number of pulses. |

The shield was sized to limit peak nuclear heating and ﬁeutro’n fluence in
the inboard TF coil to 1 mW/em® and 2x10% n/m?, ;-eé,pgctively (35). The blanket
was sized to attenuate 95% of the nuclear 'én'e-lrgy'flux and to achieve-a (1D
model) tritium breeding ratio 2 1.20 in order to insure tritium self-sufficiéncy.

. The vé;cuum vessel, located between the blanket and the shield, was sized
to withstand an overpressure of 10 atmospheres.

The first wall heat removal elemént and strongback were sized to satisfy
ASME code stress élllowable under coolant and disruption pressures. The
plasma minor radius must be large enough to satisfy the g, constraint and also
to result in a first wall peak heat flux below the ASME co_clel thermal stress- o

limited value. A tube bank model that has been adjusted to match mqr_e-exéct

- models and a peaking factor of 2.0 were used for the heat flux ‘calculations.

_The major radius was then determined by summing the constituent
thicknesses and addmg 10 em to allow for gaps between the first wall and

toroidal fleld coil.
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The plasma temperature was set at T = 10keV and the plasma density was
determined from the specific fusion power. In order that each design point
would have the same confinement potential, the plasma current was then

calculated, using the ITER89P scaling law (33) with the appropriate confinement
enhancement factor, H, to yield an energy.cbnfmemeﬁt time t = 3.0s, which |
provides some margin for power bal'ahce and the 1 obtained from the scaling
law. The solution is constrained to satisfy the specified Bn-linﬁt. A 10% He
concentr.ation_plus an oxygen impurity Z . = 1.5 are assumed. The ITER form of
the physics constraints (33) and the 'geheral'ITER désign procedures (35) have.
been followed. - | |
The cofn-position_s'and resulting radial d:i:r:iiensidns of the éomﬁbhénts-iﬁ
each design afe given in tables VIL1.a-b. "fhe reéulﬁng v'alués of key pafameters' _
for the DEMO's are given in table VIL2. |
‘Table VIL3 lists the évemge neutron load to the first wall, divertbr wall,
and divertor plate for each design. The blanke:t, vacuum vessel, and shie_ld are
subject to thé attenuated first wall l:oadQ The calculated lifetime for the first 1.i'vvall,'
divertor wall, and diveftor plate are also giveﬁ.’ The vacuum vessel and shield

are designed to last for the entire 10.0 effective full power years (EFPY) of

operation for the demo design being modeled.




Table VIi.1.a

4

Compositions and Dimensions of the Réference Reactor Designs

R4

-~ RI ] R R3 - .
Component | Materials | Thickness | Materials | Thickness | Materials | Thickness | Materials | Thickness
| _ (cm) | (e | (cm) _(em)
First Wall Ferritic 2.68 MANET 224 VAL 252 Silicon 243
Steel/ : /H,0 Carbide/
_HO . L L _ He L
Divertor ' DSCu/ 4,24 DSCu/ 4.32 DSCu/ 443 . DSCu/ 382
| Plate HO | H,0 _ Li He _
Divertor | Ferritic | . 268 | MANET 2.24 V/Li 2.52 Silicon 2.43
Wall Steel/ /HO Carbide/
‘H.C _ e He
Blanket | Ferritic | 440 | MANET | 400 V/Li/ 855. | Silicon | 960
Steel/ /H,0 CaQ Carbide/
HO/ . Li\;Pb,, . He/Be/
Li,0/Be _ N o L, Zr O, |
Vacuum | Ferritic | 2.38 MANET |  1.85 Ferritic 2.54 Ferritic |  2:94
Vessel Steel Steel Stee] .
Shield Ferritic_ 635 | MANET 58.1 | Ferritic | 474 Ferritic 415
. Steel/ /H, O Steel/ Steel / :
~H,0/Ph /Pb H,0/Fb H,0/Pb
1. DSCu - Dispersion Strengthened Copper
Table VIL.1.b
Compositions and Dimensions of the Variant Reactor Designs
V1 ‘v2 . V3 , V4
Component | Materials | Thickness | Materials | Thickness | Materials | Thickness | Materials | Thickness
~ {em) . (cm) . {cm) . {cm)
FirstWall | V/H,0 247 31655/ 3.50 PCA/ 352 VAG4/ 1.50
| R B H,O _HO _HO
Divertor' | DSCu/ 4,23 DSCu/ 4.62 D5Cu/ 4.65 DsCu/ 424
Plate H,0, : HO . H,0 - H,0 ;
Divertor Ferritic | . 2.42 . 31685/ 350 PCA/ 3.52 VA64/ 150
Wall Steel/ ' H,O H;0 - - HO
H,0 _ _ _ -
Blanket | V/H,0/ 373 31655/ 420 | PCA/ 360 VA64/ 425
Li,O/Be - H,0/ H,0/ H,O/
. : Li,0/Be | - Li,0/Be Li,O/Be
Vacuum | Ferritic 2.34 31655 3:61 PCA 3.55 VA64 1.16
Vessel Steel i
Shield Ferritic 721 31655/ 60.4 PCA/ 63.9 VA64/ 67.9
| Steely H,O/Pb H,0/Pb H,0/Pb
H,0/Pb

1. DSCu . Dispersion Strengthened Copper

T
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Table VII.2
DEMO Reactor Parameters

Fusion ' o ' _ -

Power 1500 | 1500 { 1500 | 1500 |- 1500 | 1500 | 1500 | 1500

ow) | | N |
Lifetime 10 10 10 | 10 .| 10 10 10 10

(EFPY) _ : - e _

Major | 625 | 622 | 659 | 667 | 626 | 7.38 | 7.37 | 6.26
Radius (m)'| ' ] o o
- Minor 184 | 1.81 [ 1.97 | 199 | 185 | 241 | 241 | 184
Radius (m) o N ' .

Plasma 18 | 1.8 | 1.8 18] 18 1.8 18 | 18
elongation |
Maximum - _ _
Toroidal | 12 12 12 12 12 12 |12 ) 12 |

| _Feld(T) [ o .-

Plasma o SN B
Current | 1291 13.0 { 131 | 131 | 129 |.155 | 156 | 129 {

B, | 389 | 375 | 400 | 400 [ 392 | 296 | 293" | 3.90
HITERSOP | 3.00 | 3.00 | 2.79 | 275 .| 3.00 | 2.01 | 2.00 | 3.00
Auxiliary . _

Power 100 100 100 | 100 | 100 | 100 100 100

Mw) B 1
Maximum .

First Wall | 0.695 | 0.712 | 0.618 { 0.603 | 0.692 | 0.450 | 0.450 | 0.694
Heat Flux ' -
(MW/m?)

Average

First Wall | . ‘ _ ' _ ;
Neutron | 1.80 | 1.84 | 1.60 | 156 | 1.79 | 1.16 | 1.16 | 1.80"

Load - ' ' -
(MW/m?)




Table VIL3

Neutron Loads and Component Lifetimes
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R

V3

_ Rl | 2 | R3 Vi V2 V4
- Neutron ' -' '
. Load 180 | 184 | 160 | 156 | 1.79 | 116 | 1.16 | 1.80
First Wall | vw/m2 . ' o N E
' Life 528 | 441 | 546 | 5.86 51 241 | 402 | 1.61
(EFPY) : _ . _ -
Blanket Life 739 | 594 | 694 | 647 | 645 | 359 | 598 | 2.05
(EFPY) _ . .
| Neutron - ] _ _ _
Divertor Load - | 137 | 1.39 | 1.23 | 120 | 136 | 092 | 092 | 137
Wall MW /mz-) . | _ . . _
Life | 100 | 914 | 100 | 100 .| 10.0 | 499 | 831 | 3.33
(EFPY) - -
Neutron )
Divertor | Load | 093 | 094 | 0.85 | 084 | 093 | 068 | 068 | 093
Plate | (MW/m2) 1
~ Life "~ 385 | 391 [ 370 { 368 | 384 | 319 { 319 | 3.85

" (EFPY)




CHAPTER VI
WASTE DISPOSAL CHARACTERISTICS OF DEMO DESIGNS.

- This chapter is a discussion of 'the.res'.liijl’ifs for each design which was
evaluated. The results are presented in flgures in their respective sections.

Detailed numerical results are included in appendix A.

The stfue_tural material in all components, except for the divertdr pléife, ;
was ferritic steel (FeS). The structure of the divertor plate was dispersion 5 .
strengthened copper. In figures V]]I.‘l._a_-VII'I.l.e,."omer“'téfers to alumina *
(AlLQO3), lithium oxide (LixO), and beryllium (Be) in the blanket and lead (‘Pb)-in '
the shield. | | |
| The waste disposal rating for the various components are shown in flgure

'VIIL1.a. In this design the first wall, vacuum vessel ‘and shield W111 meet the

WDR limit of unity. The ferritic steel in the divertor wal-l will sllghtly exceed this’

limit with the epecifi_ed impurities, but the pﬁre ferritic steel in the divertor wall
has a WDR of 0.55, which shows that it could meet the WDR criterion if

impurities are controlled.

-
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The elemenfal contributions to the WDR in the structural materials in each

~ component ar_é shown in figure VII.1.b. This shows that tungsten (W) is the

primary element of concern in the pure structure and the impurities Mo, Nb, and
Al contribute 51gmf1cant1y to the WDR of ferritic steel.
In the dlvertor plate, the copper contributes very little to the WDR The

aluminum present in the dlspersxon strengthener, alumina (Al;03), was

responsible for Inea:ﬂy aﬂ'of the WDR. The concentration of aluminum is 0.2 %. =

Fetter's results (30) lead to an estimated limit of 0.1 % Al for that partic’ulaf a
design.  If near-surface burial limits are to be met, it may be necessary to réducé'
the alumina content if possible or to limit the irradiation of the divertor by de31gn
(i.e. distance from plasma, or shortened life).

In the Japanese blanket desigﬁ, a thermal insulator material would be
required to mcrease minimum temperatures (2). The material that was
mentioned (2) was alumma (Al Os). Irradlatlon of alummum produces the
isotope Al-26, which is a limiting isotope for wa-ste_dlsposal. Even though only a
small quantity of alumina would be present in the design, it would be sufficient
to prevent near-sur_face'buriai. In the absence of this alumina, the blanket would
meet the neaf-surfa.ce_'buria.l criter'iorlt,'W.DR £1.0. Since there are many other

possible thermal insulator materials, it should be reasonable to assume that an

acCéptable reﬁl:ac_éméht could be found. Therefore, alumina is only considered in -

this reference case and not included in any subsequent data or figures. In figure
VIIL1.a, the contribution to the blanket WDR by other materials is alumina, B
WDR=3.54; beryllium, WDR= 0.06; and lithium oxide, WDR=0.07. The beryllium

and lithium oxide used in this design will easily meet the criterion, WDR<1.0.
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' Asshown in figure VIIL.1.a, the'impu;i-itieg_ caﬁsed large increases in the
WDR. In the ferritic steel, this was due to molybdenum (Mo), niobium {(Nb), and
aluminum (Al). In the divertor plate, silver (Ag) was the primary impurity of
concern for the WDR. | |

In figmje VIIL.1.a, the WDR’s of th_e. fi_fst wall and d_i\}er'tor! wall showed a
large difference despite being the same material and design. This resulted from |
differences 'in.'geometry; The divertor wall is further from the plasma and |

therefore subject to a lower flux because of the geometric attenuation. The

lifetime is limited by the peak flux and the irradiation parameters were ev'aluated '

at the average flux. Since_thé divertor wall is further from the plasma, the peak
flux, which determines the irradiation lifetime, is lower and therefore the B
irradiation time longer. Also, because of geometry, the peak to a‘verage ratio for
the neutron load on the first wall was g'reater than on the divertor wall. Since

activation calculations are performed with the average flux, the divertor wall

receives a larger average fluence than the first wall over their respective lifetimes. -

In table VIL3, the irradiation time, determined by peak flux, and the average wall

load used to perform the activation analysis are glven This resulted in an
average neutron load of 9.50 MW-yr/m? for the first wall and 13.70 MW-yr/m2
for the divertor wall.

Figure VIHL1.c shows the specific activity for the various compbnents;' The
specific activity for each component is given at shutdown and 1, 10, 102, 103, 'a-ﬁ'cl
104 years aftér shutdown. By comparison the Japanese low-ie\?el waste (LLW)
limit for solid wastes is 1 Ci/m3 (29). Using this criterion, none of the _
components would be classified as LLW until at least 100 years after shutdown. |

In this case, impurities do not contribute significantly to the waste activity until
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100 years after shutdown. The total -a‘ctiﬁifty for each component is shown m '
ﬁgure VIIL1.d. | |

-The contact dose for each compone;ﬁt at -va;ioﬁs times..af-ter shutdownls
shown in figure VIIle. TheIAEA proposal for a LLW limit for solid wéisfe is <2
mSv/hr (29). Based on'fhis criteria, the first wail, divertor wall, and divertd’r
plate would not meet this limit within 100 je'_arsafter'shutdown. ‘The vacuum
vessel and shield would meet this limit between 10 arid 100 years after
shutdown. The blanket will not meet this limit at 100 'years if alumina were used,
but will be well below this limit at 100 yeats, without alumina. |

The life cycle volume (LCV) for each component is shown in _figﬁr'e
VIIL1£. The volume is also glven by material. The lithium oxide and béryllium |
contributed a large fraicfion of the volume, but did not sign.ificant‘ly contribute to
most of the waste disposal parameters th:'ai'.L wefe calculated for the blank'eti_ _

The WDR limit , which is based on detailed analysis of the dose that-_&:ould
be received by an inadvertent intruder, is believed to be representative of a; L
realistic criterion for LLW that would Qualify for near-surface burial. In terms of
WDR, ferritic steel without impurities will meet the near-surface buriai criterion,
but with the specified impurities, ferritic sfeel will be very clos;é to this limit and
in fact slighﬂy exceeds it in the divertor wall. If a WDR less than unity is to be
achieved, it is going to be critical to control impurities. In pérticular a few_such

as Mo, Nb, and.Ag will need to be controlled to parts per million (ppm) or less.
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The structural material in all compbnents, except for the divertor plate,
WaS"me'maﬁénsitic stéel (MS), MANET. No infortmation on impurities was |
found for MANET ‘Since activation was génera’lly QUitg_-higﬁh without impurities,
they were not considered. The structure ofitljle.--d?ivéi-tonf plate Was dispersion
~ strengthened rCOpper; The breeder in this deSigﬁ is a liquid metal, lithium lead.
Since it is a liquid, it is assumed that it would be drained from the reactor and
disposed of s‘eparétely.from the MANET structure. Therefore, in the blénket, the
structural material and lithium lead are treated as separate components, and
only the structural méter.i-al_ is shown in figures VIIL2. |

The waste disposal rating for the variOus components shown in fiéufe ._
VIIl.2a. In this design, all of the components exceed the WDR criteria of unity

by an order of magnitude or more.

The elemental contrnbutlons to the WDR in the structural materlals m. zéa?:h
region is shown in figure VIIL.2.b. This figure shows that the WDR for MANBT
| is dominated by the presence of molybdenum (Mo) and mobmm (Nb). In thls
case both are intentional alloys and are pnesent in concentrations several order of
magmtude hlgher than allowable levels.

For the pure lithium lead breeder the WDR was 0.07, which satlsfles the
WDR criterion. Using ledren‘s (26) impurities given in table IV.3, the WDR
was increase by 3.95. This was primarily due to the presence of silver (Ag), _.
which.contribu’-c'_ed 3.56 to fthe WDR. |

The cl'i:v'e'rtor pléte is the same as in the previous désign and small

differences in activation are due to differences in the designs.
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The specific activity for the various componen;cs is shown in figure
VIIL.2.c. Using the ]a-panése LLW limit for solid wastes of 1 Ci/m3 (29), none of
the components would be classified as LLW. The total activity for each
comporlent is shown in figure VIIL2.d. o

The contact dose for each component is shown in figure VIII.2.e. Based on
the IAEA pi'oposal for a LLW limit for solid waste of <2 mSv/hr (29), none of the
compornents would be classified as LLW,

The life cycle volume (LCV) fér each component is shown in figure .
VIIL2.f. The volume is also given by material. As seen in this figure, the lithium
lead would constitute a large fraction of the total waste volume.

MANET exceed the LLW criteria by one or more orders of magnitude. It
could not be modified to satisfy LLW criteria without significant substitution for
the alloying elements, molybdenum and niobium. The lithium lead breeder
meets the WDR limit in the pure form, but was well in excess of this value with

impurities. Lithium lead could be used and still meet a WDR limit of unity, if the

impurities are controled.

[E sy N

.




WDR

WDR

1000 -
100 1

10 7

1000 -

100 -

First Divertor Divertor Blanket Vacuum Shield

Wall Plate Wall .

Figure Vlil.2.a

Vessel

‘Waste Disposal Rating
Fleference MS/L|,7Pb93/H20 Blanket Design (R2)

53

ll Structural Impunllas
|l Pure Structure

1I3 others

Iﬂmo o

RN S-S

10
f_:: :
sas
1 _ . _. H
First Wall Oivertor Divertor. Blanket Vacuum Shield
Plate Wall Vessel

Flgure VIL2.b
Elemental Contributions to Structural Waste Disposal Ratmg
Reference ‘MS/Li;;Pbss/ H.O Blanket Design (R2)




Specific Activity (Cifm~3),

Activity (Cl)

"1.00E+08 ;

1.00E+05 ¥

1.00E+00 AL

54

- £ a-gég _ - :
?;‘ §§ ;"m 3 iMPure Structure @ Structural ' Impurities BOthers |
§.9228% - -
1.00E+09 -
1.00E+08"1
1.00E+07 T §
1.00E+06 TR §
1.00E+05 R I
1.00E+04 - R &
1.00E+03 1

1.00E+02 +
1.00E+01
1.00E+00
1.00E-01 {RE
1.00E-02 (WM

”.Diverlor Di\;erlor "Biahlltet .."\'I;a'cuum . Shield

Plate Wall Vessel

Figure Viik2.c
~ Specific Aci v-ny' -' _
-Reference MS/Li,,Pbgs/ H20 Blanket Design (FI2)

(MPure Structure B Structural Inipurities BOthets

1.00E+11 ~—
1.00E+10 &~
1.00E+09 -

1.00E+07 ;M AN
1.00E+06 ‘R ¥

13 83
1.00E+04

s.00+03 R BN

1.00E+02 {4
1.00E+01 ‘il

First.  Divertor  Divertor Blanket  Vacuum

Wall Plate Wall _ Vessel
Figure VIN.2.d

_ - Total Activity | |

Reference MS/Li,;Phgs/H,O Blanket Design (R2)




Contact Dose {mSv/hr)

LCV (m*3)

55

il Pure Structure ® Structural Impurites B Others °

1.00E+10 :
1.00E+09 ‘g
1.00E+08 .
1.00E+07 ‘QQ: .
1.00E+06 TR
1.00E+05
1.00E+04 7
1.00E+03 R 'R
1.00E+02 ‘R RR R T
1.00E+01 (R KR §
1.00E+00 '
1.00E-01
1.00E-02

First Divertor  Divértor  Blanket Vacuum  Shield
wall - Plate Wall _ Vessel
' Figure Vill.2.e: |
Contact Deose - .
Reference MS/LI"Pba;;/ H,O Blanket Design (H2)

1200 -
1000
800 _ _ T
_ ||. structure
400 m L
200 |
o - — e ..

First Wall Divertor Divertor. Blénkei Vaéui.um | Shield
Plate Wall Vessel
Figure VIN.2.1
Life Cycle Volume:
Heference MS/Li;Pbss/ H,O Blanket Design (R2)



-l.2-.fv

'5_6

The structural matéria-l in the first wall, divertor wall, a'nd 'bl.ahket. was the
vanadium alloy, V-4Cr-4Ti. The structural materiél in the vacuum vessel and
| shield was th_é-ferritic St'eél alloy given in table IV.2. The structural -ﬁ;-aterial in
the divertor plate wa-s.dis_per.sion strengthened copper. The breeder in this
desigh is a liquid metal, lithium. Since it was a-iiquid, it was assumed that the
b._reeder would be drained from the reactor and disposed of separdtely from the
vanadium structure Therefore, in the blanket, the solid materials and the liquid
lithium éré treated as separate cbmponenfs and only the solid materials-are
shown in figures VIIL3. In figures VIIL3. a-VIII 3.e, "other" refers to calcmm
0x1de (CaO) in the blanket and lead (Pb)in the shield. . |
* The waste disposal ratlng for the various components is shown in flgure |
VII.3.a: In this design, all components, except the divertor plate, will meet the
WDR limit of unity. The vanadium with ixnp_ﬁrities and the calcium oxide
contributed 0._(52 and 0.06, respectively, to the WDR of the solid Ilaorfion.of the
blanket. The WDR of the liquid lithium breeder with impurities was 0.06.
| Thie elemental contributions to the WDR in the structural matetials in each
region is_shown in figure VIIL3b. Th_é contribution to the WDR of the primary
alloying elements in vanadium is almost zero. The impurity level of 1 ppm Nb
was assumed,::i-which results ina WDR of 0.26. | | __
The d-iij?'ertof pléte is the same as in the othef designs and differences in
activation are. due to differences in the designs. |
The specific activity for the various components is shown in flgure
VIIL3.c. Using the Japanese LLW limit for solid wastes of 1 Ci/m3 (29),

-van'adiurh will be classified as LLW some time between 10-100 years after
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shutdown. If this criteria'were.to be‘ap_-pliec.l, the pure -lithiumi .;wc;ul_d be ) _
classified as LLW, but with the specified impurities, it would not be cléssified’ as
LLW. The presénce of calcium oxide (CaQ) 'a§ a reﬂe:c'tor in the blahket would -
prevent it from bemg'cIaSsiﬁed as LLW based on this criferion.' The vacuum
vessel and shield would not meet this criterion at 100 years because of the
impurities in the ferritic steel used as striictural material, Figure VIII.3.d shows
the !:otal activity for each éoﬁlponelit. For vanad_ium, the decay js much more |
rapid than for the iror-'l-base alloyé as showﬁ. by the large decreaée in activity.

The contact dose for each compoﬁmt is shown in figure VIL3.e. Usﬁlg |
‘the JAEA proposal for a LLW limit for solid waste of <2mSv/hr (29),all
components, except tﬁe divertor piate, would satisfy this criterion betwe’eh 10
and 100 years after shutdown. | _

The life cycle volume (LCV) for each component is shown in fi‘gure. B
VIIL3{. The volume is also given by material. [n this desigh, a large neuﬁron
reﬂectmg region made of primarily calcium oxide_ is used inside the vacuum
vessel, which contributes to mucﬁ lafger waste volumes in the blanket region
than in the previous designs. _

Vanadium (V -4Cr-4T1) appears to be a very good candldate for meetmg all
low-level waste criteria. The pure material is very low activation and the
activation of thlS rnatenal will be dominated by impurities, but with reasonable |
levels of impurities the WDRSL.0 criterion for near-surface burial can still be

satisfied.
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lanket Design (R4)

The structural material in the first wall, divertor wall, and blanket was

§ilic0n carbide (SiC). The structural material in the vacuum vessel and shield
_ was the ferritic steel alloy given in table IV.2. The structural material in the
divertor plate was dispersidn strengthened copper. In figures VIIL.4.a-VIIL4.e,
"other" refers to lithium zirconate (LizZrQO3), ém‘d beryllium (Be) in the blanket
and lead (Pb) in the shield. | | -

| The waste disposal rating for the various coﬁ'lponenté is shown in figure
VIiL4.a. In this design, first w‘all,_di;re'rtor wail, and divertor plate exceeded the
WDR limit of unity.- The WDR of the first wall was 1.56 and for the diveftor wall,
the WDR was 2.71. In the AIRIES-I report (5), a WDR of 0.12 was reported for
the first wall using si-licdh carbide. Fetter (30) réports a limiting concentration of
30% for silicon in the first wall of a design irradiated to 20 MW-yr/m?2, which
‘would correspond to a WDR=1.1'. The AIRIES-I report used the same limits as
used in this analysis and an older version of the REAC code and associated cross
sections (5). Fetter (37) used REAC*2 and associated cross sections. The |
difference between this analysis and Fettefs, on the one hand, and the AIRIES
results for the WDR of silicon carbide niay be due to dlifferences in the activation

cross sections in successive versions of REAC.

_ o P, Cone
1. Using Fetter's results WDR = ————
: p Limit
. S V
Pgic = density of silicon carbide = 2.50 g/cm3; Conc = Weight Fraction Si = 28/(28+12)

py =density of Vanadium  =5398g/cm3;  Limit = Fetter's limit for Si = 30%
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 Theblanket with the isotopically tailored zirconium, satisfies the WDR<1
criterion. In the AIRTES-1 report (5), they estimated the cost of -isbtopically '
tailoring the zirconium for the breeding material to be §2097/ kg (5). Isdtopically'
tailoring is necessary for the blanket to meet LLW 'cri'teria., but the cost would
certainly be a factor in choosing this material.

Thé elemental contributions to the WDR in "rhé: structural mai.terials in each
region is shown in ﬁgﬁre VIII4b The contribution to the WDR was primarily
from silicon. The impﬁritieé were insignificant for the WDR.

‘The divertor pléte is _the same as in the other designs and differences in |
activation are due to differences in the designs.

The specific activity for the various components is shown in figure

: Vlil4.c. Using the Japanese low-level waste (LLW) limit for so.l_id wastes of 1

Ci/m3 (29), the first wall will .meet'this crit'erlion between 10:and 100 years after
shufdown. .The vacuum vessel and shield will not meet this criterion until after
more than 100 years after shutdown, and all other components will not meet this -
criterion. The beryllium in the blanket will cause the blanket to not meet this
criterion. |

The total activity for each component ié shown in figure V'_III.4.cll. For
silicon, the decay was more tapid than for the iron-base alloys as shown by the
large decrease in activity, but it does have a small componenf which has a ldng
half-life.

The contact dose for -_eaéh component is showﬁ in ﬁgure Vlﬁ.4.e. Based on.

the IAEA proposal for a LLW limit for solid waste of <2 mSv/hr (29), the first

. wall, divertor wall, and divertor plate would not meet this criterion. The blanket




would meet this criterion between 1 and:_ 10 ):'fear:s: after sﬂﬁ%&owﬁ, and the
vacuum vessel and shield between 10.and 100 yeafs after shutdown.
| The life cycle volume (LCV) for éaé_h component is shown in figure
VIIL4.f. The volume is also given by material. In this,desigh, alarge ﬁeutrbn |
reflecting region made of primarily silicon carbide is used inside the vacuum
_vessel; which contributes to much larger waste volumes in the blanket region.
Since the reflector is the same material as the structure, in figure VII.4.f, it was
included in the structure volume. |

. Based on the WDR criterion, silicon carbide should be close to qualiying

~ for near-surface burial. The results of the AIREES-I project (5) are more optimistic

than this analysis or Fetter's (30) in this respect. The discrepancy needs to be

resolved.
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A DEMO clesigh_ similar to design R1 discussed in section VIILA, except
that V-4Cr-4Ti instead of ferritic steel, used as the structural material in the first
wall, divertor wall, and blanket was COI'\SldEl‘ed The structural material in the
vacuum vessel and shield remal-ned the ferritic steel alloy, because of the expense
:of vénadium. The strﬁétﬁrﬁl material in the divertof_plate--was _dispersibn '
stren_gthened-copper. In figures VIIL.5.a-VIIL5.e, "other" refelrs.tc_) lithium oxide |
(Li20), and'berylliﬁm (Be) in the blanket and lead (Pb) in the shield..

~ The waste dlsposal rating for the various components is shown in figure -

© VIL5.a. In this de51gn all components except the dwertor plate, will meet the

WDR limit of unity.
. The elemental contributions to the WDR in the Sl_:l‘:l.:léﬁi__:‘l.-lra.l materials in each

region is shown in fig'uré VIIL5.b. The contribution to the WDR of the primary

.alloying elements in vanadium is almost zero. .An impurity_ level of 1 ppm Nb

was assumed, which still meets the WDRIih'lit ,but the figui'e shows that

impurity levels greatef than this will begin to approach the WDR limit. The

WDR of the blanket is 0.17, which is from the berylhum (WDR—(} 08) and the . |
lithium oxide (WDR=0. 09) in the blanket.
_ The divertor plate is the same as in the other designs and differences in
activation are due to differences in the designs. |
The specific activity for the varioﬁs components is shown in figure

VIIISC Using the Japanese LLW limit for solid wastes of 1 Ci/m3 (29), the first

e
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wall and divertor v-vall would be claSsifie_d es LLW between 1b and 100 years
after shutdown. The b_lanket would not be.classified as LL\_/\__JT because of the
beryllium and lithium ex'id"e. The vacuum vessel and shield would not meet this
criterion because of the use of ferritic steel as a structural material. The total
activity for each compenent ie shown in figure VIIIﬁ.d. _ -

The contact dose for each component is shown in figure VIIL.5.e. Using

“the IAEA proposal fora LLW limit for solid waste of <2 mSv/hr (29), the first

. wall and divertor wall would almost qualify as LLW between 1 and 10 years

after shutdown. The blanket would be classified as LLW at 10 years after
shutdown. All components would be ela-esified as LLW iﬁ:sihg this criteria, except |

the common divertor plate and the divertor wall, which would still have a .

, centact dose of 2.1 mSv/hr at 100 years after shutdown, Onl'y slightly greater

than this criterion.

The life cyele'.\{olul.ﬁe (LCV) for each component is shown in figure
VIILS.f. The volume is also given by material. In this design, the volume of
waste is lewer than all other. designs.

- Replacement of the ferritic steel (FeS) by V-4Cr-4Ti (V) ini the reference |

| '_ FeS /'LiZO/ H,0 design leads to a design with attractive low activation propert'ies

in those components in which the replacement was made. If the replacement

was also made in the divertor, all components would meet the WDR<1.0 criteria -

for near-surface burial.
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" Austenitic stainless steels have been widely used i industry an'd.have an
extensive database. Unless an advanced structural material, such as V-4Cr-4Ti,
with low activation P_i'opérties is succéésfully developed and tested by the time of
construction, austenitic steel structure would have to be used. The existing
materials of this type are all high activation and clearly not candidates for near-
surface burial, even if irradiated to relatively low fluences. DEMO designs

similar to design R1 discussed in section VIIL.A, except that austenitic stainless

 steels (316SS, PCA, VA64) as structural materials instead of ferritic steel were

" used. The divertor plate was still dispersion strengthened coppér. Figures

VIIL6.2-VIIL6.f show the properties of the 31655 variant. The other austenitic
materials, PCA and VA64, showed similar activation pfoﬁéfﬁes.

The waste dispdsal rating for the various components 1sshown in fi’_gure_
VIIL6.a. In these designs all componeﬁts éxceed the WDR 'liniit of umty by
ordefs of magnitude. This was true for ali three ausfe_ﬁitic matelli-als: considered.
The activation of the base material was so high for these mat_érials that impurities
were not considered.

The elemental contributions to the WDR in the structural materjals in each

“region is shown in-ﬁg'Lire VILL6.b. ‘The WDR for 31655 and PCA was near.ly 100%

from Mo, while for VA64, it was primarily from Mo and Nb.
~ The divertor plate is the same as in the other deéigns and differences in
activation are due to differences in the designs. |
The specificactivity for the various components is sh_dwn in figure |

VIIL6.c. Using the Japanese LLW limit for solid wastes of 1'Ci/m3 (29), all _
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components would exceed .the LLW limit by _ofders of magnitude. The specific
activities are still quite high even after long decay times, in excess of 100 Ci/m3
in the first wall for all three austenitic materials at 10,000 years after shutdown.
The total activity for each component is shown in figure VIIL6.d.

The contact dose for each component is shown in figure VIIL6.e. Using
the IAEA proposal for a LLW limit for solid waste of <2 mSv/hr (29), all
components exceed this limit until 100 years or more after shutdown.

The life cycle volume (LCV) for each component is shown in figure
VTII 6.f. The volume is also given by material. 31655 has the highest volume of
any of these designs because of its poor thermo—mechanical_ properties and
relative short lifetime. Both PCA and VA64 had less waste volume. VA64 had
much less volﬁme than either because of the much better thermo-mechanical

properties and the resulting smaller plasma chamber, which reduces the volume

of all material which surround it.

The austenitic stainless steels analyzed clearly would be classified as high-

level waste and result in all of the difficulties associated with the requirement for

deep geologic disposal.
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VIILG. ri _
| of Different DEMQ Designs
Key waste disposal parameters for the various designs are compared in
this section. | |
Waste Dj I Rati

The waste disposal rating (WDR), which is based on detailed analysis of

‘the dose that could be received by an inadvertent intruder, is believed to be

representative of a realistic criterion and is one of the key parameters evaluated
in this study. The WDR limit for near-sﬁrface burial limit is unity. The results
for the first wall, divertor wall, blanket, vacuum 'vessel and shield of each DEMQO
design are shown in figures VII.7a-e, respecﬁveljr; 'Figure V1II.7a-b shows that
for either design R3 (V/Li) or design V1 (V/Li30/Hz0) using the vanaditim
alloy in the first wall and divertor wall will not have difficulties meeting near-
surface burial criterion if impurities can be controlled to W1thm plausible bounds.
The ferritic steel without impurities will be below the WDR<1 limit, but with the
specified impurities ferritic steel slightly exceeded this limit in the divertor wall.
The silicon carbide in the first v&all_and divertor .wall was just above WDR<1
limit. All other structural materials were not even close to meeting this limit in
the first wall and divertor wall. |

The WDR for the different blankets Iis shown in figure VIIL7.c. In the
blankets incorporating the lower activation structural materials (V, SiC, and FeS),
there will not be any difficulty meeting this limit. However, in SiC design the
zirconium in the Li,ZrO, breeder must be (expensively) isotopically tailored in

ordér to meet the WDR<1.
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" The WDR of the MS/Li, PB,,/H,O blanket (R2) is noticeably higher than
the other blankets. The WDR for each component is the volume weighted
average of all solid materials within that component. In the blanket of design R2,

the only solid material is the MANET structure, therefore, the WDR is solely due

to the high activation MANET. In designs V2-V4, which incorporate the high

activation austenitic steels, the WDR of the blanket is the volume weighted
average of these high activation structural materials and the low activation
breeder (Li,0) and neutron multiplier (Be). If these high activation structural
materials were to be used in the blanket, it would be necessary to separate the
low activation materiais (Li20, Be, etc.) froin the high activation materials to
reduce the total volume of material requiring deep geologic disposal.

The di{rertor plates for the different designs all used the same material,
dispersion strengthened copper, the results were somewhat different for the
different designs. This results from design differences and the resulting

differences in neutron loads and irradiation times. The WDR without impurities

- tended to be slightly greater than unity and with impurities, it was considerably

—

greater. Meeting this limit will be highly sensitive to impurities and the specific
design, particularly neutron load and lifetime.

Al lithium-bearing materials, without impurities, had WDR's much less
than unity. Activation of elemental lithium does not pose any long-term disposal
probl.ems and the WDR is detérmined by alloying elements and impurities. With
impurities included, the lithium lead was the only breeﬁer which did not still

meet near-surface burial limits.
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Companson of Divertor Wall Waste Disposal Ratings
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Dgepﬂi&pgaaunsiex
Many of the components do not meet the near-surface burial limits,

particularly with the levels of impurit_ies considered. Figure VIIL.8 shows the

‘deep disposal index (DDI) for each of the designs, which is roughly a measure of

the hazard posed by the high-level, WDR>1, waste from each design. The

designs which incorporated the lower activation structural materials (i.e. V, FeS,

SiC) had approximately 3 orders of magnitude lower DDI’s than the other
designs, and a large component of the DDI in the former was due to the
dispersion-strengthened copper divertor plate.

For the V/Li reference design and the V/LipO/H,O variant design, the

only component that did not meet WDR<1 criterion and therefore contributes to

the DDI was the common divertor plate. In the SiC/ LipZrOs/He reference
design, the first wall and divertor wall WDR were slightly greater than 1.0 and
therefore in addition to the divertor plate also contributed to the DDI for this
design. In the FeS/Li2O/H20 reference design, the divertor wall WDR was
slightly greater than 1.0 and therefore in addition to the divertor plate also
contributed to the DDI for this design. These three designs, because of the low
WDR values and resulting low DDI's, pose less of a long term disposal hazard.
In all other désigns (i.e. R2,V2,V3,V4), all cbmponents had WDR>1 and
therefore contributed to the DDL. The first wall and divertor wall in most cases
accounted for the bulk of the DDI because of their much higher WDR and only

slightly smaller life cycle volumes than the remainder of the co‘mponents.
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Figure Vii.8
Comparison of Deep Disposal Indexes
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Specific Activity

For all first wall materials, the specific activiy was neérly the same at

“shutdown (~103 Ci/ m®). There was a very significant difference in the rate df

decay for the specific activity in the different first wall materials. The speciﬁ-c
activity at 10 years after shutdown for the different first walls is shown in figure
VIIL9. This shows very large difference even at this moderate decay time.

Both vanadium éhd silicon carbide have specific activities, which have -
decayed by orders of magnitude at 10 years after shutdown. The impurities in
silicon carbide dominated the specific activity at 10 years after shutdown and
increased the specific activity by several orders of magnitude. With the

impurities removed from the silicon carbide, the vanadium alloy has a much

l-ligher specific activity at 10 years after shutdown. The silicon carbide design

(R4) with impurities removed comes close to m'eeting the Japanese <1 Ci/ m®
criterion for low level waste. _
The common divertor plate material still has a very high spec1f1c activity

(~2x108 Ci/m’) at 10 years after shutdown in the different designs.
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Contact Dose
For all first wall materials, the contact dose was nearly the same at
shutdown (~10% mSv /hr). There.was a very si-gpificant difference in the rate of
decay for the contact dose in the different first wall materials. The contact dose
at 10 years after shutdown for the different first walls is shown in figure VIIL10,
This shows very large difference even at this moderate decay time.
~ Both vanadium and silicon carbide have contact doses, which have
decayed by orders of magnitude at 10 years after shutdown. The inipﬁrities in
silicon carbide dominated the contact dose at 10 years after shutdown and |
increased the contact dose by several orders of-mélgnitude. The rapid decay of
the contact dose in these materials will greatly réduée h'aridling reéuirements
assuming that the impurities can be controlled. Even with the impurities
removed from the silicon carbide, the vanadium alloy still had a much lowei'_ _
contact dose at 10 years aﬁd in fhis regard is much better than_ any of the other
materials. The vanadium designs (V3,R1) come close to meeting the IAEA
<2mSv /hr criterion for low level waste. _ | |
The common divertor plate material still has a very high contact dose
(~2x107 mSv/hr) at 10 years after shutdown in the various designs. This is
primarily due to the reaction 63Cu(n,a)80Co. The 5.27 year half-life of Cobalt-60
will require a much longer decay time to reduce the contact dose io the same

levels that vanadium and silicon carbide reached at 10 years.
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Life Cycle Waste Volume

A comparison of the life cycle waste volume (LCV) for each design is
shown in figure VIIL.11. The differehce between the smallest and largest was
slightly more than a factor of two.

In the variant designs using 316SS and PCA, the shield volume was much
larger than in the other designs. More shielding was not heeded'for these
designs, but as a result of their relatively poor heat transfer properties, the heat
and neutron loads must be reduced to meet thermal stress limits. This results in
a larger plésrna chamber, which increases the volume of all materials which
surround the plasma chamber. The shield was most noticeably affected because
it is furthest from the plasma. _ | |

The Argdrme design (4) and the AIRIES- (5) design both incorporate large
neutron reflectors inside the vacuum vessel. In this model, the entire
blanket/réﬂector region inside the vacuum vessel was replaced when -th_e
structure at the front of the blanket had reached its radiation damage limit. This
caused the large blanket/reflector regions in the V/Li and SiC/Li2ZrO3/He
reference designs to be replaced once eéch. Mdri et al. (2), which was the basic
reference for the FeS/LipO/HO reference design, incorporated a replaceable |
and a permanent blanket in their design. This waé not done for any of the |
blankets in this analysis, but this clearly is a method to reduce the waste volume
generated in the blanket. Even if this were to be done, the FeS/Li20/H;0
reference design R1 and the V/Liz0 /'H;)_O variant design V1 would still generate

considerably less waste volume than any of the other designs.
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CHAPTER IX

PARAMETER FITTING

Reactor designs may vary Widely. deperiding on the objectives of the
design. Since these calculations are quite time-consuming; it is desirable to
perform a simple calculation to estimate the various activation parameters. In
order to do this, the calculations has been performed for several flux (®)and |

fluence (®t) values. The parameter was then fit using the least squares solution

for the following equation.
Parameter = a  + b (®t)
Where the flux (&) is in n/cm2-sec and the ﬂuéncé (@) is n/cm?2-

The flux used was the flux calculated at the midpoint of the éomponent.

This value was used as the fitting parameter, since the thickness of the region

‘may change, thereby changing the average flux seen in that region. The

midpoint should be a reasonable value to be related to the average activation of
the parameters throughout that component. In addition, it is a single value that
is consistent for the goal of a simple met-hod.- | |
The results of the fitting were generally good with the calculated value
generally within 10% of the éctual value. The maximum difference is included

with the results from the fit in appendix B. There are a few values which have
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 errors greater than 50% and these were typically at the data points with the

lowest magnitude which is expected for the least squares method.

| The fit was performed for waste disposal rating and for specific activity |
aind contact dose at 0; 1,10, 10%, 10°, and 10" years after shutdown. The fitting for
the first wall and div:ertor wall were combined because the two are modeled

identically with the only difference being the flux and fluence seen by each. The

results of the fitting are included in appendix B.

e e e o,




92

CHAPTER X

CONCLUSIONS

The waste disposal parameters for the four reference designs and the
several variants of one of the designs were calculated. These results confirmed.
that the waste disposal parameters vary widely depending on the choice of
materials. They consistently showed the overwhelming importanoe that
impurities play in many of the parameters. It 1l,\}als also found that the various
international criteria are by no means consistent and that one material may be
well below near-surface burial limits, according to one criterion, while this same
material clearly will not meet a different LLW criterion. We believe that Fetter ‘s
(30) calculated d.isposal limits based on the USNRC disposal critérion (31) is the
most realistic of the various criteria considered and this will be the basis for the
conclusions. _

It appears that it will be possible to develop a fﬁsioﬁ reactor, that can meet
near-surface burial, or low-level waste limits. The vanadium alloy, V-4Cr-4Tj,
shows excellent promise in this regard. In the first wall and divertor wall, the
pure iranadium alloy had a WDR that was nearly zero; while the pure ferritic

steel had a WDR of approximately 0.5. Therefore, the allowable levels of

| impurities in the vanadium alloy will be roughly twice the allowable level of

- impurities in the ferritic steel. Since WDR>1 for silicon carbide in both the first

wall and divertor wall, but not by' large amounts, it may be possible to use this

.
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material with design modifications, but the acceptable levels of impurities will be
vety low because of the inherently higher WDR of the pure silicon carbide.

_ All lithium bearing materials used for breeding materials met the
WDRsI criterion, with the exception of the impurities in the lithium lead. In
regards to waste disposal characteristics, there were not any great differences
between the different breeding materials, {&ith the exception of the greater
impurity levels specified in the lithium lead. Both the litflium lead and the
lithium zirconateldesighs incorporated highly enriched lithium, which would be
a factor in the cost. The lithium zirconate considered in this analysis was
composed of isotdpically tailored zirconium, which would .greatly increase cost.

Both vanadium and silliconl carbide desig-ﬁs will most likely use a different
structural material for the vacuum vessel and shield, which must also Be a low
activatioﬁ material. If a material such as 3165S where used, it would not meet
near-surface burial criteria even if present in the shield. In this analysis, ferritic
steel was used in the vacuum vessel and shields, which does fneet does meet the
WDRcI criterion in these components. _

The divertor plate presents engineering difﬁculties because of the intense
heat, radiation, and particle loads that it must withstand. Dispersion

strengthened copper was assumed to be used for each design, since this is the

divertor being developed for ITER. If this material is used, it will be necessary to |

give special consideration to the divertor design, if near-surface burial criteria are
to be met. This could include reducing irradiation time or h1creaéh1g the distance
from the plasma, thereby lowering the neutron load by geometric attenuation,
neither o.f which are desirable. The limiting element was the aluminum in the

dispersion strengthener, alumina (Al203). The concentration of aluminum
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would need to be reduced by lowering the concentration of alumina, or

substitution with another material, but it would still need to maintain acceptable

thermo-mechanical properties. _

MANET,.whi.ch is being developed for DEMO in Europe, will clearly not
be classified as LLW by any sténdards. This material uses mOlybclénurn and
niobium as alloying elements at the tenth of a percent level, but in order to meet
the WDR<1 criterion, these element must be present at the ppm level or lower.

The austenitic steels (3165S, PCA, VA64) analyzed would be used if an
- advanced material is not developed. Thése material all contain alloying elements
that would cause them to require disposal as hig}i-le\'f.el waste. This could be a
potential setback for the political acceptance of fusion as an environmental
benign source of energy if the DEMO’s produce large volumes of high-level
radioactive waste. |

A thermal insulating material had been required in the design by Mori et
al. (2), and alumina was mention specifically. In design R1, the small amount of
alumina included in this design was sufficient to cause the blanket to have a
WDR>1. Since there are many possible materials that could be used, the alumir;a
'~ was ndt included in any subsequent results. However, this shows that even the
small amount of material preéent in thermal insulators or coatings that may be
required will need to be considered in this typé of analysis and could easily
cause the entire component to be classified as high level waste, if the proper

materials are not used.
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This analysis consistently showed that if fusion is to realize its potential as
an environmentally benign energy source and avoid the long-term /deep
repository waste disposal issue that is currently faced by fission reactors, the

control of impurities to low levels will be necessé-ry. In particular, a few specific

impurities, such as Mo, Nb, and Ag, must be controlled to very low levels, if this

is to be achieved.
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APPENDIX A
ACTIVATION DATA

The following data in this appendix is the data calculated for each design.
T_'hé data is tablulated for each parameter calculated for each design. The data is
organized with a title specifying the paraméter that is evaluated and the results
for that parameter are then given by material in the component. The term
structure refers to the structural material for that specific component and is not

the same for all components. The term impurities refers to impurities in the-

‘structural material alone. For designs using a'licjui'd breeder (Li,,Pb,, or Li), the

breeder was activated as a separated componeﬁt and is included se'pardtely in
the sections following the design in which it was used (A.3and A.5). |

In the first data sef,_the contribution of beryllium (bé) present
in the blanket to the waste disposal ratihg of the blahket is 5.72E-02. In the
second data set, the contribution of tungsten (w) present
in the structure of the first wall to the waste disposal rating of the first wall is
3.82E-01. In the third data set, the contribution of impurities in the structure of

’_che shield to the specific activity at shutdown in the shield is 5.73+04 Ci/m3. All

data follows this format through out this appendix.




Cimpurities 4.40E+05

—=

A.L. Reference FeS/Li20/HpO Design (R1)

Waste Disposal Rating
First ' Divertor Divertor Blanket
Wall . Plate

liZo 0.00E+00

almina 0.00E+0G0
be 0.00E+00
pb 0.00E+00

structure 3.86E-01
impurities 4.82E-01

O OO OO

Structure Waste Disposal Rating

.00E+00
.00E+00
.00E+00
.00E+00
.47E+00
.23E+00

Wall

S oo o

.00E+Q0
.00E+Q0
.00E+Q0
.00E+00
.46E-01
.69E-01

B O ]

.O0E-02
-54E+00
.75E-(2
.00E+00
.32E-02
.B7E-02

First .Divertor Divertor Blanket
Wall . Plate

w 3.82E-01 O
mo 7.91E-02 0
nk 1,33E-01 0
al 2.58E-01 1
ag 0.00E+00 5
others 1.56E-02 7

Specific Activity w/o

liZo 0.00E+00

almina 0.Q0E+00Q
be 0.00E+00
b . 0,.00E+00

structure 1.4Z2E+08
impurities 4.77E+06

PNODOOO

Specific Activity w/o Tritium (Ci/m~3) @ 1 year : .
Vacuum Shield

.00E+00
.00E+00
.Q0E+00
.08E+Q0
L92E+00
.03E-01

Wall

WO e

.38E-01
.04E-01
.79E~-01.
.70E-01
L00E+00
.44E-02

WOhPRE -

.32E-02
.31E-03
v49E-02
.06E-03

.GO0E+00
.91E-04

Vacuum Shield

Vessel

.QOE+00Q
.00E+00
.00E+00
.00E+00Q
.65E=-03
L49E=-02

wWwoDoooo

Vacuum
Vessel
.65E-03
.48E-03
L17E-02
.67E-03

.00E+00
LO07E~-03

O MM O ®

Tritium (Ci/m~3) @ Shutdown
First - Divertor Divertor Blanket
Wall Flate

Wall
.Q0E+00 0.00E+00
.D0E+00 0.00E+00
.D0E+00 O.00E+00
LO0E+00 0.00E+00
.12E+0B 1.20E+08
.86E+05 3.55E+06

o OB U

.BEE+05
.45E+05
.14E+06
.Q0E+00
.26E+086
.BSE+05

First Divertor Divertor Blanket
Wall = - Plate

structure 5.39E+(7

li2o 0.00E+00 O
almina 0.00E+00 0
be 0.00E+00 0
pb 0.00E+00 0
1
7

Specific Activity w/o

.00E+00
.D0E+00
.00E+00
.00E+00
.73E+06
.5BE+03

Wall

Win oo oo

.00E+00
.00E+00
.00E+00
.00E+00
.DEE+07
.39E+05

e =

.91E+02
.63E+01
.80E+03
.00E+00
.34E+06
.01E+04

W -l Qo O

.00E+00
.Q0E+Q0
.00E+00
.27E~05
.81E-04
.42E-03

.80E-04
.39E-04
.93E~03
.25E-04

.00E+00
.34E-04

Vacuum Shield

Vessel

LO0E+00
.Q0E+00
.0DE+0D
.00E+00
.21E+(86
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Vessel

.Q0E+Q0
. 0DE+00
.Q0E+00
.0O0E+Q0
.22E+05
.18E+03

[ N e o B o ]

Tritium (Ci/m"3) @ 10 vyears
Vacuum Shield

First Divertor Divertor Blanket
Wall Plate

structure 5.13E+06
impurities 3.16E+03

li20 0.00E+D0 O
almina 0.00E+00 0
be 0.00E+Q0 0O
b 0.00E+00 O
[
4

Wall
.Q0E+00 0.00E+00
.Q0E~+00 0.00E+00
LQ0E+00 0.00E+00
.00E+G0 0.00E+00
.75E+05 4.B4E+06
.17E+02 3.95E+03

@O W

.57E+01
. 26E+00
.21E+02
.0DE+00
.23E+05
.00E+01

Vessel

.00E+00
.00E+00
.0DE+00
.00E+Q0
.49E+04
.07E+01

ohOoOOoOOoOoOo

LA2E+05

Wk oo O

=W o oo

¢.00E+00
0.00E+00
0.
1
5
5

00E+DO0

.97E+00
.55E+05
.73E+04

L.0DE+00
.00E+C0
.00E+00
.67E-02
.08E+05
.6BE+02

.00E+00
.Q0E+00
.00E+00
.93E-04
.00E+04
A2E+01
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Specific Abtivity w/o Tritium (Ci/m"3) € 100 years

First  Divertor Divertor Blanket

Wall .= Plate Wall
li2o 0.00E+00 0.00E+00 0.00E+00 1.96E+01
almina 0,00E+00 0.00E+00 0.0CE+00 8.43E-01
be 0.00E+00 0.00E+00 0.00E+00 1.82E+01
b 0.00E+0Q0 0.00E+00 0.Q0E+00 0.0C0E+QO0
structure 2.20E+01 1.32E+05 3.09E+01 7.37E-01
impurities 3.08E+02 0.00E+00 4.26E+02 8.41E+00

Vacuum Shield

" Vessel’ :
0.00E+Q0. 0.00E+00
0.00E+00 0.00E+00C
0.00E+00 0.00E+00
0.00E+Q0 1.18E-{4
4.57E-01 4.00E-02
2.78E+01 1.17E+01

Specific Activity w/o Tritium {(Ci/m~3} @ 1000 vears

First Divertor Divertor Blanket:

Wall ‘Plate Wall )
liZo 0.00E+00 O0.00E+00 0.00E+00 3.64E+0Q0
almina 0.00E+00 0.00E+Q0 0.Q0E+00 7.83%E-01
bhe 0.00E+00 0.00E+C0 0.C0E+00 8.42E+00
b 0.00E+00 0.00E+C0 0.COE+00 C.00E+00
structure 2,19E+01 2.59E+02 3.0BE+01 7.34E-01
1.02E-01 1.16E+{1 3.,18E-01

impurities 8.61E+00

Vacuum, Shiéld

Vessel

0.00E+00 0.00E+00
¢.00E+00 O.00E+00
C.D0E+00 0.00E+00
0.00E+00 7.S50E-06
4 .56E-01 3.97E-(2
8.58E-01 3.17E-01

Specific Activity w/o Tritium {(Ci/m”~3) @ 10~4 vyears :

First Divertor Divertor Blanket .
Wall Plate - Wall

liZ2o 0.00E+00 0.00E+00 0.00E+00 6.72E-01
almina 0.00E+00 0.00E+00 0.00E+00 4.74E-01
be 0.00E+00 0.00E+00 0.00E+00 3.15E+00
pb 0.C0E+0Q0 0.0Q0E+00 C0.0QE+00 0.00E+00
structure 2.15E+01 1.45E-01 3.01E+01 7.18E-01
impurities 5.06E+00 1.43E-01 6,.65E+00 1.B85E-01

Total Activity w/o Tritium (Ci) @ Shutdown
First Divertor Divertor Blanket

: wWall Flate Wall .

liZ2o 0.00E+00 0.00E+00 Q.00E+00 9.11E+07

almina 0.00E+00 0.00E+Q0 0.00E+0Q 9.%54E+06

be 0.00E+00 O0.00E+00 0.00E+00 1.39E+08

pb 0.00E+00 0.00E+00 0.0CE+00 0.00E+00
structure 3.58E+09 4.36E+09 8.22E+09 4.03E+08
impurities 1.21E+08 3.82E+06 2.43E+08 1.75E+07

Total aActivity w/o Tritium {Ci) @ 1 year -
First Divertor Divertor Blanket
wWall Plate Wall ’

li2o  O.00E+Q0 0.00E+00 0.00E+00 3.538E+04
almina 0.00E+00 0.00E+00 0.00E+00 2.86E+02
be 0.00E+00 0.00E+CO 0.00E+0Q0 1.17E+05
pb 0.00E+00 0.00E+00 ©.00E+00 0.CQ0E+Q0
gtructure 1.36E+09 3.55E+07 3.46E+0% 1.Z27E+(8
impurities 1.11E+07 1.56E+05 2.32E+07 9.57E+(5

Vacuum Shield
Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.0CE+00 0.00E+00
0.00E+00 6.69E-06
4.45E-01 3.80E-02
5.44E-01 2.06E-01

Vacuum Shield

Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 1.11E+02
8.60E+07 2.77E+08
6.4BE+06 2.86E+07

Vacuum Shield
Vessel :
.00E+00

0.00E+00 ©

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 2.07E+00
1.94E+07 5,39E+07
1.12E+05 1.84E+05
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Total Activity w/o Tritium (Ci) @ 10 vears
First Divertor Divertor Blanket
Wall Plate Wall

li2o 0.00E+00 0.00E+Q0 O0.00E+00 6.69E+03
almina 0.00E+00 0.00E+00 0.00E+00 3.95E+01
be 0.00E+00 0.00E+00 0.00E+00 1.44E+04
pb . 0.00E+00 0.00E+00 0.00E+00 0.00E+00Q
structure 1.30E+08 1.39E+07 3.31E+08 1.16E+07
impurities 8.00E+04 8.56E+03 2.70E+05 7.57E+03

Total Activity w/o Tritium {Ci) @ 100 years
First Divertor Divertor RBlanket
Wall  Plate = Wall

li2e 0.00E+00 0.00E+00 0.00E+00 3.67E+03
almina 0.00E+00 0.00E+00 0O.00E+00 1.48E+01

be 0.00E+00 0O,.00E+00 O.00E+00 1.18E+03

pb - 0.00E+00 0.00E+00 ¢.CO0E+00 O0.00E+DO
structure 5.57E+02 2.71E+06 2.11E+03 6.97E+01
impurities 7.80E+03 0.00E+00 2.91E+04 7.96E+02

Total Activity w/o Tritium {(Ci} @ 1000 vears
First Divertor Divertor Blanket
Wall ‘Plate = Wall

1i26 0.00E+00 0.00E+00 0.C0E+00 6.82E+02 -
almina 0.00E+00 0.00E+00 0.00E+00 1.3BE+01
be 0.00E+00 0.00E+00 0.0D0E+D0 5,48E+02
pb 0.00E+00 0.00E+00 ©.Q00E+00 0.00E+00
structure 5.55E+02 5.33E+03 2.11E+03 6.95E+01
impurities 2.18E+02 2.09E+00 7.97E+02 3.01E+01

Total Activity w/o Tritium (Ci} @ 10~4 years
First Divertor Divertor Blarnket
Wall FPlate Wall

li2e 0.00E+00 0.00E+00 O.00E+00 1.26E+02
almina 0.00E+00 0.00E+00 0.00E+0Q 8.30E+00
be 0.00E+00 0.00E+00 O.Q00E+00 2.05E+02
rb 0.00E+00 0.0OCE+00 0.00E+00 0.00QE+00
structure 5.43E+02 2.97E+00 2.06E+03 6.80E+01
impurities 1.28E+02 2,.34E+00 4.55E+02 1.75E+(1

Contact Dose (mSv/hr) € Shutdown
First Divertor Divertor Blanket

Wall Plate Wall :
liZo 0.00E+00 0.00E+00 0.00E+00 1.54E+07
almina 0.00E+00 0.00E+00 O.00E+00 2.21E+07
be 0.00E+00 0.00E+00 0.00E+00 4.51E+05
pb 0.00E+00 0.00E+0Q0 0.CO0E+00 0.00E+Q0
gstructure 8.15E+08 1.62E+09 6.63E+08 2.62E+07
impurities 9.97E+07 1.60E+06 7.39E+07 3.55E+06

Vacuum Shield
Vessel

0.00E+00 0.0CE+00
0.00E+00 0.00E+00
0.00E+00 0.00E+Q0
0.00E+00 2.22E-02
1.74E+06 S.01E+06
2.16E+03 1.21E+04

Vacuum Shield

Vessel

0.00E+00 D,00E+00
0.00E+00 D.00E+00
0.00E+00 0.00E+00
0.00E+00 6.65E-03
1._22E+01 2.00E+01
7.46E+02 5.84E+03

Vacuum Shiéld

Vessel

0.00E+00 0.00E+0C0O
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 4.24E-04
1.22E+01 1.98E+01
2.30E+D01 1.5BE+02

Vacuum Shield

Vessel

0.00E+00 0.0Q0E+00
0.00E+00 O0.Q0E+Q0
0.00E+00 0.Q0E+0QO
0.00E+00 3.78BE~04
1.19E+01 1.95E+01
1.46E+01 1.03E+02

Vacuum Shield

Vessel

0. 00E+00 ©.00E+QO
0.00E+00 0.00E+00
0.00E+00 ¢.00E+0D
0.00E+00 1.87E+01
1.78E+07 2.60E+06
5.73E+06 1.66E+06
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Contact Dose (mSv/hr) €@ 1 year

PR OR ;-

nket

L21E+Q2
L02E+02
.B4E+04
.QOE+00
.51E+06
.11E+05%

.C3E+01
JTZ2E+HO]
.23E+03
LO0E+C0
L21E+(3

First Divertor Divertor Bla
Wall Plate Wall
1i2c- 0.00E+00 0.00E+00 0.00E+00
almina 0.00E+00 0.00E+00 0.00E+00
be 0.00E+Q0 0.00E+00 0.00E+00
pb 0.00E+00 0.00E+00 0.00E+00
structure 3.87E+07 4.B84E+07 3.42E+07
impurities 4.70E+06 1.86E+05 3.58E+06
Contact Dose {mSv/hr) @ 10 years
First Divertor Divertor Blanket
Wall Plate Wall
li2o 0.C0E+00 0.00E+00 0.00E+00
almina 0.C00E+00 0.00E+Q0 0.00E+00
be 0.00E+00 0.00E+00 Q.00E+0Q0
pb 0.00E+0Q0 0.00E+00 0.00E+00
structure 1.4%E+05 1.47E+07 2.36E+(05%
impurities 5.33E+04 2.00E+02 5.93E+04

Contact Dose (mSv/hr) _
Divertor Divertor Blanket

@ 100 years

5
5
4
0
4
1

R ODR R

WO e

.BBE+03

.7T9E-03
L27E+01
.20E-01
.COE+00
.71E-02
.96E-02

.64E-03
.27E+01
.86E-02
.00E+00
.39E-03
. 43E-02

.63E-03
.26E+01
.69E~02
.COE+0D0O
.36E~-03

First
. Wall Plate wall .
liZe 0.00E+00 0.00E+00 0.00E+00
almina 0.00E+00 0.00E+00 0.00E+00
be 0.00E+00 0,.00E+00 G.00E+0Q0Q
rb 0.00E+00 0.00E+00 0.00E+00
structure 1.07E+00 1.10E+02 1.86E+00
impurities 1.89E+00 2.08E+02 2.54E+00
Contact Dose {mSv/hr) € 1000 years
First Divertor Divertor Blanket
Wall Plate wall
liZo 0.00E+00 0.00E+«00 0.00E+00
almina 0.00E+Q0 0.00E+00 0.00E+0QO0
be 0.00E+Q00 0,.00E+00 0.00E+00
Db 0.00E+00 0.00E+00 0.00E+00-
structure 5.05E-02 3.60E+00 7.%4E-02
impurities 1.50E+00 1.71E+00 2.10E+00
Contact Dogse {mSv/hr} @ 1074 years
First Divertor Divertor Blanket
Wall Plate - Wall
1i20 0.00E+00 0.00E+00 0.0Q00E+{0
almina 0.00E+00 0.0Q0E+00 0.00E+00
be 0.00E+00 0.0CE+00 C.00E+00
pb 0.00E+00 0.00E+00 0.00E+0Q
structure 4.92E-02 3.57E+00 7.31E-02
impurities 1.34E+00 1.41E-01 1.8BE+00

N~ Y W

.75E-02
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Vacuum Shield

Vessel

0.00E+Q0 0.00E+0C
0.00E+Q0 0,00E+00
0.0CE+00 0.CG0E+00
0.00E+00 1.36E+00
1.06E+06 1.27E+05
2.63E+05 3.85E+03

Vacuum Shield

Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+0O0
0.00E+00 0.00E+00
0.00E+00 4.17E-03
2.10E+03 3.30E+02
9.98E+02 8.47E+01

Vacuum Shield

Vessel .
0.00E+00 0.00E+00 .
0.00E+00'0.00E+00_
0.0QE+00 0.00E+00
0.00E+00 2.42E-03
1.33E-02 2.21E-03
1.10E-01 9.6BE-03

Vacuﬁm Shield

Vessel

0.00E+00 0.00E+Q0
0.00E+00 0.00E+00.
0.00E+00 O.00E+Q0
0.00E+00 2.0Q0E-05
8.39E-04 7.34B-05
9.99E-02 8.85E-03

Vacuum shield

Vessel :

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0O.00E+00
0.00E+00 2.12E-06
8.13E-04 7.27E-05
7.59E-02 6.71E-03




Life Cycle Waste Volume (m"3) _ )
First Divertor Divertor Blanket Vacuum Shield
Wall . Plate wWall Vessel

liZo 0.00E+00 0.00E+00C 0.00E+00 1.87E+02 {.00E+00 0.00E+00
almina 0.00E+00 0.00E+00 0.00E+00 1.75E+01 0.00E+00 0.00E+00
be 0.00E+00 0.00E+00 0.00E+00 6.51E+01 0.00E+Q0 0.00E+00
pb 0.00E+0Q 0.00E+00 0.Q0E+00 0.00E+00 0.00E+00 5.65E+01
structure 2.53E+01 2.0SE+0]1 6.B4E+0l1 9.47E+0l 2.68E+01 4.99E+02
Deep Disposal  Index
2.41E+02
A.2. Refer 18/Li17Pbg3/H20 Design (R2)

Waste Disposal Rating
First Diverter Divertor Blanket ‘Vacuum Shield
Wall Plate wWall Vessel
pb 0.00E+00 0.00E+00 0.00E+00 0.CGOE+0C 0.00E+00 1.22E-04
structure 5.74E+02 1.61E+00 8.21E+02 .2.49E+02. 1.73E+02 1.89E+01
impurities 0.00E+00 5.64E+00 0.00E+00 0.00E+00 0.00E+)0 0.00E+0Q0

Structure Waste Disposal Rating
First Divertor Divertor Blanket Vacuum Shield

Wall = Plate Wall Vessel
mne 1,49E+02 0.00E+00 2.12E+02 S.34E+01 3.54E+01 3.76E+Q0
nb 4.24E+02 0.00E+Q00 6.10E+02 1.96E+02 1.38E+02 1.5Z2E+01
al 0.00E+00 1.20E+00 0.Q0E+00 0.00E+00 0.00E+00 0,00E+00
ag- 0.00E+00 5.43E+00 0.00E+00Q 0.00E+00 0.Q0E+0Q 0,00E+Q0
" others 8.79E-01 6.23E-01 0.00E+00 0.00E+00 0.00E+00 0.Q00E+00

Specific Activity w/o Tritium (Ci/m"3} @ Shutdown
First Divertor Divertor EBlanket vVacuum Shield
Wall Plate Wall Vessel
pb 0.00E+00 0.00E+00 0. 00E+OD 0.00E+00 0.00E+00 2. 88E+00
structure 1.14E+08 2.02E+08 1.01E+08 1.15E+07 2.88E+06 7.41E+05
impurities 0.00E+00 1.91E+05 0.00E+00 0.00E+Q0 Q.CO0E+00 0.00E+00

Specific Activity w/o Tritium (Ci/m*3} @ 1 year
First Divertor Divertor Blanket Vacuum Shield
Wall blate Wall Vesgel
pb 0.00E+0Q0 0.00E+00 0.00E+Q0 0.00E+Q0 0.00E+00 1.38E-01
structure 5.06E+07 1.80E+06 4.95E+07 4.86E+06 7.97E+05 1.97E+05
impurities 0.00E+00 &.57E+03 0.00E+00 0.0QE+00 O0.0QE+00 O0.00E+Q0

Specific Activity w/o Tritium (Ci/m*3) @ 10 years
Pirst Divertor Divertor Blanket Vacuum Shield
Wall Flate Wall _ Vessel
pb 0.00E+00 0.00E+00 O.0Q0E+00 0.00E+00 0.00E+00 &.70E-04
structure 4.77E+06 7.02E+(5 {4.74E+06 4.64E+05 8.59E+04 2.16E+04
impurities 0.00E+0Q0 2.77E+02 Q0.Q0E+0C 0.00E+QQ 0.QO0E+00 0.00E+0Q0
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Specific Activity w/o Tritium {Ci/m*3) @ 100 years

First Divertor Divertor Blanket Vacuum Shield
wall Plate Wall , Vessel
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.25E-04

structure 2.42E+03 1.37E+05 3.54E+02 4.56E+02

7.74E+02 2.B6E+02

impurities 0.00E+00 0.00E+00 0.00E+00 0.00E+00 C.00E+00 0.00E+00

Specific Activity w/o Tritium {(Ci/m”~3) @ 1000 years

First Divertor Divertor Blanket
Wall . Plate Wall
b 0.00E+00 0.00E+00 0.00E+00 O.00E+00

structure 5.61E+02 2.70E+02 B8.39%E+02 1.22E+02
impurities 0.00E+00 1.08E-01 0.00E+00 0.00E+00

Vacuum Shield
Vessel

0.00E+00 1.10E-05
6.78E+01. 1.08E+01

0.00E+00 0.00E+Q0

Speclflc Activity w/o Tritium (Ci/m”~3) @ 10"4 years

First Divertor Divertor Blanket
Wall Plate Wall
pb 0.00E+00 0.00E+00 0.0DE+00 0.00E+00

structure 1.27E+02 1.67E-01 1.84E+02 4.42E+01
impurities €.00E+00 1.53E-01 0.00E+00 0.00E+00

Total Activity w/o Tritium (Ci) @ Shutdown

First Pivertor Divertor Blanket
Wall Plate Wall
pb 0.00E+00 0.0Q0E+00 0.00E+Q0C 0.00E+0Q0

structure 3.92E+09 4.69E+09 5.09E+09 1.58E+09
impurities 0.00E+00 4.42E+06 0,00E+00 0.COE+0Q0

Total Activity wyfo Tritium (Ci) @ 1 year

First Divertor Divertor Blanket
Wall FPlate wWall
b 0.00E+00 0.00E+00 0.0DE+00 0.00E+00

. structure 1.74E+09 4.15E+07 2.49E+09 6.66E+08
impurities 0.00E+00 1.52E+05 (.00E+00 0.00E+00

Total Activity w/o Tritium {Ci) € 10 years
First Divertor Divertor Blanket
Wall Plate Wall
b 0.00E+00 0.00E+00 O.00E+00 0.COE+00
structure 1.64E+08 1.62E+07 2.38E+08 6.36E+07
impurities 0.Q0E+00 6.41E+03 0.00E+00 0.00E+00

Total Activity w/o Tritium {Ci) @ 100 years

First Diverteor Divertor Blanket
Wall Plate Wall _
pb 0.00E+00 0.00E+00 O0.00E+00 0.00E+00

structure B8.33E+04 3.17E+06 1.7BE+05 6.24E+04
impurities 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Total Activity w/o Tritium {Ci) @ 1000 years

First Divertor Divertor Blanket
Wall Plate Wall
pb 0.00E+00 Q0.00E+00 O0.00E+0D 0.00E+Q0

structure 1.93E+04 6.24E+03 4.21E+04 1.67E+04
impurities 0.00E+00 2.50E+00 0.00E+00 0.00E+00

Vacuum Shield
Vessel

0.00E+0Q0 9,46E-06
3.65E+01 6.8B6E+00
0.00E+00 0,00E+Q0

Vacuum Shield
Vessel

0.00E+00 1.45E+02
5.44E+07 3.02E+08
¢.00E+00 0,00E+00

Vacuum Shield
Vessel

0.00E+00 6.96E+00
1.51E+07 8.05E+07
0.00E+00 0.00E+00

Vacuum Shield
Vessel

0.00E+00 3.38E-02
1.62E+06 B.81E+06
0.00E+00 0.00E+00

Vacuum Shield
Vessel

0.00E+00 1.13E-02
1.46E+04 1.17E+Q5S
0.00E+00 0.00E+Q0

Vacuum Shield
Vessel :
0.00E+00 5.56E-04
1.28E+03 4.39E+03
0.00E+00 0.00E+00
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Total Activity w/o Tritium (Ci) @ 10°4 years
First Divertor Divertor Blanket
Wall Plate Wall
pb 0.0CE+00 0.0CE+00 0.00E+00 ©. 00E+00
structure 4.37E+03 3.88E+00 9.21E+03 6.05E+03
impurities 0.00E+00 3.53E+00 0.00E+00 O0.0CE+00

Contact Dose (mSv/hr} @ Shutdown
First Divertor Divertor Blanket
Wall  Plate Wall
pb 0.00E+00 0.00E+00 O.CQOE+00 0.0CE+00
structure 9.11E+08 1.69E+09 7.18E+08 9.67E+07
impurities 0.00E+00 1.59E+06 C.COE+00 0.0CE+00

Contact Dose {mSv/hr) 8 1 year
First Divertor Divertor Blanket
Wall Plate Wall
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 4.74E+07 5.03E+07 4.18E+07 5.56E+06
impurities 0.00E+Q0 1.56E+05 C.Q0E+00 0.00E+00

Contact Dose {(mSv/hr) @ 10 yéars
First Divertor Divertor Blanket
Wall Plate Wall

pb 0.00E+00 0.00E+00 0. ®0E+00 0. OGE+00
structure 1_31E+06 1.52E+07 1.53E+06 3.06E+05
impurities 0.00E+0Q¢ 7.00E+02 ©.CO0E+00 0.0Q0E+00

Contact Dose (mSv/hr) @ 100 years :
First Divertor Divertor Blanket
wall Plate Wall

pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 1.94E+03 1.14E+02 2.7%E+03 B.80E+02
impurities 0.00E+C0 1.91E+02 ©.00E+00 0.00E+00

Contact Dose (mSv/hr) @ 1000 years
First Divertor Divertor Blanket
Wall Plate Wall
pb 0.00E+00 0.00E+00 0.00E+00 0.Q0E+00
structure 1.87E+03 4.00E+00 2.68E+03 -8.50E+02
impurities 0.00E+00 1.56E+00 0.00E+00 0.00E+00

Contact Dose (mSv/hr) @ 10"4 years
‘First Divertor Divertor Blanket
; Wall Plate Wall

b 0.00E+0C 0.00E+00 0O.00E+00 0.00E+00
structure 1.37E+03 3.97E+00 1.97E+03 6.25E+02
impurities 0.00E+00 1.22E-01 0.00E+00 0.00E+00

Vacuum Shield
Vessel

0.00E+00 4.77E-04

6.89E+02 2.80E+03
0.00E+00 0.00E+0D0O

Yacuum Shield
Vessel

0.00E+00Q 3.49E+01
3.14BE+07 9.52E+06
0.00B+00 0.00E+00

Vacuum Shield
Vessel

0.00E+00 5. 47E+00
1.40E+06 2.77E+05
0.00E+00 0.00E+00

Vacuum . Shield

Vessel

0.00E+00 8.73E-03
3.35E+05 7.52E+(4
0.00E+Q0 0.00QE+QQ

Vacuum Shield
Vessel

0.00E+00 4,93E-03
6.22E+02 &.89E+01
0.00E+00 0.00E+0Q0

Vacuum Shield
Vessel
0.00E+00 3.93E-05

6.01E+02 6.63E+01

0.00E+00 O.00E+0D

Vacuum Shield
Vessel

0.00E+0Q0 2.96E-06
4.42E+02 4 .87E+01
0.00E+00 O.00E+00
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Life Cycle Waste Volume {m"3) :
First Divertor Divertor Blanket  Vacuum Shield
Wall Flate Wall Vessel
ja)a] 0.00E+00 0.00E+Q0 0.00E+00 0.00E+00 0.00E+00 5.04E+01
structure 3.44E+01 2.31E+01 5.02E+01 1.37E+02 1.89E+01 4.08E+02

Deép Disposal Index
1.07E+05 '

Waste Disposal Rating
lipb 6.64E-02
impurities 3,95E+00

Breeder Waste Disposal Rating

mo 3.46E-01
.ag 3.56E+00
al 1.33E-02

others 1.03E-01

Specific Activity w/o Tritium (Ci/m™3)

e lipb impurities
Shutdown 1.22E+07 4.92E+05
1l year 2.92E+03 2.12E+04
10 years 5.53E+02 3.51E+03
100 years 1.56E+00 1.25E+02 .
1000 vears 1.52E+00 1.1ZE+01
104 years 1.52E+00 1.96E-01

Total Activity w/o Tritium (Ci)

a liph impurities
Shutdown 3.98E+09 1.61E+08
1 vear 9.%3E+05 6.91E+06
1i years 1.81E+05 1.15E+06
100 years 5.08BE+02 4.0%E+04
1000 years 4.97E+02 3.66E+03
104 vears 4.96E+02 6,39E+01
Contact Dose (mSv/hr)

@ lipb impurities
Shutdown 2.B4E+07 1.68E+07
1l year B8.60BE+00 5.06E+05
10 years 6.04E-01 1.13E+05
100 years 1.06E-01 1.71E+02
1000 years 2.19E-02 2.25E+Q0

1.15E+00

10~4 years 2.14E-02 .

Life Cycle Waste Volume (m~3)
lipb 3.27E+02

Deep Disposal Index
1.31E+03 '




\.4. Reference V/Li Desien (R3)

Waste Dispoéal Rating

cao
pb

First Divertor Divertor Blanket Vacuum Shield
Wall Plate Wall Vessel

0.00E+00 0.00E+00 0.QO0E+00 5.86E-02 0.00E+00 0.00E+00
C.00E+Q0 0.00E+Q0 0.Q00E+00 0.00E+00 0.00E+Q0 5.532E-05

structure 1,93E-03 1.48E+00 3.69E-03 1.77E-05 7.06E-03 3.17E-04
impurities 1.93E-01 3.21E+Q0 2.64E-01 2.13E-02 3.24E-02 1.89E-03

Structure Waste Disposal Rating

si

nb

cr

ti

al

ag

w

mo
others

First Divertor Divertor Blanket Vacuum Shield

Wall Plate Wall ' Vessel

1.80E-03 0.00E+00 0.00E+00 1.53E-05 0.00E+00 0.00E+00
1.93E-01 0.00E+00 2.64E-01 2.13E-02 2.16E-02 1.12E-03
5,22E-07 0.00E+00 6.62E-07 1.01E-08 0.00E+00 0.00E+00
2.78E-05 0.00E+00 0.00E+C0 2.44E-07 0.00E+00 0.00E+00
0.00E+00 1.21E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 3.15E+00 0.00E+00 0.00E+QG0 0.00E+00 ©.COE+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.06E-03 3.17E-04
0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.84E-03 4.74E-04
9.98E-05 4.26E-01 3.69E-03 2.17E-06 8.S90E-04 2

.91E-04

Specific Activity w/o Tritium {(Ci/m"3) @ Shutdown

cao
b

First Divertor Divertor Blanket Vacuum Shield
Wall Plate Wall Vessel _
0.00E+00 0.00E+Q0 0.00E+00 1.10E+06 0.00E+00 0.00E+00
0.00E+00 0.00E+0QC 0.00E+00 0.00E+00 0O.00E+00 1.50E+00C

structure 3.15E+07 1.66E+08 2.45E+07 2.04E+06 2.30E+06 3.04E+05
impurities 4.01E+02 1.47E+05 9.32E+01 2.00E+01 2.26E+05 3.53E+04

Specific Activity w/oc Tritium (Ci/m"3) 8 1 year

cao
pb
structure
impurities

First Divertor Divertor Blanket Vacuum Shield
Wall Plate ~ Wall ' Vessel

0.00E+00 0.Q0E+00 0.00E+00 3.81E+03 (.00E+00 0.00E+00
0.00E+00 O0.00E+Q0 0.00E+00 O0.00E+00 Q0.00E+00 3.41E-02
5.24E+05 1.65E+06 5.42E+05 6.3BE+03 1.88E+05 4.42E+04
7.99E+00 1.86E+03 1.00E+01 1.95E-01 3.22E+02 4.53E+01

Specific Activity w/o Tritium (Ci/m*3) @ 10 years

cao
pb

structure

impurities

T

First Divertor Divertor Blanket Vacuum Shield
Wall ‘Plate Wall : Vessel
0.00E+00 0.00E+0C 0.00E+0C 1.00E+03 0O.COE+(Q0 0.00E+QQ
0.00E+00 ©.00E+Q0 O0.00E+00 0.00E+00 0.00E+00 3.05E-04
5.59E+02 6.52E+05 5.94E+02 6.43E+00 1.55E+04 4.13E+03
4.89E+00 7.61lE+01 €.47E+00 2.00E-01 3.61E+01 1.37E+0Q1
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Specific Activity w/o Tritium (Ci/m*3) @ 100 vears

First Divertor Divertor Blanket
Wall Plate | Wall
cac - 0.00E+00 0.00E+00 0.00E+0Q00 7.96E+02
ph 0.00E+00 0.00E+00 0.00E+00 O.00E+00

structure 1.49E-01 1.24E+05 1.94E-01 1.12E-03
impurities 1.46E-01 0.Q0E+00 1.99E-01 7.37E-03

Vacuum Shield
Vessel

0.00E+00 Q.00E+00
0.00E+00 1.02E-04
2.86E-01 1.32E-02
1.87E+01 7.31E+00

Spec1f1c Activity w/o Tritium (Ci/m~3) €@ 1000 vears

First Divertor Divertor Blanket
Wall Plate Wall
cac 0.00E+00 0.00E+00 0.00E+00 9. 68E+01
pb 0.00E+00 O.0CE+00 0.00E+00 0.00E+00
structure 2.35E-03 2.44E+02 4.82E-03 2.32E-05
impurities 3.84E-02 9.20E-02 ' 5.54E-02 4.10E-03

Vacuum Shield
Vessel

0.00E+0CQ O0.0Q00E+Q0
0.00E+00 5.39E-06
2.84E-01 1.29E-02
5.62E-01 1.96E-01

Specific Activity w/o Tritium (Ci/m*3) @ 104 vears

First Divertor bivertor Blanket
Wall Plate Wall
cao 0.00E+00 0.00E+00 0.00E+0D 1.88E+01
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00

‘structure 1.69E-04 1.47E-01 3.39E-04 1.42E-06
impurities 2.70E-02 1.33E-01 3.70E-02 3.00E-03

Total Activity w/o Tritium {Ci} @ Shutdown

First Divertor Divertor Blanket
Wall Plate Wall
cac  0.00E+00 0.00E+00 0.DOE+00 &.85E+08
pb 0.00E+00 0.00E+00 O.00E+00 0.00E+00

structure 1.03E+09 4.58E+09 1.52E+09 2.40E+08
impurities 1.31E+04 4.04E+06 6.15E+03 2.35E+03

Total Activity w/o Triﬁium (Ci} @ 1 year

First  Divertor Divertor Blanket
Wall Plate Wall
cac 0.00E+00 0.00E+Q0 0.00E+00 2.37E+06
Ppb 0.00E+00 0.00E+00 0.00E+00 0.00E+00

structure 1.71E+07 4.55E+07 3.36E+07 7.50E+05
impurities 2.60E+02 5.12E+04 &6.21E+02 Z.34E+01

Total Activity w/o Tritium (Ci) € 10 years

First Divertor Divertor Blanket
Wall Plate Wall
cao 0.00E+00 0.00E+00 Q.00E+00 6.22E+05
pb 0.00E+00 Q.00E+00 0.00E+00 0.00E+020

structure 1.82E+04 1.79E+07 3.6BE+04 7.56E+02
impurities 1.59E+02 2.09E+03 4.01E+02 2.35E+01

Total Activity w/o Tritium (Ci} € .100 years
First "Pivertor Divertor Blanket
wWall Plate wall

caoe 0.00E+00 0.00E+Q00 0.00E+00 4.95E+05

ph 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 4.85E+00 3.41E+06 1.20E+01 1.31E-01
impurities 4.76E+00 0.00E+00 1.23E+01 9.3BE-01

~ Vacuum 'Shield

Vegsel

0.00E+00 0.00E+00
0.00E+00 4.68E-06
2.76E-01 1.26E-02
3.68E-01 1.28E-01

Vacuum Shield
Vessel

0.00E+00 0.00E+00
0.00E+00 8.87E+01

B.07E+07 1.21E+08

7.94E+06 1.40E+07

Vacuum Shield
Vessel

0.00E+00 0.00E+00
0.00E+00 2.02E+00
6.62E+06 1.76E+07
1.13E+04 1.80E+04

"Vacuum Shield

Vessel

0.00E+00 0. OOE+00
0.00E+00 1.80E-02
5.43E+05 1.64E+06
1.27E+03 5.45E+03

Vacuum Shield
Vessel _ :
0.00E+00 0.00E+00

‘0.00E+00 6.04E-03

1.00E+01 5.25E+00
6.58E+02 2.90E+03




Total Activity w/c Tritium (Ci) @_lﬂOO'years

First Divertor Divertor Blanket:
Wall Plate Wall
can 0.00E+G0 0.00E+00 0.Q0E+00 6.02E+04¢
pb 0.00E+0Q O.00E+0C 0.00E+00 0.00E+Q0

structure 7.65E-02 6.71E+03 2.99E-01 2.73E-03
impurities 1.29E+00 2_53E+00 3.43E+00 4.83E-01

Total Activity w/o Tritium {(Ci) @ 104 years

First Divertor Divertor Blanket
Wall Plate ‘Wall
cao 0. 00E+00 0.00E+00 0.00E+00 1. 17E+04
pb 0.CO0E+00 0.0CE+«Q0 0.0CE+00 Q0.00E+00

structure 5.52E-03 4.04E+00 2.10E-02 1.67E-0Q4
impurities B8.81E-01 3.66E+00 2.29E+00 3.53E-0¢1

Contact Dose (mSv/hr) € Shutdown

First Divertor Divertor Blanket
Wall Plate Wall
cao D.DUE+DD 0.0CE+00 0.00E+00 7.17E+06
pb " 0.00E+00 0.0CE+00 0.0QE+0C0 0.00E+00

structure 9.78E+08 1.58E+09 6.6%E+(8 5.89E+07
impurities 0.00E+00 2.34E+08 (.00EBE+00 1.34E+06

Contact Dose (mSv/hr) @ 1 vyear

First Divertor Divertor Blanket
wWall Plate Wall
cao 0.00E+00 0.00E+00 0.00E+Q0 7.45E+01
b 0.00E+00 0.00E+00 0.00E+00 0.00E+00

structure 4.30E+05 4.72E+07 3.79E+05 1.02E+04
impurities 3.01E+00 1.94E+04 3.01E+00 1.(00E-01

Contact Dose (mSv/hr) @ 10 years

First Divertor Divertor Blanket
Wall .Plate Wall
C cao 0.00E+00 0.0Q00E+00 0.00E+00 5. 66E+00
pb 0.00E+00 0.00E+Q0 O0.00E+00 0.00E+00

structure 2.84E+00 1.44E+07 3.42E+00 2.64E-02
impurities 1.17E+00 3.27E+06 1.60E+00 1.30E-01

Contact Dose {mSv/hr) @ 100 years

First Divertor Divertor Blanket
Wall Plate Wall
cao 0.00E+00 0.0CE+00 0.00E+00 B.67E-01
pb Q.00E+00 0.00E+00 O.00E+00 0.00E+00

structure 3.%90E-01 1.08E+02 4.64E-01 2.25E-03
impurities 1.17E+00 1.11E+02 1.59E+00 1.30E-0l

Contact Dose {mSv/hr} @ 1000 years
First Divertor Divertor Blanket
Wall Plate Wall .
cao 0.0CE+C0 0.00E+00 0.00E+Q0 2.83E-02
 pb C.0CE+CO 0.00E+00 0.00E+00 0.00E+00
structure 8.87E-03 3.70E+00 1,74E-02 7.55E-05
impurities 1,13E+00 8.65E-01 1.54E+00 1.26E-01

Vacuum Shield
Vessel )
0.00E+00 0.00E+0Q0
0.00E+0Q 3.19E-04
9.98E+00 5.14E+00
1.97E+01 7.77E+01

Vacuum Shield
Vessel

0.00E+00 0.00E+00
G.00E+00 2.77E-04
9.68E+00 5.00E+0Q0
1.29E+01 5.09E+01

Vacuum Shield
Vessel

0.00E+0Q0 0.00QE+00
0.00E+00 1.39E+01
1.06E+07 1.29E+06

5.55E+06 B8.65E+05

Vacuum Shield
Vessel -

0.00E+00 0.00E+00
0.0CE+00 1.28E+00
5.44E+05 5.65E+04
3.17E+03 3.43E+02

Vacuum Shield
Vessel

0.00E+00 0.00E+00

0.00E+00 3.58E-03
1.86E+03 1.35E+02
6.68E+01 7.49E+00

Vacuum Shield
Vessel

0.0Q0E+00 O0.0Q0E+0Q0Q
0.00E+00 2.13E-03
1.39E-02 9.67E-04
9.43E-02 4.96E-03

Vacuum Shield
Vessel

0.00E+00 0.00E+00
0.00E+00 1.71E-05
&.80E-04 2.96E-05
9.10E-02 4.76E-03
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Contact Dose {mSv/hr} @ 10~4 years _
First Divertor Divertor Blanket
. Wall Plate =~ Wall
cao 0.0CE+Q0 0.00E+00 0.00E+00 2.83E- 02
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 8.80E-03 3.66E+00 1.72E-02 7.4B8E-05
impurities 8.31E-01 4.3%E-02 1.14E+00 9.25E-02

Life Cycle Waste Volume {m*3)
First Divertor Divertor Blanket
Wall Plate Wall
cao - 0.00E+00 O.00E+00 0.00E+Q0 6.22E+02
prb 0.C0E+OC C.O0CE+0O0 0.00E+00 0.00E+00
structure 3.26E+01 2.75E401 6.20E+01 1.18E+02

Deep Disposal Index
1.295+402

Waste Disposal Rating
1i 6.01E-02
impurities 1.76E-0Q3

Breeder Waste Disposal Ratlng

1i 6.06E-~02

k 1.04E-03

n 5.49E-04

ca 5.11E-05

~others 0.00E+00
Specific Activity w/o Tritium {Ci/m"3)
e 1i - impurities
Shutdown 3.92E+05 2.14E+03
1 year 0.00E+00 9.02E+01
10 years 0.00E+00 1.95E+01
100 years O0.,00E+00 1.05E+01
1000 years 0.00E+00 1.30E+00
104 years 0.00E+00 1.07E-01

Total Activity w/o Tritium {(Ci)

@ 1i - impurities
Shutdown 1.85E+08 1.01E+06
1 year 0.00E+00 4.25E+04
10 years 0.00E+00 9,18E+03 -
100 years O0.00E+Q0 4.94E+03
1000 years (0.00E+00 6.13E+02
1074 years 0.00E+00 5.03E+01

Vacuum Shield
Vesgsel

0.00E+Q0 0.COE+00
0.00E+00 1.45E-06
6.59E-04 2.B8BE~05
€.71E~02 3.52E-03

Vacuum Shleld
Vessel

0.00E+00 0.00E+0Q0
0.C0E+00 5.92E+01
3.51E+01 3.97E+02

108




Contact Dose

e
Shutdown

1 year

10 years
100 years
1000 vears
104 years

1li

(mSv/hr).

impurities-

0.00E+00 5.24E+04
0.00E+0Q 2.61E+03
0.00E+00 2.37E+02
0.00E+00 4.20E-05
0.00E+00 4.20E-05
0.00E+00 4.18E-05

Life Cycle Waste Volume (m"3)
4.72E+0Q2

1i

Deep Disposal Index

0.00E+00

A6, Reference SIC/LipZrQz/He Design (R4)

Waste Disposal Rating
First
Wall

be
lizro
pb

0.
0.
Q.

00E+00
00E+DD
Q0E+00

structure 1.59E+00
impurities 0.00E+00

Divertor Divertor Blanket

Plate
0.00E+00

0.00E+00
1.55E+00
4.97E+00

Structure Waste Disposal Rating
First
Wall

si

c

al

ag

w

o

nb
others

1.

2
Q
0
Q.
Q
¢
0.

58E+Q0

.77E-0D4
.00E+0Q0
.00E+00

C0E+Q0

.00E+00Q
.C0E+00

00E+00

Plate

.Q0E+00
.00E+00
L14E+00
.T9E+00
.Q0E+00
.00E+00
.00E+00

Wall

0.00E+00 4.27E-02

0.00E+00 0.00E+00 2.27E-Q2

0.00E+00 0,.00E+00

2.71E+00 1.55E-02

1.00E-05 7.97E-07

Divertor Divertor Blanket

Wall

2.71E+00 1,52E-02

3.62E-04 3.86E-04

0.00E+Q0 0,00E+0Q0

0.00E+00 0.00E+00

0.00E+00 0.00E+Q0

¢0.00E+00 0.00E+00

0.00E+0Q0 0.00E+00

0.00E+00 0.00E+00

nmMocobk koo

.95E-01

Vasgal

0.00E+0Q0
0.00E+00
0.00E+00
7.62E-03

2.00E-02"

. Vacuum

Vessel

L00E+Q0
.00E+00
.00E+C0
.00E+0D
.60E-03
.39E-03
.18E-02
.82E-03

Wk 1oo oo

Specific Activity w/o Tritium (Ci/m"~3} @ Shutdown
Divertor Divertor Blanket

. be
lizro
b

First
Wall

0.
0.
0.

00E+00
D0E+00
Q0E+00

structure 3.B2E+07
impurities 2.508+03

Plate
0.00E+00
0.00E+00
0.00E+00
1.96E+08
1.85E+05

Wall
0.00E+00
0.00E+00
0.00E+00
2.94E+07
2.30E+03

1
9
Q

1
2

.6BE+06
.O08E+04
.Q0E+00
.A8E+06
.70E+02

Vessel

.(ODE+00
.Q0E+0Q0Q
.Q0E+00
.45E+06
.6BE+05

B wooo
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- Yacuum Shield

0.00E+00
0.00E+Q0
6.71E-05
9.71E-05
8.87E-04

Shield

.00E+00
.00E+00
.Q0E+0D0
.00E+Q0
.69E-05
J91E-04
.02E-04
.94E-04

PO Ooooo

Vacuum Shield.

G.00E+Q0Q
0.00E+Q0
2.21E+00
1.65E+05
2.24E+04




Specific Activity w/o Tritium {(Ci/m"3) @ 1 year :
First  Divertor Divertor Blanket

Wall
be 0.00E+00
lizro 0.00E+C0
pb 0.00E+00

structure 1.81E+01
impurities 1.18E+03

Plate

BH OO

.00E+00 0.
.00E+00 0.
.COE+00 0.
.90E+06 3.
.B1E+03 1.

Wall

Q00E+0Q0
00E+00
00E+00
27E+01
16E+03

.33E+03
.10E+02
.00E+00
.32E-01
.31E+02

- Wwo e

Vacuum Shield

Vessel

.Q0E+0Q0
.00E+00
LQCE+(Q0
.58E+05
.14E+02

WuInoo o

Specific Activity w/o Tritium (Ci/m”*3) @ 10 years
Vacuum Shield

First Divertor Divertor Blanket
Wall Plate Wall
be 0.00E+00 0.00E+00 0.00E+00 1.70E+02
lizro 0.00E+00C 0.00E+00 0.00E+00.1.5SE+0Q1
pb 0.00E+0C C.0CE+00 0.00E+00 0.00E+00
structure 2.20E+00 7.42E+05 3.75E+00 2.%53E-01
impurities 3.00E+02 2.29E+02 3.00E+02 3.83E+01

Vessel

0.00E+00
0.00E+00
0.00E+00
5.38BE+04
1.89%9E+02

Specific Activity w/o Tritium (Ci/m*3) @ 100 years
Vacuum Shield

First Divertor Divertor Blanket
Wall Plate Wall
be 0.00E+00 0.00E+00 0.00E+00 1.49E+01
lizre 0.00E+00 0.00E+00 0.00E+00 6.73E+00
pb 0.00E+00 0.00E+00 0.00E+00 0.0Q00E+0Q0
structure 6.08E-01 1.40E+05 8.53E-01 2.42E-01
impurities 2.08E-03 0.00E+00 2.19E-03 2,00E-04

Specific Activity w/o

Vessel

-.Q0E+00
.00E+00
.00E+00
L02E-01
L02E+02

=W o oo

Tritium (Ci/m~3} @ 1000 vears
Vacuum Shield

First Divertor Divertor Blanket
Wall Plate wall
be .0.00E+00 0.00E+00 0,00E+00 7.15E+00
lizro ¢.00E+00 0.00E+00 0,00E+400 1.94E+00
rb 0.C0E+00 C.00E+0Q0 0Q.00E+00 0.00E+00
structure 5.96E-01 2.76E+02 8.36E-01 2.19E-01
S9E-04 0.00E+00

impurities 1.01E-04 1.08E-01 1.

Specific Activity w/o

Vessel
0.00E+00
0.00E+00
¢.00E+00
3.01E-01
2.67TE+00

Tritium (Ci/m*3) @ 1074 years
Vacuum Shield
. Vessel

First Divertor Divertor Blanket
Wall Plate wWall
be 0.00E+00 0.00E+00 C.Q0E+00 2.69E+00
lizro 0.00E+00 0.00E+00 Q.00E+00 1.28E+0Q0
b 0.C0E+0C 0.00E+00Q0 0.00E+QQ0 0.0CE+Q0
structure 5.23E-01 1.52E-01 7.41E-¢1 B,37E-02
0.00E+00

impurities 9.40E-05 1.47E-01 1.90E-C4

Total Activity w/o Tritium (Ci} € Shutdown

First
Wall
be 0.00E+00
lizro 0.00E+00
pb 0.00E+00

structure 7.13E+08
impurities 4.66E+04

0

0
0.
2
2

.00E+00 0.
.0O0E+00 O.
00E+Q0 O.
.71E+09 8.
.57E+06 &,

Wall

COE+(Q0
COE+00
00E+00
64E+08
76E+04

Divertor Divertor Blanket
Plate

.35E+08
.4EE+06
.00E+00
.12E+09
-04E+05

[ SN e N

0.00E+00
0.00E+00
0.00E+00
2.91E-01
1.74E+00

[ B S e e ]

0.
0.
3.
2.
9.

oW o o Wi oo

W W OO

.GQE+00
.00E+Q0
.14E-02
.B5E+04
L43E+01

00E+00
Q0E+00

45E-04.

TOE+03
35E+00

.00E+00
.00E+00
.23E-04
.26E-03
.01E+00

.Q0E+0Q0
.00E+00
.B2E-06
.71E-03
.33E-01

.00E+0D
.Q0E+00
.95E-086
L.92E-03
. T4E-02

Vacuum Shield

Vessel

.0CE+00
.Q0E+00
.27E+08
.72E+07

Ll e I w

.00E+00

= OO

.0OE+0C
.00E+00
VALE+D2
.79E+07
.B85E+06
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R ———

be
lizro

b

First
Wall
0.00E+QD
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00

structure 3.37E+02

2

.63E+07

Wall

.Q0E+00
.Q0E+00
.00E+0D
.B61E+02

Total Activity w/o Tritium (Ci}) @ 1 year
Divertor Divertor Blanket
Plate

.68E+05
.99E+03
.00E+Q0
LS1E+02

“impurities

be
lizro
pb
structure
impurities

bhe
lizro
pb
structure
impurities

be
lizro
Pk
structure
impurities

be
lizro
pb
structure
impurities

“be
lizro
pb

structure
impurities

—

Contact Dose

2.21E+04 §.67E+04

First
Wall Plate

0.00E+0C Q.0Q0E+0QQ
4.00E+0C 0.00E+00
0.008+00 0.0Q0E+00
4.10E+01 1.03E+07
5.61E+03 3,18E+03

Total Activity w/o Tritium (Ci) @ 100
Divertor Pivertor Blanket
Wall

First
Wall Plate

0.C0E+0C 0.0CE+0O0
0.00E+00 0.00E+00
0.00E+00 0.00E+00
1.13E+01 1.94E+06
3.88E-02 0.00E+00

First
Wall Plate

0.00E+00 0.00E+00
0.00E+0QQ 0.00E+00
0.00E+00 0.00E+00
1.11E+01 3.82E+03
1.88E-03 1.50E+00

First
wWall Plate

0.C0E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
9.77E+00Q 2.10E+00
1.75E-03 2.03E+00

ww o oo
Wk O ok

L42E+04 9 ,87E+04

Total Activity w/o Tritium {(Ci) @ 10 years
Divertor Divertor Blanket
Wall

3.42E+04
4.21E+02
.00E+00 0.00E+00
.10E+02 1.91E+02
.82E+03 2.8%E+04

.00E+00
.00E+C0

- O OO

vears

0.00E+00 3.01E+03
0.00E+00 1.83E+02

0.00E+00 0.00E+00

2.51E+Q1l 1.83E+02
6.44E-02 1.51E-~01

Total Activity w/o Tritium (Ci) @ 1000 years
Divertor Divertor Blanket
Wall

0.00E+00 1.45E+03
0.00E+00 5.28E+01
0.00E+00 0.00E+00
2.46E+01 1.65E+02
5.85E-03 0.00E+Q0

Total Activity w/o\Tritium (Ci) @ 104 years
Divertor Divertor Blanket

Wall _
0.00E+00 5.43E+02
0.00E+00 3.46E+01
0.00E+00 0.00E+00O
2.18E+D1 6.33E+01
5.59E-03 0.00E+00

{mSv/hr) @ Shutdown

Vacuumn

Vesgel

0.00E+Q0
0.00E+00
0.00E+00
2.05E+0Q7
1.16E+04

Vacuum

Vessel

0.00E+00
0.COE+0D
0.00E+00
1.98E+06
6.96E+03

Shield

0.C0E+0QC
0.CO0E+00
2.46E+00
1.00E+07

8.54E+03

Shield

0.00E+00
0.00E+0D
2.05E-02
9.49E+05
3.29E+03

Vacuum Shield

Vessel

0.00E+00
0.00E+Q0
0.00E+Q0
1.11E+01
3.75E+03

.00E+00
.QO0E+0Q0
.33E-03
.S0E+00
.76E+03

HE oo

Vacuum Shield

Vessel

0.00E+0Q0
.Q0E+00
.QOE+0Q0D
.11E+01

0
0
1
9.82E+01

.O0E+00
.U00E+00
.46E-04
.30E+00
.68E+01

=W oo

Vacuum Shield

Vessel
.Q0E+00

.0DE+00
.07E+01
.39E+01

kOO0

.00E+00

.00E+0Q0Q
.00E+Q0
.94E-04
.38E+00
.07E+01

Wk oo

First Divertor Divertor Blanket
Wall Plate Wall -

0.00E+00 0.00E+00 0.00E+00 B.90E+05
0.00E+00 0.00E+00 0.00E+0Q 7.15E+(06
0.00E+00 0.00E+00 O.00E+00 0.0Q0E+00
2,40E+09 1.73E+09 1.85E+09 B.68E+07
1.00E+05 1.45E+06 1.00E+05 1.25E+04

Vacuum Shield

Vessel :

0.00E+00 0.00E+0D
0.00E+00 0.00E+00
0.00E+00 1,73E+01
1.26E+07 7.77E+(5
1.15E+07 4.61E+05
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Contact Dose {mSv/hr} @ 1 year'

be
lizro
pb
structure
impurities

Contact Dose

be
lizro
pb
structure
impurities

IContaCt Dose

be
lizro
pb
structure
impurities

Contact Dose

be

lizro

pb
structure

impurities

Contact Dose

be
lizro
b
structure
impurities

Life Cycle

be
lizro

' pb
structure

First Divertor Divertor Blanket

Wall Plate Wall

0.00E+00 DO.0CE+0D 0.00E+00 3.67E+Q4

0.00E+0C 0,00E+00 0.00E+00 1.01E+03

0.00E+00 Q.00E+00 0.00E+00 0.00E+0Q0Q

1.47E+03 5.40E+07 2.67E+03 7.36E+00

8.10E+04 1.00E+05 8.124E+04 1.10E+04
{msv/hr) & 10 vears

First Divertor Divertor Blanket

Wall Plate Wall

0.C0E+00 0. 00E+00 0.00E+00 8.29E+03
0.00E+00 0.00E+00Q 0.00E+00 3.89E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.46E+02 1.64E+07 2.65E+02 7.%3E-01
2.45E+04 3.00E+02 2.47E+04 3.37E+03
{mSv/hr) @ 100 vyears

First Divertor Divertor Blanket
wWall Plate Wall
0.0GE+00 0.00E+00Q O.00E+00
0.00E+00 0.00E+00 0.00E+00
D.00E+00 0.00E+00 0.00E+00
1.42E+01 1.22E+02 2.42E+01
1.78E-01 1.70E+02 1.78E=-Q1

-890E-01
.58E-03
.00E+00
.36E-01
.44E-Q2

o oo
LS e B L S

{mSv/hr} @ 1000 years _—
First Divertor Divertor EBElanket
Wall Plate Wall

O.00E+00 0.00E+00 Q.00E+00 1.28E-01
0.00E+00 0.00E+00 0.00E+0C 5.86E-03
0.00E+00 0.00E+00 Q.00E+0C 0.00E+00
1.42E+01 3.79E+00 2.42E+01 1.36E-01
0.00BE+00 1.37E+00 0.00E+00 0.00E+00

B Wwo oo
OoOMNOoOOO

{(mSv/hr} @ 1074 years

First Divertor Divertor Blanket
Wall Plate wWall :
0.0CE+00 0.00E+G0 0.00E+00 1.25E-01
0.00E+00 0.0Q0E+00 0.0Q0E+00 4.63E-03
0.00E+00 -0.00E+00 0.CO0E+C0 0.00E+0Q0
1.41E+01 3.76E+00 2.40E+C1 1.35E-01
0.00E+00 1.00E~01.2.00E-04 0.00E+00Q

Waste Volume (m"3)

First Divertor Divertor Blanket
Wall Plate Wall

0.00E+00 0.00E+00 0.00E+00 2.02E+02
0.00E+C0 0.00E+00 D.00E+00 2.71E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.87E+01 1.39E+01 2.94E+01 7.56E+02

Deep Disposal Index
2.00E+02

Vacuum Shield
Vesgel .
.Q0E+00
L00E+Q0

0 .00E+00
0

0.00E+00

4

1

.00E+00
.56E+00
.989E+04
.6TE+02

LTIE+DS
.36E+03

OO

Vacuum Shield
Vessel

0.00E+00 Q.00E+00
Q.00E+00 0.00E+0G
D.00E+00 4.41E-03
5.12E+03 5.30E+01
31.99E+01 4.38E+00

Vacuum Shield
Vessel

D.00E+00 O.DOE+QD
0.00E+00 O.00E+00
0.00E+00 2.5%9E-03
3.77E-02 4.10E-04
5.13g-02 2.21E-03

Vacuum Shield
Vessél

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 2.06E-05
7.95E-04 7,.38E-06
4.94E-02 2.13E-03

Vacuum Shield’

Vessel -

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 1.SGE-06
8.51E-04 8.75E-06
3.64E-02 1.57E-03

Vacuum Shield
Vessel

0.00E+0C 0.00E+00
C.00E+00 0.00E+00
0.00E+00 5.94E+01
3.6BE+01 3.51E+02
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nb

cr
ti

si

al

ag

W

mo
others

impurities

liZo
almina
be
pb
structure
impurities

First
Wall

liZo 0.00E+00
almina 0.00E+00
be 0.00E+00
- pb 0.00E+Q0
structure 5.26E+02
impurities 5.54E+00.

5
2
1
.0
0.00E+00
0
0
9

First
Wall
li2o 0.00E+00
almina 0.00E+00
. be 0.00E+00D .
pb 0.00E+00
structure 1.,84E-03
impurities 2.00E-01

First

Wall

2.00E-01
.15E-07
.85E-05
.7T1E-03
.D0E+00

.00E+00
.00E+00
.82E-05

First

Wall
1i2o 0.00E+00
almina 0.00E+00 .
be 0.00E+00
b 0.00E+00

structure 1.26E+08

0.00E+00

First
Wall
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.00E+05
1.00E+Ul

Waste Disposal Rating

A.7 V/Li20/H20Q Variant Design - (V1)

Divertor Divertor Rlanket
Plate

AR OO OO

.00E+00
.00E+00
.00E+0D
.00E+00
.59E+00
.45E+00

Wall

B OO OO

Structure Waste Disposal Rating

.00E+Q0
.Q0E+00
.DO0E+00
. 00E+00
.92E-03
.73E-01

LU o e B B ¢

.63E-02
.T3E+D0
.59E-02
.Q0E+00
.86E-05
.32E-02

Divertor Divertor Blanket
Plate

OO OO0 0O

.00E+00
.Q0E+00
.00E+00
LOQE+G0
.17E+00
LIT7E+GQD
.00E+00
.Q0E+00
.99E-Q1

Plate

NN OOoOOoOO

.00E+0Q0
.00E+00
.00E+00
-00E+Q0
.16E+08
JQ2E+05

Wall

HFOCOOoOWWnl

.73E-01
.85E-07
.71E-05%
.76E-03
.00E+00
.00E~+00
.00E+00
.00E+00
.29E-04

Wall

HFYoooo

.00E+00
.00E+00
.QQE+00
.00E+00
.51E+07
.98E+02

OO oo R MW

Ll ) B B TEREA I )

.32E-02
.02E-08
.60E-07
.41E-05
.Q0E~+00
LO0E+Q0
.00E+00
.QOE+Q0
.45E-06

. Divertor Divertor Blanket

.87E+05
.89E+05
.21E+06
.00E+00
.69E+06
.COE+02

Divertor Divertor Blanket
Plate

b i e o e

.00E+00
.00E+00
.00E+00
.00E+00
+B5E+Q6
.67E+03

Wall

PNOoOOo OO

.Q0E+00
.00E+00
.00E+00Q
.00E+0Q
.13E+05
.20E+01

th P OB b

.57E+02
L40E+01
.62E+03
.Q0E+00
.09E+04
.99E-01

Divertor Divertor Blanket
Plate

e -1 0o 00

.00E+QD
.00E+00D
.00E+00
O0E+Q0 -
.24E+05
.80E+01

Wall

ono oo o

.Q0E+00
.D0E+00
. 00E+00
. 00E+00
.RTE+02
.18E+00

LA ol e SR VERR PR SN

LAL1E+01
.16E+00
.D9E+02
.00E+00
.04E+01
.11E-01
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Vacuum Shield

Vessel

.Q0E+0D
.00E+0D0
.00E+00
.19E-02
.44E--02

YN oOOo oo

Vacuum

Vessel

.30E-02
.00E+00
LCOE+00
.00E+00
.00E+00
.00E+00
L19E-02
.6TE-02
.47E-02

HFNMUMOO S OO W

Specific Activity w/o”Tritium (Ci/m~3) @ Shutdown

.00E+00

.0BE+00
.0DE+DO
.00E+00
.23E-04
.87E-03
L.25E=-03

GwkEoooO

- Shield

.36E-03
.00E+00
.00E+CO
.00E+0D
.00E+0Q0
.00E+0Q0Q
.B7E-03
.95E-03
.94E-03

PP WOoOODOOOE

Vacuum Shield

Vessel

. 00E+00
.00E+00
.00E+00
.Q0E+00
.13E+07
.00E+05

R OO OO

Specific Activity w/o Tritium (Ci/m"3}) @ 1 year

.00E+00
.00E+00
.00E+00
.76E+00
.42E+06
.33E+05

R RO OO

Vacuum Shield

Vessel

.00E+00
.Q0E+00
L.Q0E+0Q
LQOE+00
.57E+0D6
.T2E+04

HNNOoOOoO OO

Spe01f1c Activity w/o Tritium (Ci/m"3) @ 10 vears

. 00E+00
. Q0E+00
LOOE+QQ
.17E-01
.12E+05
.36E+0Q3

PR oOoo

Vacuum Shield

Vessel

.BOE+00
.QOE+0D
LQ0E+Q0
.QO0E+00
.36E+05”
.31E+02

MO QOO

LA - =R~

.00E+00
.00E+00
.00E+00
.7T0E-04
.93E+04
.B8TE+{1




Specific Activity w/o Tritium {(Ci/m*3} € 100 vears
Vacuum
Vessel

First Divertor Divertor Blanket
Wall Plate @ Wall
li2e ~ 0.0CE+00 Q.00E+Q00 0.00E+C0 2.33E+01
almina 0.00E+00 0.00E+00 0.00E+C0Q 1.Q7E+00
be 0.00E+00 0.00E+00 0.00E+00 2.36E+01
pb ¢.00E+00 0.00E+00 0.00E+U0 O,00E+00
structure 1.52E-01 1.41E+05 2.11E-01 9.20E-04
impurities 1.60E-01 0.00E+00 2.34E-01 1.72E-02

.O00E+00
.CO0E+00
LC0E+00
. D0E+00D
LS3E+Q0
L03E+01

Specific Activity w/o Tritium (Ci/m~3) @ 1000 years
Vacuum

First . Divertor Divertor Blanket
Wall . Plate Wall

lizo 0.00E+00 0.00E+0¢ C¢.QQE+00 4.27E+0Q0
almina 0.00E+00 0.QO0E+00 0,.00E+0Q0 1.00E+00
be 0.00E+00 0.Q0E+00 (,00E+0Q00 1.09E+01
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00 .
structure 2.27E-03 2.77E+02 5_26E-03 2.30E-05
impurities 4.03E-02 1.00E-01 5.62E-02 6.40E-03

PNOOoODOoOO

Vessel

.OOE+00
.00E+Q0
.00E+00
LOCE+00
LS52E+0Q0 -

.91E+00

Specific Activity w/o Tritium (Ci/m~3) @ 10“4 years
Vacuum Shield
Vessel

First Divertor Divertor Blanket

Wall Plate Wall
li2o 0.00E+00 0.00E+QO 0.00E+00 7.79E-01
almina 0.0CE+00 0.00E+00 0.00E+00 6.16E-01
be '0.00E+00 0.00E+00 O.00E+00 4.06E+00
. Pb 0.00E+00 0.00E+00 0.00E+00 0.C0E+00
structure 1.61E-04 1.57E-01 3.62E-04 1.28E-06
impurities 2.80E-02 1.45E-01 3.81E-0Z 4.6BE-03

Total Activity w/o Tritium {Qi} € Shutdown
First Divertor Pivertor Blanket

Wall Plate Wall )
lizo 0.00E+00C 0.00E+00 0.00E+00 8.,98E+07
almina 0.00E+00 0.00E+00 0.00E+00 1.10E+07
be 0.00E+00 0.00E+00 0.00E+00 2.5GE+08
pb 0.C0E+00 0.00E+00 0.00E+00 0.00E+00
structure 2.81E+09 4 .31E+09 3.63E+09 5,.66E+(8
impurities 0.00E+00 4.04E+06 7.56E+03 9.96E+03

Total Activity w/o Tritium (Ci) € 1 year
First Divertor Divertor Blanket

Wall Plate Wall _
li2o 0.00E+00 0,00E+00 0.00E+00 3.36E+04
almina 0.00E+00 0.00E+00 G.00E+00 3.35E+02
be 0.00E+00 0.00E+00 ¢.00E+00 2.04E+05
pb 0.00E+00 0.00E+00 ©.00E+00 0.00E+00

structure 1.12E+07 3.69E+07 1.,95E+07 1.08E+06
impurities 2.24E+02 1.53E+05 4.57E+02 6.96E+01

B MNO OO

LOOE+Q0
.00E+00
.Q0E+0Q0
.00E+00
.46E+00
.18E+00

MNMPEeEMNOoO O o

P Rerooo

BP0 o o0

Shield

.COB+00
.00E+00
.00E+C0
.26E-D4
.89E-01
.69E+01

Shield

.0CE+00
.QG0E+Q0
. O0E+00
L13E-05
.B8E-01
.21E-01

.Q0E+00
.00E+00
.00E+00
.6BE~-0&
.84E-01
.64E-Q1

Vacuum Shield
Vessel

HNOoOOOO

.00E+00
.QDE+00

.00E+00

.Q0E+00

.€1E+08

.39E+07

G =l OO0

.00E+00
.Q0E+00
.00E+00
.41E+02
.20E+08
.75E+07

Vacuum Shield
Vessel

wrmoooo

.00E+00
.00E+00
.00E+00
.00E+00
.97E+07
.99E+05

h - o OO

.J0E+0D
.00E+00
.00E+00
.Q0E+00
.59E+08
.93E+05
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Total Activity w/o Tritium (Ci) € 10 years
First  Divertor Divertor Blanket

Wall Plate Wall.
liz2o 0.00E+00 0.00E+00 0.00E+00 5.76E+03
almina 0.00E+00 0.00E+00 0.00E+00 4.41E+01
be 0.00E+00 0.00E+00 D,.00E+00 2.41E+04
b 0.00E+Q0 O.00E+00C 0.00E+00 O0,.00E+0O
structure 1.18E+04 1.45E+07 2.12E+04 1.03E+{03
impurities 1.24E+02 1.96E+02 2.12E+02 5.0B8E+01

Total Activity w/o Tritium (Ci) € 100 years
First Divertor Divertor Blanket
Wall Plate Wall .

.05E+03

lizo 0.00E+00 0.00E+00 0.00E+00 3.05
almina 0.00E+Q00 0.00E+00 0.00E+00 1.49E+01
be 0.00E+00 0.00E+00 0.00E+00 1.84E+03
b 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 3.40E+00 2.8lE+06 B8.04E+00 9.1%E-02
impurities 3.58E+00 0.00E+00 B.93E+00 1

. 71E+00

Total Activity w/o Tritium {Ci) @ 1000 years
First Divertor Divertor Blanket
Wall Plate Wall

liZo 0.00E+00 0.00E+0Q0 0.00E+00 5.58E+02
almina 0.00E+00 0.00E+00 0.00E+00 1.,40E+01
be 0.00E+00 0.00E+00 0.00E+00 B.45E+02
pb 0.00E+00 Q,00E+00 0.00E+00 0.00E+00
structure 5.08E-02 5.53E+03 2.00E-01 2.29E-03
impurities 9.03E-01 2.00E+00 2.14E+00 6.37E-01

Total Activity w/o Tritium {Ci) @ 1074 years
First Divertor Divertor Blanket

wWall Plate Wall
liZo 0.00E+00 O.00E+00 0.00E+00 1.02E+02
almina 0.00E+00 0,00E+00 0.0QE+00 8.60E+00 -
be 0.00E+00 0.00E+00 0.00E+00 3.16E+02
- pb 0.00E+00 0.00E+00 0.0CE+00 0.00E+00C
structure 3.61E-03 3.14E+00 1.38E-02 1.28E-04
impurities 6.27E~-01 2.S90E+00 1.45E+00 4.66E-01

Contact Dose {(mSv/hr} @ Shutdown
First Divertor Divertor Blanket .

Wall Plate Wall :
liZo 0.00E+0C 0.00E+00 0.00B+00 2.97E+07
almina Q0.00E+00 0.00E+00 0.00E+00 4.36E+07
be 0.00E+00 0.00E+00 0.00E+00 9_25E+05
rb 0.00E+00 0.00E+00 0.00E+00 0.00E+00

structure 4.04E+09 1,.73E+09 2.90E+09 1.76E+0B
impurities 0.00E+00 1.68E+06 0.C0E+00 0.00E+00

Vacuum Shield

Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+QO
0.00E+00 0.00E+0Q0
0.00E+00 3.43E-02
5.46E+06 1.49E+07
5.36E+03 2.9BE+04

Vacuum Shield
Vessel

0,00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 1.16E-02
5.87E+01 9.62E+01
1.40E+03 1.37E+04

vacuum Shield
Vessel

0.00E+00 0.00E+00
0.00E+00 0,00E+00
0.0CE+00 0.00E+00
0.00E+030 S5.77E-04
5.85E+01 9.56E+01
4.44E+01 3.67E+02

Vacﬁum Shield

Vessel

0.00E+0C C.00E+00
0.00E+00 0.00E+00
0.00E+00 Q.0Q00E+00Q
0.00E+00 4.96E-04
5.71E+01 9,34E+01
2.7T4E+0Q1 2_.36E+02

Vacuum Shield

Vessel

0.00E+00 0.00E+00
0.00E+00 0.0Q0E+00
0.00E+00 0.COE+0Q
0.00E+00 3.26E+01
5.71BE+07 6.40E+06
1.40E+07 3.19E+06
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Contact Dose-(mSv/hr} @ 1 year
First Divertor Divertor Blanket
Wall Plate wWall

1i20  0.00E+00 0.00E+00 0.00E+00 1.40E+03-
almina 0.00E+00 O.00E+Q00 0.00E+00 1.03E+03
be 0.00E+00 0.00E+00 0.00E+00 3.57E+04
pb C0.00E+00 0.C0E+00 0.0CE+00 0Q.00E+00
structure-  5.58E+05 5.20E+07 4.38E+05 2.46E+04
impurities 1.99E+00 2.02E+05 31.01E+00 5.03E-01

' Contact Dose (mSv/hr} & 10 years

First Divertor Divertor Blanket
Wall Plate Wall

liZo 0.00E+Q0 0.0Q0E+00 0.0CE+00 9.14E+01
almina Q.00E+00 0.00E+00 0.00E+00 1.15E+02
be 0.00E+00 0.00E+G0 0.00E+Q0 7.95E+03
pb ¢.00E+Q0 0.0CE+CO 0.COE+00 0.00E+00
structure 3.22E+00 1.58E+(07 4.11E+00 2.69E-02
impurities 1.21E+00 2.07E+06 1.65E+00 2.00E-01

Contact Dose (mSv/hr) @ 100 vears

First Divertor Divertor Blanket

_ Wall Plate Wall :

liZo G.COE+0CQ Q.0CE+00 0.00E+Q0 3.17E-03

almina 0.00E+00 0.00E+0Q0 0.00E+00 2.33E+01

be 0.00E+00 0.Q0E+00 0.00E+00 2.25E-01

pb 0.00E+00 O0.0CE+C0 0.00E+00 0.00E+Q0
‘structure 4.01E-01 1.18E+(2 5.04E-01 1.00E-03
impurities 1.21E+00 2.23E+02 1.64E+00 2.02E-01

Contact Dose (mSv/hr) @ 1000 years

First Divertor Divertor Blanket .
Wall Plate wWall
liZo 0.00E+Q0 Q0.00E+00 0,00E+Q0 2.20E-03
almina 0.00E+00 0.00E+00 0.00E+00 2.33E+01
be 0.00E+00 (.00E+00 0.00E+00 1.65E-01
pb 0.Q0E+00 0.00E+00 0.00E+00 0.00E+00
structure 8,44E~-03 3.91E+00 1.85E-02 6.92E-05
impurities 1.17E+00 1.71E+00 1.5%E+00 1.96E-01

Contact Dose {mSv/hr) @ 10”4 years .
First Divertor Divertor Blanket
Wall Plate Wall

liZo 0.CQE+00 O.0CE+0C 0.00E+QQ 2.88E-0Q3
almina 0.00E+00 0.00E+00 0.00E+00 2.31E+01
be 0.00E+00 0.0CE+C0 0.00E+00 1.62E-01
pb 0.00E+00 0.00E+GO 0.0CE+00 ©.00E+00
structure 8.37E-03 3.88E+00 1.83E-02 6.86E-05
impurities 8.61E-01 5.50E-02 1.17E+00 1.44E-01

- Vacuum Shield
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Vacuum Shield

Vessel

0.00E+00 0.00E+00
¢.00E+00 0.Q0E+DO
0.00E+00 0.00E+00
0.00E+00 4.44E+00
3.11E+06 3.07E+05
1.90E+05 1.46E+04

Vacuum Shield

Vessel

0.00E+00 0.COE+0D
0.00E+00 0.00E+00
0.00E+00 -0.00E+00
C.COE+00 8.32E-03
1.11E+04 1.74E+03
3.69E+03 2.91E+02

Vessel

0.00E+00 0.00E+GO
0.00E+00 0.00E+QD
0.00E+00 ¢.00E+Q0Q
0.00E+00 4.75E-03
7.61E-02 1.22E-02
2.99E-01 2.42E-02

Vacuum Shield

Vessel :

0.00E+00 0.,00E+00
0.C0E+00 0.00E+QO
0.00E+00 0.00E+QO0
0.00E+00 3.80E-05
5.08E-03 3.82E-04
2.66E-01 2.16E-02

Vacuum Shield

Vessel .
0.C0E+00 0.00E+00
0.00E+00 O.00E+QO0
0.00E+00 0.00E+00 °
.00E+00 3.01E-06
5.04E-03 4.17E-04
2.07E-01 1.68E-02




Life Cycle Waste Volume (m"3)

vacuum 'Shield

Vessel
.00E+0Q
.00E+00

[ e o o ]

.32E+01

First Divertor Divertor Blanket.
Wall Plate Wall
liZo 0.00E+00 0.00E+00 0.00E+00 1.31E+02
almina 0.00E+00 0.00E+00 0.00E+00 1.40E+01
be 0.00E+00 0.Q00E+00 0.0CE+Q0 7.79E+01
pb 0.C0E+0C 0.0CE+00 0.00E+00 0.COE+00
structure 2.24E+01 2,00E+01 3.81E+01 9,95E:+01
Deep Disposal Index
1.61E+02
A.8. Variant 31655/Li20/H0 Design (V2)

Waste Disposal Rating

First Divertor Divertor Blanket
Wall Plate Wall Vessel
li2o ¢.CO0E+00 0.00E+0Q0 0.00E+QO0 2.83E-02 0.00E+00
almina 0.00E+00 0.00E+00 0.00E+00 1.06E+00,0.00E+90
be 0.00E+00 0.Q0E+00 0.00E+00 1.74E-02 0.00E+00
pb 0.00E+00 0.00E+00 0.00E+00 0.0D0E+00 0.00E+00-
structure 1.46E+02 1.39E+00 2.77E+02 1.37E+01 3.5iE+01
impurities 0.0CE+00 6.52E+00 0.00E+00 0.00E+00 0.00E+00Q
Structure Waste Disposal Rating
First Divertor Divertor Blanket vVacuum
Wall Plate Wall Vessel
mo 1.47E+02 Q.0Q00E+00 2.79E+02 1.39%E+01 3.55E+(1
al 0.00E+00 1.02E+00 0.00E+00 0.COE+00 0.00E+00
ag 0.00E+00 6.05E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00
0.00E+QO

.00E+00 0.00E+CO
.Q0E+Q0 5.12E+01

5.08E+02

Vacuun Shield

others 0.00E+00 8.37E-01 0.00E+00 0.00E+00 0.00E+00

Specific Activity w/o Tritium (Ci/m~3) @ Shutdown
First Divertor Divertor Blanket

Wall
li2o 0.00E+Q0
almina 0.00E+Q0
be 0.00E+0Q
pb 0.00E+00

structure 7.28E+07
impurities 0.00E+0Q0

MO O oD

Specific Activity w/o _
First Divertor Divertor Blanket

Wall
liZo 0.00E+00
almina 0.00E+00
be 0.00E+00
pb 0.00E+0Q0

structure 1.99E+07
impurities 0.00E+00

Weoooo

.75E+(Q3

Plate Wall

.QO0E+Q0 0.00E+Q0
.QOE+00 0.00E+00
.Q0E+00 0.00E+Q0
.00E+00 0.00E+00
.52E+08 8.58E+07
.19E+05 Q.00E+Q0-

Tritium (Ci/m"3) @ 1 vear

Plate Wall

LO0E+00 Q0.00E+00
LO0E+00 0.00E+00
.00E+00 0.00E+00D
.Q0E+00 0.00E+00
.69E+06 2.95E+07

0.00E+00

O b} O W

CohOoOmRNN D

.00E+05
.30E+05
.22E+06
.0CE+00
.47E+06
.00E+00

.90E+01
.02E+00
L13E+02
.00E+00
.39E+05
.00E+Q0Q

.00E+0Q

.00E+00
.15E-05
.91E+00
.00E+00

oMo OO

Shield

2.93E+00
0.00E+00
0.00E+00Q
0.00E+00

Vacuum Shield

Vessel

.00E+Q0
.00E+00
L00E+00
.00E+00
.89E+06
.00E+00

O OoOOoOOoO0o

.Q0E+00
LO0E+D0
LO0E+00
.Q9E+00
.27E+05
.Q0E+00

O W oo o

Vacuum Shield

Vessel

.00E+00
.00E+00
.00E+00
.00E+00
.63E+05
.Q0E+Q0

oMo OO0

.00E+Q0
.00E+00
.00E+Q0

.56E+04
.00E+00

Owoh o oo

.QOE+00

.97E-02
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Specific Activity w/o Tritium (Ci/m*~3) @ 10 years
Vacuum Shield

First
Wall

liZo 0.C00E+00
almina 0.00E+00
be -0,00E+00
pb 0.00E+00

structure 1.90E+06
impurities 0.0CE+0D

OO0

Specific Activity w/o

First

wall
1iz2o 0.00E+Q0
almina 0.00E+Q0
be ‘0.00E+00D
rb - 0.00E+D0

structure 1.Z24E+04
impurities 0.00E+00

First

Wall
lizo 0.00E+Q0
almina €.00E+00
be ©.00E+00
) ) 0.00E+0Q0

structure 5.98E+02
impurities 0.00E+00

oOrR OO0

'Specific Activity w/o

HNOOOO

Specific Activity w/o

First

Wall
liZo 0.00E+00
almina 0.00E+00
be 0.00E+00
pb 0.00E+00

structure 2.08E+02

impurities 0.00E+00

Ll B e B e B e B oo ]

oOWOoOoOO

Wall

.00E+00
.00E+00
.00E+Q0
.00E+00
.02E+06
.00E+00

[ R B e s N ]

Divertor Divertor Blanket
Plate

.00E+00
. 00E+00
.00E+00
.00E+0Q
.52E+05%
.41E+02

L22E+01
L.12E-01
.54E+01
.00E+0Q0
.0BE+04
.O00E+00

Vessel

.Q0BE+00
.00E+00
.O00E+00
LOOE+00
39E+04
. OQE+Q0

oOWwoooo

Tritium (Ci/m"3) €@ 100 years
Vacuum Shield

Tritium {(Ci/m"3)
Divertor Divertor Blanket:
Plate

.QOE+00
.Q0E+00Q
.00E+00
.00E+00
.45E+02
.02E-01

QN OO0

O OoOC OO

Wall

.QO0E+00
.00E+QQ
.00E+00
.CO0E+00
.4BE+04
.00E+00

Wall

.Q0E+0Q0
.O0E+00
.Q0E+00
-.00E+00
L1BE+D3
.00E+00

O WM

O b O R

Divertor Divertor Blanket
Plate

.Q0E+0Q
.00E+00
-D0E+00
.00E+00
.25E+05
.Q0E+00

.88E+00
.49E-01
.07E+00
.00E+00
.77E+02
.00E+00

Vessgel

.Q0E+00
.00E+Q0
.00E+00
.00E+00
.05E+03
. 00E+00

onoocao

€ 1000 vyears
vacuum . Shield

.Q9E+00
.33E-01
.31E+00
.Q0E+00
.56E+01
.00E+0D

Vessel

.COE+00
.00E+0D
.DOE+00
.00E+0Q0
.93E+01
.00E+0Q0

OO OO0

Tritium (Ci/m~3) @ 104 years
Vacuum Shield

OoOwWwWoo oo

Wall )
.00E+00
.Q0E+00
.COE+00
.00E+00
.94E+02
.Q0E+00

0000 = b

Divertor Divertor Blanket
Plate

.D0E+00
.00E+DD
-Q0E+00
.00E+00
.34E-01
.40E-01

.00E-01
.41E-01
.68E-01
.0OE+00
.67E+00
.00E+00

Total Activity w/o Tritium (Ci} € Shutdown

First

Wall .
1i2o 0.00E+Q0D
almina 0.00E+0D
be 0.00E+00
pb 0.00E+0D

structure 7.86E+0%
impurities 0.00E+00

Plate Wall
0.00E+00 0.COE+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 J.00E+00
6.99E+09 5.58E+09
6€.07E+06 0,00E+Q0

SN oO -

Divertor Divertor Blanket

.21E+08
.26E+07
.69E+08
.00E+00
.24E+08
.00E+00

Vessel

.00E+00
.00E+00
.00E+00
.00E+00
:80E+0Q1
.Q0E+G0

OWoo oo

ONGOD OO

ORF WO oo

Wk OoOOooO

oMo oo

.00E+Q0
.00E+00
.COE+Q0
.70E-04
.91iE+04
.Q0E+0Q

.O0EA+ 00
.Q0E+00
.00E+00
.15E-04
.93E+02
.00E+00

.0DE+00
.00E+00
.00E+00
.73E-06
.00E+01
.00E+00

.00E+00
.00E+00
-00E+00
.93E-06
.49E+01
.00E+00

Vacuum Shield

Vessel

.00E+00
.00E+00
.DOE+00
.Q0E+00
.B6E+08
.00E+00

OO OQCO

0.00E+00
0.00E+00
0.
3
3
0

00E+(0

.36E+02
.04E+08
.00E+00
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-

Total Activity w/c Tritium (Ci) € 1 year
First Divertor Diverteor Blanket
. Wall - Plate Wall
li2o 0.00E+00

0.00E+00 0.00E+00 .3.S5E+04

almina 0.00E+00 0.00E+00 0.0CE+Q0 7.69E+01

be 0.00E+00 O.00E+00 0.0CE+00 1.13E+05

pb 0.00E+00 0O.00E+00 0.00E+00 0.00E+0Q0
structure 2.15E+09 4.6BE+07 1.92E+09 1.35E+08
impurities 0.00E+00 2.70Q0E+05 0.00E+00 0.00E+00

Total Activity w/o Tritium (Ci) € 10 vears
First Divertor Divertor Blanket
Wall Plate Wall

li2o 0.00E+00 0.00E+00 0.00E+00 4.92E+03
almina 0.00E+00 0.00E+00 0.00E+00 1.57E+01
be 0.00E+00 0.00E+00 Q.QO0E+00 1.18E+04
rb 0.00E+00 0.00E+00 0.Q0E+00 0.00E+0Q
structure 2.05E+08 1.81E+07 1.97E+08 1.50E+07
impurities 0.00E+00 1.78E+04 0.00E+0C 0

.00E+00

Total Activity w/o Tritium (Ci) € 100 years
First  Divertor Divertor Blanket

Wall Plate Wall )
1i20 0.C0E+00 0.0CQE+00 0.00E+00 2.37E+03
almina 0.00E+00 0.00E+00 0.Q0E+Q0 9.48E+Q0
be 0.00E+00 0.00E+00 0.00E+00 7.02E+02

_ pb 0.00E+00 0.00E+00 0.00E+00 0.00E+QO0
structure 1.33E+06 3.46E+06 1.61E+06 7.599E+04
impurities 0.00E+00 0.00E+00 0.00E+00 0.00E+0Q0

Total Activity w/o Tritium (Ci) @ 1000 years
First Divertor Divertor EBlanket

Wall Plate Wall
li2o 0.00E+00 Q.COE+CD 0.00E+00 4.38E+02
almina - 0.00E+00 0.00E+00 0.00E+00 8.B7E+0{
be 0.00E+00 0.00BE+00 0.00E+00 3.20E+02
pb 0.00E+00 0.00E+CQ 0.Q0E+00 O.00E+00
scructure 6.45E+04 6.80E+03 7.67E+04 5.43E+03
impurities 0.00E+Q0 2.B3E+00 0.00E+00 0.00E+00

Tetal Activity w/o Tritium {(Ci) @ 10”4 vears
‘"First . Divertor Divertor Blanket

: Wall Plate Wall
liZo 0.00E+00

0.00E+Q0 0.00E+00 8.05E+01

almina 0.00E+00 0.00E+00 0.00E+00 5.35E+00
be 0.00E+00 D0.00E+C0 0.00E+00 1.20E+02
ph ¢.00E+00Q 0.00E+00 0.00E+00 0.00E+00
structure 2.25E+04 3.71E+00 2.56E+04 1.84E+03
impurities 0.00E+00 3.89E+00 0.00E+0Q0 0.00E+0Q

TTTTTTT _'}'

Vacuum Shield
Vessel

O OO0 OO

.Q0E+00
.QOE+00
.00E+00
.O0E+00
.64E+07
.Q0E+00

Lo 32 S B o e 3

.00E+00
.00E+00
.D0E+00
.S7E+Q0
.B8E+07
.00E+00

Vacuum Shield
vessel

0.
0.00E+Q0
0.00E+00
o.
7
0

0OE+QO0

00E+00D

.73E+06
.00E+00

Vessel

OO OoOo

.QDE40Q
.Q0E+Q0
LODE+Q0
.00E+00
. 69E+05
.00E+00

OO oo

OWwErFk ODo0

.O0E+Q0
.Q0E+00
.00E+0Q0
.01E-02
.77E+07
.-00E+00

Vacuum Shield

-00E+00
.00E+00
.00E+00
.25E=02
.21E+05
.00E+00

Vacuum’ Shield
Vessel

oCUVOo OO0

.00E+00
.00E+Q0
.00E+00
LO0E+00
.75E+03
.00E+00

Vessel

Owoo oo

.O00E+020
.QDE+Q0
.00E+0D
_00E+00 .
L12E403
.Q0E+00

O o000

Or oo oo

.00E+00
.00E+00
.Q0E+00
.31E-04
.85E+04
. 00E+00

© Vacuum Shield

.00E+00
.00E+00
.00E+00
.44E-04
.39E+04
.Q0E+Q0
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Contact Dose {mSv/hr} @ Shutdown
First Divertor Divertor Blanket
Wall Plate Wall

li2o 0.00E+Q0 0.00E+00 Q0.00E+00 9.47E+06
almina 0.0CE+00 0.00E+00 0.00E+Q0 1.35E+07
be 0.00E+00 0.00E+00 0.00E+00 2.59E+05
pb ¢.Q0E+00 C.0CGE+00 0.00E+00 0.00E+00
structure 6.76E+08 1.86E+09 7.30E+08 2_.58BE+(7
impurities 0,00E+00 1.91E+06 0.00E+00 0.00E+00

Contact Dose {(mSv/hr) @ 1 year
First Divertor Divertor Blanket

Wall -Plate Wall
1liZo 0.00E+(30 Q0.Q00E+00Q G.00E+00 3.73E+02
almina 0.00E+00 0.00E+00 ©.COE+00 6.02E+01
be 0.00E+00 0.00E+00 0.00E+00 8.11E+03
b 0.00E+00 0.00E+00 Q.00E+00 0.00E+00
structure 6.68E+07 4.74E+07 1.03E+08 5.09E+06
impurities 0.00E+00 2.44E+05 0.00E+00 0.00E+00

Contact Dose (mSv/hr) @ 10 years
First  Divertor Divertor Blanket

_ Wall Plate Wall :
li2o 0.00E+00 0.00E+00 0.00E+00 2.0S5E+01
almina 0.00E+00 0.00E+00 0.00E+00 8.95E+00
be 0.00E+00 0.00E+00 0.00E+00 1.70E+03
pb 0.00E+00 0.00E+00 O.O00E+00 0.00E+00
structure 1.45E+07 1.43E+07 2.46E+07 9.76E~+{05
impurities 0.00E+00 1.58E+06 O.00E+00 0.C00E+00

Contact Dose (mSv/hr) @ 100 years
First Divertor Divertor Blanket

. Wall Plate Wall
liZeo 0.00E+00 0.00E+00 C.00E+00 5.24E-04
almina 0.00E+00 0.00E+00 C¢.00E+00 3.82E+00
- be 0.00E+00 0.00E+00 0.00E+00 . 3.74E-02
rb 0.00E+00 0.00E+00 O0.00E+00 0.00E+00
structure 1.5BE+02 1.07E+02 2.81E+02 9.05E+00-
impurities 0.00E+00 2.13E+02 0.00E+00 0.00E+00

Contact Dose (mSv/hr) @ 1000 years
First Divertor Divertor Blanket

Wall Plate Wall
liZe ~ 0.00E+00 0.00E+00 (.00E+00 5.00E-04
almina 0.00E+00 0.00E+00 0.00E+00 3.82E+00
be 0.00E+00 0.00E+00 O.00E+00 2.49E-02
b 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 4.42E+01 3.39E+00 8.52E+01 1.70E+00Q
impurities 0.00E+00 1.83E+00 0.00E+00 O

.Q0E+00

Vacuum Shield
Vessel

ChNOoO O OO

.00E+QO
.00E+Q0
.00E+CO
.00E+Q0
L24E+07
.00E+00

SN OoOOoOOo

.QO0E+00
.COE+00
.QOE+00Q
.0SE+01
.Q3IE+{6
-Q0E+00

Vacuum Shield
Vessel

OO0 o0

.00E+Q0
.0QE+00
.00E~+Q0
.Q0E+Q0
.B3E+06
.O00E+00

ORRKROOO

.00E+00
.00E+00
.00E~+Q0
.66E+Q0
.53E+06
.00E+00

Vacuum' Shield
Vessel

oOMNOoODOoO oo

.D0E+00
.O0E+00
.00E+00
.00E+00
L19E+06
.00E+00

L= - e )

.00E+00
.00E+00
.00E+00
.26E-03
.58E+05
. 00E+00

Vacuum Shield
Vessel

R OOoOOoO0O

.00E+Q0
.00E+Q0
.00E+Q0
. 00E+0Q0
.B1E+01
.00E+00

oW o oo

.Q0E+00
LO0E+00
.00E+00
.A40E-03
.49E+00
.Q0E+00

Vacuum Shield
Vessel

0.
0.00E+00
0.00E+00
0.
1
0

00E+QC

DOE+0D

.94E+00
.00E+00

CoCrHERPOOO

.Q0E+0QQ
.00E+00
.00E+00
.9%E-05
.56E-01
.00E+00
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lizo
almina
be
pb
. structure
impurities

Life Cycle
li2o
almina
be

b
structure

li2o
almina
be
Pb
structure
impurities

mo
al
nb
ag
others

li2o
almina
be
rk
structure
impurities

e —

Specific Activity w/o

Contact Dose (mSv/hr) @ 1074 years

First Divertor Divertor Blanket
wWall Plate Wall

0.00E+00 0.00E+00 O0.CO0E+00 4.95E-04
0.COE+00 0.00E+00 Q.00E+00 3.79E+0Q0
0.00E+00 0.00E+00 0.00E+00 2.44E-02
0.00E+00 0.00E+00 0.QQE+00 0.00E+Q0
2.88E+01 3.36E+00 5.51E+01 1.138+00
0.00E+Q0 1.97E-01 0.00E+00 O.00E+0Q0

Waste Volume (m™3) o
First Divertor Divertor Blanket

wall - Plate Wall

C.00E+00 0.00E+C0 0.00E+00 4.04E+02
0.00E+00 0.00E+D0 0.00E+00 3.81E+01
0.00E+00 0.0CE+00 0.00E+00 1.39E+02
0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.08E+02 2.77E+01 6.50E+01 2.12E+02

Deep Disposal Index
5.03E+04

A9, Variant EA(],J‘ZQ/LQQ Pesign !!3)

Waste Dispasal Rating' 

First Divertor Divertor Blanket

Wall Plate Wall

0.00E+00 0.00E+00 0.00E+00 4.60E-02
0.00E+00 0.00E+00 0.00E+00 1.75E+00
0.00E+00 0.00E+00 0.00E+00 4.10E-02
0.00E+00 0.00E+0Q00 O0.00E+00 0.00E+0QQ
3.09E+02 B.07E-01 4.22E+02 3.47E+01
0.00E+00 3.98E+00 0.00E+00 0.00E+00

Structure Waste Disposal Rating

First Divertor Divertor Blanket
Wall Plate Wall

2.10E+02 0.00E+00 3.18E+02 2.20E+01
1.73E~-01 5.98E-01 2.83E-01 4.61E-03
4.18E+01 0.00E+00 6.48E+01 5.238E+00
0.00E+00 3.82E+00 0.00E+00 0.00E+00
5.71E+01 3.70E~-01 3.8BE+01 7.41E+00

First Divertor Divertor Blanket

Wall Plate Wall

0.00E+Q0 0.00E+Q0 0.00E+00 3.02E+Q5
0.00E+0Q0 0.Q0E+00 0.00E+00 3.43E+D5
$.00E+00 0.00E+00 0.00E+00 1.64E+06
0.00E+00 0.00E+D0 0.00E+0C 0.00E+00
8.73E+07 1.4BE+08 7.79E+07 3.07E+06
0.00E+00 1.39E+05 0.00E+00 0.00E+00

B T TR TR

1

Vacuum

Vessel

.00E+Q0
.00E~+Q0
.00E+00
.0CE+Q0
.30E+Q0
.Q0E+00

O+ oo oo

Lo B ol o e i Y

shield

.Q0E+00
.00E+00
.00E+00
.86E-06
.05E=-01
.0O0E+00

Vacuum Shield

Vessel
0.00E+00
0.00E+00
0.00E+0Q
0.00E+00Q
8.23B+01

WEOoo

.00E+00
.00E+00
.00E+00
.09E+02
.2BE+0Q2

Vacuum Shield

Vessel
. 00E+00
.DOE+Q0

.D0E+00
.64E+01
. 00E+0Q

OO0 oo

Vacuum
Vessel
4,.11E+01
4.12E-03
1.05E+01
0.00E+00
3.48E+01

Tritium (Ci/m~3} @ Shutdown

.Q0E+00:

O MO OO

.00E+00
.00E+00
.00E+0C
.26E-053
.62E+01
.0Q0E+QQ°

Shield

O W W

.53E+00
+26E-04
.45E-01
.Q0E+Q0
.17E+01

Vacuum Shield.

Vessel

0.00E+0D
0.COE+00
0. C0E+QO
C.00E+00
2.81E+06
0.C0E+00

Ok = OO0

.00E+0Q0
.00E+00
.Q0E+0Q0
L96E+00
.65E+05
.Q0E+00
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-

Specific Activity w/e Tritium (Ci/m"3} @ 1 year
First Divertor Divertor Blanket

Wall Plate Wall
1i2o 0.00B+00 0.00E+00 0.00E+00
almina C.00E+00 0.00E+00 0.00E+00
be 0.00E+00 O.00E+00 0.00E+0Q0
pb 0.00E+00 0.00E+00 0.0QO0E+0Q0
structure 2Z.59E+07 9.70E+05 2.69E+Q7
7.0BE+03 0.00E+00

impurities 0.Q00E+00

Specific Activity w/o

First Divertor Divertor Blanket
Wall Flate

li2o 0.00E+00
almina 0.00E+{0

- be 0.00E+0Q0
pb 0.00E+00
structure 2.23E+06
impurities 0,00E+00

NWo OoOO0Oo

Specific Activity w/o

First Divertor Divertor Blanket
Wall Plate

li2o ¢.00E+Q0
almina 0.00E+00
be 0.C00E+0Q
pb - 0.00E+00
structure 2.45E+04
impurities 0.00E+00

Lo JE I e Y o o

Specific Activity w/o

OO s P

L10E+D2
.45EB+00
.40E+03
.QO0E+00
.S5E+(05
.00E+00

Vacuum Shield
Vessel

.00E+00
.O00E+00
.00E+00D
.Q0E+00
.Q7TE+(QS
.O00E+00

Tritium (Ci/m~3} @ 10 years

Wall
.00E+00 9.00E+00Q
.00E+00 O.00E+00
LO0E+00 0.00E+00
.Q0E+00 0.00E+00
.79E+05 2.47E+06
.60E+02 0.00E+00

OOk )=

.84E+01
.86E~01
.82E+02
.00E+00
.78E+04
.00E+D0

Vessel

ShOoOOoOO

.00E+00
.00E+Q0
.00E+00
QOE+00
.49E+04
.QO0E+00.

Tritium (Ci/m"3)} @ 100 years

Wall
.00E+00 0.00E+00
.Q0E+00 0.00E+00
.00E+Q0 0.00E+0Q0
.00E+00 0.00E+00
.15E+04 3.89%E+04
.QDE+00Q 0.00E+00

O m o R D

.G0E+0D
.16E-01
.51E+01
.00E+00
.98E+{2
.GOE+00

Vessel

OoOwWooOoo

.00E+00
L00E+00
.QOE+0O0
.QOE+00
.29E+03
.00E+00

Tritium (Ci/m~3) @ 1000 years
First Divertor Divertor Blanket

Wall Plate Wall
liZo 0.00E+C0 0.00E+0Q0 0.00E+00
almina 0.00E+00 0.00E+00 0.00E+00
be 0.00E+00 0.00E+00 0.0CE+00
pb 0.00E+00 0.00E+00 0,.00E+00
_structure 1.01E+03 1,41E+02 1.%BE+03
impurities 0.00E+00 8.90E-02 0.00E+00

Specific Activity w/o

Wall Plate

1li2e  0.00E+00
almina 0.00E+00
be 0.00E+Q0
b 0.00E+00
structure 3.95E+02
impurities 0.00E+00

-l Do o0

=R o= N

.78E+00
.90E-01
.04E+00
.00E+00
.T9E+01
. 00E+0Q0

.00E+00
.Q0E+00
. 00E+00
.89E-Q2
.34E+04
. 0DE+QD

oo NnCoOoOoo

- Vacuum Shield

.00E+C0
.00E+00
.Q0E+Q0
.93E-04
.16E+04
.00E+00

oRPWOoOoOOo

~ Vacuum Shield

.00E+00
.00E+Q0
.00E+00
-17E-04
.57E+03
.00E+00

o RPROoOOoO

Vacuum Shield
Vessel

QP O OOO

.00E+00
.00E+00
.00E+00
.Q0E+00
.10E+02
LO0E+00

PTritium (Ci/m™3) @ 10~4 years
First Divertor Divertor Blanket

s HEE

Wall
.00E+00 0.00E+00
.00E+C0 0.0QC0E+00
.00E+00 0.00E+QQ
.QOE+00 O0.00E+00
LATE-0Z2 5.97E+02
.99E-02 0.00E+Q0

Ok OMN MW

.29E-01
.34E-01
. 65E+00
. 0OE+00
L92E+01
.Q0E+00

.00E+00
. DOE+D0
.0CE+00
.49E-06
.30E+01
. Q0E+Q0

Qw1000

Vacuum Shield
Vesgsel

OoOh OO OO

.00E+00
.00E+00
.Q0E+QQ
.00E+00
.06E+01
.QO0E+00

.00E+00
.Q0E+00
.QOE+Q0
.68BE-08
.36E+01
.D0E+0D

oMo OO
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Total Activity w/o Tritium (Ci) @ Shutdown
First Divertor Divertor Blanket

Wall Plate Wall
li2o 0.00E+00 0.00E+00 0.00E+00 6.26E+07
almina 0.00E+00 0.00E+00 0.00E+00 6.B3E+06
be 0.C0E+00 0.00E+0D O.00E+00 1.94E+08
b 0.00E+00 Q.00E+0C 0.00E+00 0.00E+0O
structure 5. 66E+(09% 4.14E+09 3.02E+09 4.34E+(8
impurities 0.00E+00 3.B8E+06 0.00E+00 0.00E+00

Total Activity w/o Tritium (Ci} @ 1 year
First Divertor Divertor Blanket
Wall = Plate Wall

1i20 . 0.0CE+00 0.00E+00 0.00E+00 2.27E+04
almina 0.0C0E+00 0.00E+00 0.00E+00 8.86E+01
be C.00E+00 0.00E+00 O0.00E+00Q 1.66E+05
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 1.68E+09 2.71E+07 1.04E+09 1.07E+08
impurities 0.00E+00 1.98E+05 0.00E+00 0

.Q0E+00

Total Activity w/o Tritium (Ci) @ 10 years
: First Divertor Diverteor Blanket
Wall Plate Wall

li2o 0.00E+00 0.00E+00 0.00E+00 3.81E+03
almina 0.00E+00 0.00E+00 0.00E+00 1.56E+01
be 0.00E+00 0.00E+00 0.00E+00 2.16E+04
pb 0.00E+00 0.00E+Q0 0.00E+00 0.00E+00
structure 1.44E+08 1.06E+07 9.57E+07 9.58E+06
impurities 0.00E+00 7.26E+03 0.J00E+00 0.00E+00

Total Activity w/o Tritium {Ci) @ 100 years
‘First Divertor Divertor Blanket .
Wall .Plate Wall

1i20 0.00E+00 0.00E+00 C.OO0E+00 1.99E+03
almina 0.00E+00 0.00E+00 O.Q00E+00 8,29E+00
be 0.00E+00 0.00E+00 0.00E+0Q0 1.80E+03
rb - 0.00E+00 0.00E+00 0.00E+0C 0.00E+00
structure 1.59E+06 2.00E+06 1.51E+06 1.27E+05
impurities 0.00E+00 0.Q0E+00 0.0CE+0C 0.00E+0O0

Total Activity w/o Tritium (Ci) @ 1000 years
First  Divertor Divertor Blanket
Wall Plate  Wall

li2o 0.00E+00 0.0Q0E+00 0.00E+00 3.68E+02
almina 0.00E+00 Q.00E+00 0.00E+00 7.76E+00
be D.00E+00 0.00E+00 O.00E+00 8.37E+02
51e) 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 6.55E+04 3.93E+03 6.14E+04 &.78E+03
impurities 0.00E+00 2.4BE+00 0.00E+0Q 0.00E+(00

ul
|
1
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Vacuum Shield

- Vessel
0.00E+Q0 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 2.08E+02
2.24E+08 4.47E+08
0.00E+00 0.00E+00

Vacuum Shield

Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 7.33E+00
4.84E+07 8.00E+07
0.00E+00 0.00E+00

Vacuum Shield

Vesgel _

0.00E+00 0.00E+00
0.00E+00 0.00E+00D
0.00E+00 0.00E+00
0.00E+00 4.25E-02
5.17E+06 1.11E+(07
0.00E+00 0.00E+00

Vacuum Shield

Vessel

0.00E+00 0.00E+00
¢.00E+00 0.00E+00
0.00E+00 0.00E+QO
0.00E+00 1.25E-02
2.63E+05 1.51E+06
C.00E+00 0.00E+Q0

Vacuum Shield

Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 7.98E-04
8.74E+03 3.16E+04
0.00E+00 0.00E+00




o e

Total Activity w/o Tritium {Ci} € 1074 years

First Divertor Divertor Blanket
Wall Plate Wall
liZo 0.00E+00 0.00E+00 0.00E+00 6.8B1lE+01
almina 0.00E+00 Q.00E+00 0.0Q0E+00 4.66E+00
be ~{0.00E+00 0.00E+00 D.OOE+00 3.15E+02
pb 0.00E+Q0 0.00E+0Q 0.0QCE+00 0.00E~+00
structure 2.56E+04 2,09E+00 2.32E+04 Z2.71E~+03
impurities 0.00E+00 2.23E+0C 0.00E+00 0.00E+Q0

Contact Dose (mSv/hr) € Shutdown

First Divertor Divertor Blanket
Wall Plate Wall . -
liZo 0.00E+Q0 (0.00E+00 0.00E+0D 9.54E+06
almina 0,00E+00 0,.00E+00 0.00E+00 1.39E+07
be 0.00E+00 0.00E+00 0.00E+00 3.87E+05
pb 0.00E+Q00 0.Q00E+00 0.00E+00 0.00E+00
structure 8.21E+08 1.08E+09 6.75E+08 3.8ZE+07

impurities 0.00E+C0 3.29E+08 0.00E+00 0

Contact Dose {(mSv/hr) @ 1 vyear

First Divertoxr Divertor Blanket
Wall Plate Wall
li2o 0.00E+00 0,.00E+00 Q.00E+00 4.33E+02
almina 0.00E+0Q0 0.00E+00 Q.00E+00 1.35E+02
be 0.00E+C0 0.Q0E+00 0.00E+00 1.61E+04
ph 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 4.7BE+07 2.76E+07 4.89E+07 2.15E+06
impurities 0.0CE+C00 1,97E+0% (0.00E+00 0.00E+0Q0

Contact bose (mSv/hr) @ 10 years

First Divertor Divertor Blanket
- Wall Plate Wall _
li2o 0.00E+00 0.00E+00 Q.00E+00 2.B8lE+01
almina 0.00E+00 0.00E+00 0.00E+00 1.B1E+01
be 0.00E+0D 0.C0E+00 0.00E+00 3.8B1E+03
rb O.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 5.B9E+06 B.40E+06 7.52E+06 3.,36E+05
impurities 0.00E+00 %.96E+06 0.00E+00 0.0CE+00D

Contact Dose {mSv/hr) @ 100 years

First Divertor Divertor Blanket
Wall Plate Wall
li2o 0.00E+00 0.00E+00 0.00E+00 8.89E-04
almina 0.00E+00 0.00E+00 0.00E+00 6.35E+00
be 0.00E+00 0.00E+00 0.0Q00E+00 8.04E-02
b 0.00E+00 0.00E+00 0.00E+00 0.0QE+Q0
structure 7.60E+02 6.27E+01 7.98E+02 8.57E+01
impurities 0.00E+00 1.34E+02 0_00E+00 0.00E+00

. 00E+00
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Vacuum Shield

Vessel

0.00E+00 0.00E+00
¢.00E+00 0.00E+00
0.C0E+Q0 0.00E+00
¢.C0E+0C 7.11E-04"
4,83E+03 2.27E+04
0.00E+00 0.0DE+00

' Vacuum Shield

Vessgel : _
0.0CE+00 0.00E+00
0.00E+0Q0 0.0QE+00
0.00E+00 0.0QE+Q0Q
0.00E+00 2.09E+01
3.30E+07 6.22E+06
0.00E+00 0.00E+00

Vacuum Shield

Vessel

0.00E+00 0.0CE+QOQ
0.00E+00 0.00QE+00
0.00E+00 0.00E+00
0.00E+00 2.63E+00
2.32E+06 3.23E+05
0.00E+00 0.Q0E+0Q0

Vacuum Shield

Vessel

0.002+00 D.00E+CO
0.00E+0Q0 0.00E+0Q
0.00E+00 0.00E+00Q
0.00E+00 4.35E-03
4.76E+05 7.84E+04
0.00E+(0 0.00E+00D

Vacuum Shield

Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 2.45E-03
3.03E+02 1.11E+02
0.00E+00 0.00E+QOQ




liZo
almina
be
ph
structure
impurities

Contact Dose {(mSv/hr) 8 1000 years

First  Divertor Divertor Blanket
Wall Plate Wall

li2e 0.00E+00 0Q0.00E+Q0 0.00E+00 B.45E-04
dlmina Q.0Q0E+00 0.00E+00 0.00E+00 6.35E+00
be D.00E+00 0.00E+00 0.00E+00 5.23E-02
rb Q.00E+00 ©.00E+0C 0.00E+00 0.CO0E+00
structure 2.69E+02 1.99E+00 3.91E+02 3,25E+01
impurities 0.00E+00 1.05E+00 0.00E+00 0.CQ0E+0C0

Contact Dose (mSv/hr) @ 1074 vears

First Divertor Divertor Blanket
Wall Plate Wall

liZo 0.00E+00 0.00E+00 0.00E+00 8.38E-04
almina 0.00E+00 0.00E+00 0.00E+00 &.29E+00
be ¢.00E+00 0.00E+00 0.00E+00 5.12E-02
b 0.00E+00 0.00E+00 0.00E+00 {.00E+00
structure 1.71E+02 1.97E+00 2.63E+02 1.80E+01
impurities 0.Q0E+00 5.01E-02 0.00E+00 0.{00E+00
Life Cycle Waste Volume {m"3)
First Divertor Divertor Blanket
Wall Plate Wall
liZo 0.00E+00 0.00E+00 0.00E+00 2.07E+02
almina 0.00E+00 0.00E+00 0.0QE+0Q0 1.99E+Q1
be 0.00E+00 0.00E+00 0.QO0E+00 1.19E+02
pb 0.00E+00 0.Q0E+00 0.00E+00 0.00E+Q0
structure 6.48E+01 2.79E+01 3.88E+01 1.41E+02
Deep Disposal Index
7.70E+04
A.10 Variant VA64/Li 20/H20 Design - (V4)

Waste Disposal Rating :
First . Divertor Divertor Blanke
Wall Plate Wall

0.00E+00 0.00E+0C 0.00E+0Q 2.97E-02
0.00E+00 Q.0CE+0C O.0CE+00 1.31E+00
0.CO0E+00 0.0CE+00 0.00E+Q0 1.81E-02
0.C0E+00 0.00E+00 0.00E+0Q0 0.00E+00
1.04E+03 1.71E+00 1.58E+03 1.07E+02
0.00E+00 6.46E+00 0.00E+00 0.00E+00

B e T T T

Vacuum Shield
Vessel

Vacuum Shield
Vessel

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 2.12E-06
3.41E+01 3.05E+00
0.00E+00 0.00E+00

Vacuum Shield
Vessel

0.00E+C0 0.00E+00
0.Q00E+00 0.00QE+Q0
0.00E+00 0.00E+00
0.00E+00 1,.06E+02
7.897E+01 9.60E+02

Vacuum Shield
Vessel

¢.00E+00 0.00E+0Q
0.00E+00 0.00E+00
0.00E+00 0, Q0E+00
{0.00E+00 6.69E-05
5.54E+02 5,.29E+01
0.00E+00 0.00E+DO

0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00Q
0.00E+00 2.02E-0S
6.49E+01 1.03E+01
C.00E+00 0.00E+0Q0
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Structure Waste Disposal Rating

First

Wall
mo 7.28E+01
nb 9.73E+02
al C.00E+00
ag 0.00E+00
cu Q0.00E+0Q
others 0.00E+00

Wws o,k OO

Specific Activity w/o

First
Wall
liZo 0.00E+00D
almina 0.00E+00
be 0.00E+00
pb 0.00E+00
structure 1.69E+(08
impurities 0.00E+00

RN DO OO

Specific Activity w/o

First

Wall
1li2a  0.00E+00
"almina 0.00E+00
be 0.00E+00
pb 0.00E+C0

structure 2.

impurities 0.

T9E+07
Q0E+0Q

Specific Activity w/o

First
Wall
li2o G.00E+Q0
almina ¢.00E+00Q
be 0. 00E+Q0
: pb ¢.00E+Q0
structure 1.96E+06
impurities ¢.00E+00

Specific Activity w/o

Wall

OCOOoOOo

.09E+02
.48E+(Q3
.00E+Q0
.00E+0Q0
.00E+00
.00E+00

O oo O WU

Divertor Divertor Blanket
Plate

.00E+00
.00E+00
.2BE+00
.14E+00
.48E-01
.28E-01

.68E+00
Q1E+02
.00E+00
L00E+Q0
.Q0E+DO
.00E+00

Vacuum
Vessel

OO oM

.75E+0Q1
.26E+Q2
.00E+00
LO0E+QD
. QOE+00
.16E-01

Tritium {(Ci/m"3) @ Shutdown
Vacuum Shield
Vessel

oOrRr OO0

Wall

.00E+00
.Q0E+Q0
.00E+00
.00E+00 -
.46E+08B
.00E+00

QWO

Divertor Divertor Blanket
Plate

.00E+00
.COE+00
.GO0E+00
.C0E+00
.17E+08
.05E+05

.63E+(JS
.B3E+Q5
.42E+06
.00E+Q0
.93E+06
. 00E+00

oO~NIoo o0

Tritium {Ci/m"3} @ 1 vear
Vacuum Shield
Vessel

Tritium (Ci/m~3) € 10 years
Divertor Divertor Blanket

Plate = Wall
0.00E+00 0.00E+00
0.C0E+00 0.00E+00
0.00E+00 0.00B+00
0.00E+00 0.00E+00
2.02E+06 3.31BE+07
8.15E+03 0.00E+0Q

Plate wall
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+0Q0
7.89E+05 2.54E+06
4.54E+02 0.00E+00

OOk W

O WM oL W e

Divertor CDivertor Blanket

LATE+02
.51E+00
.20E+03
.00E+00
.84E+05
.00E+00

LB4E+01
.B4E-01
L82E+01
.Q0E+Q0
.S6E+04
.Q0E+Q0D

QOWmo O oo

.Q0E+00
.Q0E+Q0
.00E+00
.00E+Q0
.99E+06
.00E+00

.00E+00
.00E+0Q0
.00E+Q0
.00B+00
.46E+05
.00E+0Q0

Shield

.02E+01
.00E+0Q0
.Q0E+00
.00E+00
.96E-01

- O OOo W\

.00E+00
.COE+00
.00E+00
-99E+0Q
.60E+06
.C0E+00

B =2 ol el o i B ]

.00E+00

.Q0E+00
.68E-02
.O8E+05
.Q0E+00

oF ~Alo0o0

Vacuum Shield
Vessel

OwWwo oo

.00E+00
.Q0E+00
.Q0E+00
.00E+00
.37E+04
.00E+00

Tritium (Ci/m"3) @ 100 years

OO 00

.00E+00
.00E+00
.Q0E~+00
.07E-04
.15E+04

.52E+00

.00E+00

.00E+Q0 -
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First Divertor Divertor Blanket Vacuum Shield
Wall Plate Wall Vessel
1i2e 0.00E+00 0.00E+00 0O.00E+00 7.31E+00 0.00E+00 0.00E+00
almina 0.00E+00 0.00E+00C 0.00E+00 2.90E-01 0.Q00E+00 0.00E+00
be Q0.00E+00 0.0CE+00 0.00E+00 4.74E+00 0.00E+00 0.00E+00
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+{(0 1.25E-04
_structure 1,93E+03 1.51E+(5 3.04E+03 1.04E+02 6.01E+02 1.16E+02
impurities 0.00E+00 0,00E+0Q0 0.00E+00 0.00E+C0 0.0QE+00 0.00E+C0
r___m__m__“_ﬁmpmﬂ““f"“mu__”_d_.Tm_ R g e e




Specific Activity w/o Tritium {Ci/m"~3} @ 1000 years
Vacuum Shield
Vessel

First Divertor Divertor Blanket
Wall Plate Wall

liZo 0.00E+00 0.00E+C0 0.CQE+0C 1.31E+00
almina 0.00E+00 0.00E+00. 0.00E+00 2.72E-01
be - 0.00E+00 0.0CE+00 0.00E+00 2Z.10E+00
pb - 0.00E+00 0.00E+00 0.00E+00 0.00E+0D
structure 9.29E+02 2.97E+02 1.45E+03 5.058E+01
impurities 0.00E+00 1.13E-01 0.00E+00 0.CO0E+00

OoOWoOoo0

.00E+Q0
.00E+Q0
.Q0E+00D
.00E+00
.46E+02
.00E+Q0

Specific Activity w/c Tritium (Ci/m*3) € 10°4 years .
Vacuum Shield
Vessel

First Pivertor Divertor Blanket
Wall Plate Wall

li2o 0.00E+00 0.00E+00 0.00E+00.-2,33E-D1
almina 0.00E+00 0.C0E+0C 0.00E+00 1.68E-01I

be 0.00E+00 0.00E+00C 0.00E+00 7.B7E-D1

pb - 0.00E+00 0.00E+00 0.00E+00 0.00E+0Q0
structure 3.32E+02 1.71E-01 5.14E+02 2.30E+01
impurities 0.00E+00 1.61E-01 0.00E+00 0.00E+00

Total Activity w/o Tritium {(Ci) @ Shutdown .
First Divertor Divertor Blanket

Wall Plate Wall .

1iZo 0.00E+00 0.00E+00 0.00E+00 2.9B8E+08
“almina 0.00E+00 0.C00E+00 0.00E+00 2,81E+07
be 0.00E+00 0.00E+00 O.00E+00 3.5S%E+08

pb 0.Q0E+0C0 (¢.C00E+00 0.00E+00 €.00E+00C
structure 5.95E+09 3.70E+09% 8.74E+09 1.38E+09
impurities 0.00E+00 3.49E+06 {.00E+00 0.00E+00

Total Activity w/o Tritium (Ci} @ 1 year
First Divertor Divertor Blanket

Wall Plate Wall
li2o C.00E+0C O0.00E+0C 0.00E+00 6.59E+04
almina 0.00E+00 0.00E+00 O0.00E+00 1.44E+02
be C.COE+00 O.00E+0C 0.00E+00 1.76E+05
pb O,00E+00 0,00E+00 D.Q0E+00 0.00E+00
structure 9.83E+08 3.43E+07 1.99E+09 1.B2E+(8
impurities C.D0E+00 1.39E+0S 0.00E+00 0.00E+GCO

Total Activity w/o Tritium {Ci) @ 10 years
First Divertor Divertor BRlanket

Wall Plate Wall
li2o 0.0CE+C0 0.00E+0C 0.00E+00 7.40E+03
almina 0.00E+00 0.00E+00 0.00E+00 2.40E+01
be 0.00E+C0 0.00E+00C 0.00E+CO 1.44E+04
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure €.90E+07 1.34E+07 1.S52E+08 1.23E+(7
impurities (.CQE+00 7.72E+03 0.0Q0E+00 0.0CE+Q0

SR OOOO

.00E+00
.Q0E+0Q
.Q0E+00
.00E+Q0
.53E+02
.D0E+QO

OO O

OO OO

LQ0E+00
.00E+00
.Q00E+00
.50E-06
.92E+01
.00E+00

.0DE+00
.00E+00
.COE+DO
.63E-06
.70E+01
.COE+00

Vacuum Shield
Vessel

OWwoOOo DD

.00E+00
.00E+0D
.D0E+00
.00E+00
L2T7E+Q7
00E+00

[ BES  = a -]

.COE+00
.O0E+0DC
.00E+00
L02E+02
.71E+Q08
.00E+00

Vacuum Sbield
Vessgel

oW o o oo

.QOE+00Q
.00E+00
.00E+00
.00E+00
.B2E+06
L O00E+00

SO WwWwo oo

.00E+00"
.D0E+QD:
LOO0E+00
.94E+00
L20E+07
.00E+00

Vacuum Shield

OWoOOoOoo

" Vessel

.00E+00
.00E+00
.00E+00
LOOE+QO0
.TOE+05
.00E+00

0
0
0
2
3
0

.DOE+0D
.Q0E+00
.D0E+00
.Q9E-02

.56E+06
.00E+00




Total Activity w/o Tritium (Ci) @ 100 vears
First Divertor Divertor Rlanket
Wall Plate wall

liZo 0.00E+0C 0.00E+00 C.Q0E+00 3.Z29E+03
almina . 0.00E+0C¢ 0.00E+0Q C.00E+00 1.19E+01

be 0.00E+00 0.00E+00 0.00E+00 6.95E+02
~pb - 0.00E+00 0.00E+00 (.00E+00 0.00E+00
structure 6.7%E+04 2.56E+06 1.82E+05 2.43E+04
0.00E+00 0.00E+00 0.00E+00

impurities 0.00E+00

Total Activity w/o Tritium {Ci) @ 1000 years
First Divertor Divertor Blanket
Wall Flate Wall

li2o 0.00E+00 0.00E+00 0.Q0E+00 5.91E+02
almina 0.00E+00 0.00E+00 0.00E+00 1.12E+01
be 0.00E+00 0.00E+00 O.00E+00 3.0BE+02
pb 0.0CE+00 O0.00E+00 0.00E+00Q ©O.00E+00C
structure 3.27E+04 5.04E+03 8§.70E+04 1,17E+04
impurities Q0.Q0E+00 1.92E+00 0 0.00E+0C

.00E+CO

Total Activity w/o Tritium (Ci) @ 10%4 years
First Divertor Divertor Blanket
Wall Plate Wall

li2o° 0.Q0E+00 0.DO0E+00 0.00E+00 1.05E+02
almina 0.00E+00 0.00E+00 0.00E+00 6.92E+00

be 0.00E+00 0.00E+00 0.00E+00 1.15E+02

pb . 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 1.17E+04 2.91E+00 3.09E+04 5.34E+03
impurities 0.00E+00 2.73E+00 0.00E+00 0.00E+00

Contact Dose (mSv/hr} @ Shutdown
First Divertor Divertor Blanket:
Wall Flate Wall '

1li2o 0.00E+00 0.00E+00 0.0QE+00 2,16E+07

almina 0.00E+00 0.00E+00 0.00E+00 2.B86E+07

be 0.00E+00 0.00E+00 0.00E+00 5.27E+05

"pb 0.00E+00 0.Q0E+00 0.0CE+0C 0.00E+00

structure 2.64E+09 1.B4E+09 2.06E+09 1.03E+08
impurities 0.0Q0E+00 1.74E+06 0.00E+00 O

.O0E+00

Contact Dase {msﬁlhr} @ 1 year
First Divertor Divertor Blanket

Wall Plate Wall
li2o 0.00E+00 0.00E+00 0.00E+00 6.70E+02
almina 0.00E+00 0.00E+00 0.00E+00 1.09E+02
be 0.00E+00 0.00E+00 0.00E+00C 1.02E+04
b 0.00E+00 0.00E+00 0.0CE+0C CO.0QO0E+00
structure 1.10E+08 5.71E+07 1.09E+08 3.59E+06
impurities 0.00E+00 1.98E+05 0.00E+00 0.00E+00

Vacuum Shield

Vessel

0.00E+0QC C.0CE+00
0.00E+00 0.0QO0E+00
0.00E+00 0.00E+0D
0.00E+00 6.42E-03
6.97E+03 5.62E+04
0.00E+00 0.00E+00

Vacuum S$hield

Vessel o
0.00E+00 0.0Q0E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+0Q0
0.00E+00 3.85E-04
4.01E+03 3.34E+04
0.00E+00 0.00E+00

VYacuum Shield

Vessel

0.00E+00 O.00E+QO0
0.00E+0Q0 ©.00E+0QC
0.00E+00 0.00E+0Q0
0.00E+00 3.41E-04
1.77E+03 1.30E+04
0.00E+00 0.00E+00

Vacuum Shield

Vessel

C.00E+00 0.00E+0O0
0.0C0E+00 D.00E+00
0.00E+00 0.00E+00
0.00E+00 2.31E+01
1.54E+08 3.29E+07
Q.00E+00 0.QCE+DO

Vacuum  Shield

Vessel . :

0.00E+00 0.00E+00
0.00E+00 0.00E+Q0
0.00E+00 0.00E+00
0.00E+OO 2.99E+00
3.57E+06 4.4BE+05
0.00E+0Q0 0.00E+00
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Contact Dose {mSv/hr) @ 10 years
First Divertor Divertor Blanket
Wall Plate Wall

lizo 0.00E+00 0.00E+00 0.0Q00E+00 3.04E+01
almina 0.00E+00 0.00E+00 0.00E+00 1.43E+01
be - 0.00E+Q0 0.00E+00 Q.Q0E+00 1.72E+03
pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 1.67E+06 1.73E+07 2.29E+06 1.05E+05
impurities 0.00E+00 &.00E+02 0.00E+00 0.00E+00

Contact Dose (mSv/hr) € .100 years
' First Divertor Divertor Blanket
Wall Plate Wall

li2c  0.00E+00 0.00E+00 0.00E+00 6.83E-04.
almina 0.00E+00 C.00E+00 0.0Q0E+00 4.73E+(0

be 0.00E+00 0.00E+00 0.0CE+00 4.37E-02

pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
structure 4.30E+03 1.30E+02 6.53E+03 4.47E+02
impurities 0.00E+00 2.16E+02 0,00E+00 0.00E+Q0

Contact Dose {(mSv/hr) @ 1000 vyears
First Divertor Divertor Blanket'
Wall Plate wall B

.47E-04

lizo 0.00E+00 0.00E+00 0.00E+00 6
almina 0.00E+00 0.CO0E+00 0.0D0E+00 4.7%E+00
be 0.00E+00 0.00E+00 0.00E+00 3.10E-02
pb 0.00E+0CG 0.00E+00 0.00E+00 0.00E+00
structure 4.14E+03 4.22E+00 6.29E+03 4.31E+D2
impurities 0.00E+00 1.77E+Q0 0.00E+00 0.00E+00

Contact Dose (mSv/hr) @ 1044 years
First Divertor Divertor Blanket

Wall Plate wall
1i2o0 0.00E+00 0.00E+00 0.00E+00 6.41E-04
almina 0.00E+00 C.QQE+QQ 0.00E+00 4.75E+00
be 0.00E+00 ¢.COE+0Q 0,00E+00 3.03E-02
b Q.00E+00 O0.0QE+00 0.00E+00 0.00E+00
structure 3.04E+03 4.18E+00-4.62E+403 3.17E~+02
impurities 0.00E+00 1.40E-01 0.00E+00 0.00E+00

Life Cycle Waste Volume (m™3) _ o
First  Divertoxr Divertor Blanket

Wall  Plate Wall
li2o 0.00E+00 {.00E+00 0.00E+00 4.50E+02
almina 0.00E+00 0.00E+00 0.00E+00 4.11E+01
be 0.00E+00 0.00E+00 0.00E+00 .1.47E+02
rb 0.00E+00 0.00E+00 0.00E+00 0.00E+GCQ
structure 3.52E+01 1.70E+01 6.01E+01 2.33E+02

Deep Disposal Index
" 2.55E+05

vacuum Shield

Vaessel

0.00E+00 Q0.00E+0Q
0.00E+00 0.008+00
0.Q00E+00 0.00E+00
0.00E+D0Q 4.74E-03
5.12E+05 8.75E+04
0.00E+00 0.00E+00

Vacuum Shield

Vessel

0.00B+00 0.00E+00
0.00BE+00 C.00E+0QD
0.00E+00 Q.00E+00
0.00E+00 2.67E-03
2.33E+03 2.24E+02
0.00E+00 0.00E+00Q

Vacuum. Shield

Vessel

0.00E+00 0.00E+00Q
0.00E+Q0 0.00E+00
0.00E+00 0.00E+0D
0.00E+00 2.18E-05
2.25E+03 2. 15E+02
C.00E+00 O.0QE+00

Vacuum Shield

Vessel

C.00E+00 0.00E+00
0.00E+00 0.00E+0D
0.G0E+00 D.0QE+00
0.00E+00 2.12E-06
1.66E+03 1.58E+02
0.00E+00 0.00E+00

Vacuum Shield

Vessel

¢.00E+QQ 0.00E+0O
C.00E+00 0.00E+00
0.00E+00 0.00E+Q0
0.00E+00 5.14E+01
1.16E+01 4.83E+02
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" APPENDIX B .

PARAMETER FITTING DATA

The following data in this appendix is the results of the parameter fitting
for each componelit in the deSigns that were analyzed. The results are organized

by design with the results for each component in that design listed.

The reported results for each component include the fitﬁng parameters a
and b and the maximum difference between the calculated value and the actual

value for any sirigle data point in that set and the number of data points or cases

that were in the data set. _
For example, the results for the contact dose at 1000 years after shutdown

for the divertor plate in the FeS/Li,0/H,O design (R1} is

CD(mSv /hr)@1000years = -3.2766E-16 x ¢ (n/cm>sec) + 1.3750E+22 x pt(n/cm?).

The maximum error for this fit was 3.05% and there were 7 data points used to

j generate the fit.
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. 11 . 1]
S a b . Max. Erroxr{%)
WDR 1.3858E-18 8.0593E-24 3.4498E+01
Specific Actvity w/o Tritium (Ci/m*3) _
Shutdown 1.7601E-07 2.9120E-16 4.8134E+00 -
1l year 4.2106E-08B 2.2675E-16 8.9677E+00
10 years 3.8029E-09 2.2294E-17 9.3472E+0Q0
100 years 2.2657E-14 2.9841E-~21 4.1686E+00
1000 years 2.3305E-16 2.8133E-22 3.8816E+01
1074 years 1.1756E-16 2.4396E-22 4.6638E+01
Contact Dose Rate (mSv/hr) .
‘Shutdown 1.3428E-06 6.6577E-16 '1.83B0B+01
1 vear 4,9347E-08 1.0001E-16 1.3385E+01.
10 vears ~-7.8884E-12 1.8796E-18 1.7193E+02
100 years -2.9664E-16 2.9335E-23 4.1045E+01
1000 years 8.0682E-17 -1.4277E-23 ©5.B8BOBE+00
10+4 years 6.0848BE-17 1.2845E-23 4.6954E+00
Divertor Plate
a b Max. Error(%)
WDR -1.7730E-15 2.0706E-22 1.7251E+01
Specific Actvity w/o Tritium (Ci/m*3)
Shutdown 6.4536E-07 6.4575E-17 8.4957E-01 -
1 vear 1.5740E-09 3.0376E-17 1.1158E+01
10 years 4.2514E-10 1,349Q7E-17 8.2817E+00
100 years 1.9184E-11 3.1704E-18 3.1699E+0D
1000 years 3.7698E-14 6.2430E-21 3.1951E+00
1074 years -1.7675E-17 7.3823E-24 5.2149E+00
Contact Dose Rate {(mSv/hr}
Shutdown 4 .8950E-06 7.9632E-16 B,8409E-01
1 year - 4.5872E-08 B.3284E-16 1.,2943E+01
10 vears ~1.3851E-08 5.251BE-16 8.2352E+01
100 years 4.4129E-14 7.6422E-21 7.7827E+00
1000 years -3.2766E-16 1.3570E-22 3.0513E+00
1074 years 4.524BE-17 9.2388E-23 1.1B2BE+00

e

#Cases
B

@ 00 00 90 00 0o

OMmmm®.

#Cases
7

b BEN UN JENL N S |

EVEES OSBRI |
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| ' Blanket

a b

i . : Max. Error(s} #Cases
i WDR 1.3779E-15 -4.0670E-24 9.1714E+01 7
|
: Specific Actvity w/o Tricium (Ci/m"3) - .
Shutdown 9.9561E~08 3.7350E-17 3.8899E+00 7
1 year 2.0004E-08 &5.9BB7E-17 4.43975E+00 7
10 vears 1.6622E-09 6.2182E-18 6.3881E+00 7
100 vears 3.7578BE-13 -1.3906E-21 1.7540E+02 7
1000 years 1.9381g-14 -1 _3680E~-24 7.9237E+01 7
104 years 1.3386E-14 2.0393E-23 9.8927E+01 7
Contact Dose Rate (mSv/hr)
Shutdown 1;2103E—06 -2.2434E-15 - 3.7779E+01 7
‘ : 1l year 4_0163E-08 -4.7259E-18 2.8693E+01 7
| 10 vears 2.4624E-10 -5.93B4E-1% 1.5419E+02 7
100 years 5.3170E-15 -1.8338E-22 1.1302E+02 -7
! 1000 years 3.6217E-15 -1.3920E-23 9.6757E+02 7
! 104 years 2.9113E-15 -1.1171E-23 7.8696E+02 7
‘ .
’ Yacuum Vesgel
i ' :
i a b Max. Error{%) #Cases
f WDR -1.3267E-15 .7.5201E-24 3.1462E+02 -7
! Specific Actvity w/o Tritium (Ci/m"3)
} Shutdown 9.5655E-08 7.0320E-18 4.4772E+00 7
i 1l vear 1.9028E-08 4.0707E-18 1.4488E+01 7
10 vyears 1.6335E—09. 5.4103E-19 1.6500E+01 7
100 years -2.9579E5-13 2.8341E-21 4.3B76E+03 7
1000 years -4.8812E-14 2.6141E-22 1.5331E+02 7
1074 vears -4.4071E-14 2.2425E-22 1.7B62E+02 7
Contact Dose Rate {mSv/hr} .
Shutdown €.9047E-07 -1.6144E-16 2.2886E+01 7
1 year 3.5662E-08 -1.2534E-17 1.1470E+01 7
10 years  -5.0137E-10 1.8317E-18 6.5135E+02 7
100 vears -4.4720E-15 2.2635E-23 5.8677E+02 _7
1000 years -7.3324E-1¢ 9.1009E-24 8.6385E+03 7
10~4 years -5.9861E-16 7.0649%9E-24 6.7742E+03 7

I




Shield
a - b Max. Er:or{%}
WDR 3.1756E-17 2.6926E-24 1.383BE+00

Specific Actwvity w/o Tritium (Ci/m"3}

Shutdown 2.9355E-11 -2.4348E-21 " 4.5123E+00
1l vear 5.0973E-13 2.5013E-23 4.833BE-01
10 years 1.9926E-15 1.0485E-23 7.6088E+00
100 years 5.6409E-17 5.0692E-24 1.3070E+00C
1000 years - 4.0747E-19 3.3552E-25 1.5215E-01
104 years 4.78B%E-22 3.0071E-25 1.3713E-03
Contact Dose Rate (mSv/hr)
Shutdown 2.6476E-10 6.5040E-22 7.7840E-02
1 year 1.9183E-11 3.5271E-22 2.845S5E-01
10 years 3.2706E-15 1.7321E-22 5.4801E+Q0
100 years 1.2264E-15 1.0403E-22 1.3824E+00
1000 years 9.0207E-18 8.6200E-25 1.2337E+00
9.5420E~-26 1.5360E~03

104 years -2.0176E-22

Firgt Wall / Divertor Wall

Max. Error(%)

) a ol

WDR 4.6327E~14 -4.1097E-21 1.4036E+D1
Specific Actvity w/o Tritium (Ci/m"3)

Shutdown B_6554E-08 2.3003%E-16 8.1094E+00
1l year 2.7993E-08 1.6727E-16 8.9642E+00
10 years 2.5109E-0%9 1.6653E-17 8.2376E+00
100 years 1,2116E-13 1.7719E-20 3.993BE+00
1000 years 2.037BE~14 4.2269E-21 7.6417E+00
1074 years 8.7793E-15 9.2086E-22 1.2788E+01
Contact Do=ze Rate (mSv/hr)

Shutdown 9.291SE-07 3.B608E-16 8.6028E+00
1 year 3.7193E-08 8.7508E-17 1.9030E+01
10 years 4.4999%E-10 6.461%E-18 7.0797E+00
100 years  1.4962E-13 1.3985E-20 1.3752E+01
1000 years 1.4194E-13 1.34S53E-20 1.384BE+01
10~4 years 1.0435E-13 9.8660E-21 1.3B70E+0D1

e Tl LT AR

#Cases
6

A Rh O

MO Gy O h

#Cases
- B

Q) 0000 0w
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Max.

Max. Error{(%) #Cases

8
1
8
1.
1
6

HB ao e

.2380E-01
L1067E+01
.0241E+00
8778E+00
.B031E+00
L1749E+00

.5158E+01
.2949E+01
.0427E+01
.6464E+00
.5291E+00
.6893E+00

5.5316E~-21 8.5429E+00

OO W W

3.4059E+00
7.5458E+00
8.2444E+00
2.
7
8

2017E+00

.3972E+00
.7652E+00

.B776E+Q0
.4278E+01
.0354E+00
.5206E+00
.S5417E+00
.5444E~+00

Riverior Plate
a b
WDR -1.3874E-15 1.367%E-22 1.5389E+Q1
. Bpecific Actvity w/o Tritium (Ci/m"™3)
Shutdown 4.2521E-07 4.3516E-17
1 vear 1,1008BE-09 2.1658E~17
10 years 2.9289E-10 9,5760E-18
100 years 1.0435E-11 2.2711E-18
1000 years 2,0506E-14 4.4723E-21
104 years -2.0623E-17 5.6640E-2¢
Contact Dose Rate {(mSv/hr)
Shutdown 3.5243E~06 5.9008E-16
1 year 3.2255E-08 5.9272E-16
10 years -2.9741E~-09 3.1031E-16
100 years 4.0569E~-14 4.9002E-21
1000 years -3.9734E-16 9.9073E-23
104 years -1.3910E-16 7.1542E-23
Blanket
a b

WDR -1.6569E-13

Specific Actvity w/o Tritium {(Ci/m"3)
Shutdown 3.2939E-08 4.0289E-17
1 vear 1.0185E-08 3.6294E-17
10 years 8.9154E-10 3.8916E-18
100 years -7.3250E-14 8.9425E-21
100¢ vyears -7.1000E-14 2.6655E-21
10”4 years -3.0168E-14 9.8700E-22
Contact Dose Rate (mSv/hr) _
Shutdown 3.6423E-07 -1.1522E-16
1 vear 1.9693E-08 5.8129E-1%9
10 years 3.6304E-10 3.7739E-18
100 years -~5.8079E-13 1.9555E-20
1000 vears -5.6527E-13 1.8918E-20
104 vyears -4.1554E-13 1.3905E-20

-

Error (%}

#Caées

7

NS IR JRK IS I

B N

7

ol )

NG I R R R I
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Vacuunm Vessel
a b Max. Error{%)} #Cases

WDR 1.5001E-12 2.0298E-21 6.4964E+01 7
Specific Actvity w/¢ Tritium {Ci/m"3)
Shutdown 3.3423E-08 5.0111E-18 4.6579E+00 7
1 year . 'B.6305E-09 2.4438E-18 1.7097E+01 7.
10 years 9.1128E-10 3.2195E-19 1.8933E+01 7
100 years 2.9929E-12 2.0755E-20 2.8095E+01 7
1000 years 4.7395E-13 1.1574E-21 5,2739E+01 7
1074 vears 3.1123E-13 4.4240E-~22 6.3652E+01 7
Contact Dose Rate (mSv/hr) _ _
Shutdown 4.0322E-07 -1.1990E-18 2.65%4E+01 7
1 year 1.3B8BE-08 8.7354E-18 2.0925E+01 7
10 years 3.2597E-09 2.1737E-18 3.1148E+01 7
100 years 5.1052E-12 B8.2374E-21 6.1884E+01 7
1000 years 4.927BE-12 7.9702E-21 6.2047E+01 7
1074 years 3.6239E-12 5_.8602E-21 6.2049E+01 7
Shield

.a b ‘Max. Error(%) #Cases
WDR : 3.3254E-17 2.81B4E-24 1.3850E+00 é
Specific Actvity w/o Tritium {Ci/m~3)}

" Shutdown 2.2861E-11 ~1.5674E-21 3.8574E+00 &
1 year 1.03938~12 2.6271E-23  3.4586E-01 "6
10 years 1.6794E-15 1.0183E-23 5.9032E+DD "6
100 vyears 5.8708E-17 -5.1946E-24 1.3278E+00 6
1000 years 4.2754E-19 2.6452E-25 1.9906E-01 6
104 years 1.23B0B-22 2.2B13E-25 1.3607E-03 6
Contact Dose Rate {(mSv/hr)

Shutdown 2.9354E~10 -4.75%7E-20 B8.6043E+00 6
1 year 4.13B4E-11 5.2035E-22 2.932BE-01 &
10 vears 7.0136E-15 1.8659E-22 7.4895E+00 6
100 years 1.3411E-15 1.1369E-22 1.3841E+00 6
1000 years 9.8803E-18 9.0874E-25 '1.280BE+00 6
1074 years 1.7241E-21 7.1324E-26 4.1576E-03 6

—mm—— e em — e g




. 1] . - 13
a o Max. Error(%)
WDR 9.2269E-18 1.6983E-24 6.2804E+00
Specific Actvity w/0o Tricium (Ci/m*3)°
Shutdown - 4.7934E-08 4.5131E-18 2.4714E+00
1l vear 3.4935E-10 2.2832E-18 1.3964E+02
10 years ~ 3.2071E-13 2.7303E-21 1.6596E+02
100 vyears 2.6934E-17 2.3214E-24 9.771SE+01
1000 years ~1.7889E-18 3.8734E-25 6.3467E+00
10~4 years 1.3250E-18 2.36B8E-25 6.7896E+00
Contact Dose Rate (mSv/hr)
Shutdown 1.2031E-06 -2.8565E-17 9.6298E-01
1 year 7.5344E-10 3.1889E-20 1.4405E+00
10 vears "8.5381E-16¢ 2.8070E-23 1.9263E+02
100 years 1.6068E-16 1.2498E-23 2.0509E+01
1000 vears 5.4351E-17 9.9186E-24 6.6776E+00
10~4 years 3.8331E-17 7.3249E-24 6.4088E+Q0
Divertor Plate
o a b Max. Error(%}
WDR -5.8324E-16¢ 1.2605E-22 1.8089E+01
Specific Actvity w/o Tritium (Ci/m"~3)
Shutdown 4 . 8030E-07 5.0947E-17 7.1398BE-01
1l vear 1.3665E-09 2.9265E-17 1.02795E+01
10 vears 3.8945E-10 1.2820E-17 7.4792E+00
100 vyears 1.0601E-11 3.0099E-18 1.3140E+00
1000 years 2.0B65E-14 5.9261E-21 1.3222E+00
104 vears -1.4096E-17 7.2211E-24 6.5557E+Q0
Contact Dose Rate {(mSv/hr)
Shutdown 4.6613E-06 1.1611E-15 1.3234E+01
1 vear 4.2455E-08 8.0060E-16 1.2296E+01
10 years 1.2224E-08 3.0023E-16 3.3131E+01
100 years 9,1835E-14 4.6295E-21 4.8057E+00
1000 years -4.5818E-18 1.1595E-22 1.61Q1E+00
9.4054E-23 1.4874E+00

104 years 5.903BE-18

#Cases

B

o 0o 00 80 a0 O

oo or o 00 M

#Cases
7
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Blanket
a b Max. Error(%) #Cases
WDR 1.4461E-17 2.3688E-24 1.8215E+00 7

Specific Actvity w/o Tritium {Ci/m"~3)

Shutdown 9.9732E-09 3.0769E-19 3.B6B2E-01 7
1l year 2.5477E-11 4.2082E-20 1.4276E-01 7
10 years 1.6089E-13 4.0855E-20 9.1775E-01 7
100 years 1.2637E-13 3.2533E-20 9.1128E-01 7
1000 years 1.1824E-14 3.9738E-21 6.7747E-01 7
104 years -6.6291E-1¢ 7.8735E-22 3.2254%-01 7
Contact Dose Rate (mSv/hr) .
Shutdown *§.5503E<08 -7.4563E-19 . 1.3311E-01 7
1l year 1.8824E-12 -5.6015E-21 1.0357E+03 7
10 years 3.2254E-15 2.2031E-22 3.3045E+00 7
100 years 5.0302E-16 3.35B0E-23 1.9419E+01 7.
1000 years -3.3263E-18 1.1931E-24 1.1062E+00 7
1074 years -3.3348E-18 1.1932E-24  1.1069E+00 7
Vacuum Vessel

a b Max. Error(%) #Cases
WDR -1.3099E-15 1.0570E-23  5.9190E+01 7
Specific Actvity w/o Tritium {Ci/m"*3) :
Shutdown 1.2996E-07 -1.6673E-17 4.3517E+00 7
1 year 9.0079E-0% -1.5691E-19 1.4163E+01 7
10 years 6.3784E-10 2.9389E-19 1.4866E+01 7
100 years 5.2693E-14 2.8111E-21 4.785BE+00 7
1000 years -6.3690E-14 3.4367E-22 - 1.5884E+02 7
1074 vyears -6.2461E-14 3.0779E-22 2.2407E+02 7
Contact Dose Rate (mSv/hr)

" Shutdown 1.0136E-06 -6.9352E-16 9.2241E+00" . -7
1 year 3.6440E-08 -3.1372E-17 2.1274E+01 7
10 years ~-9,2235E-10 3.2024E-18B 2.5557E+03 7
100 vears -5.4283E-15 3.4056E-23 1.0223E+02 7
1000 years 1.2081E-15 1.059BE-23 2.6407E+01 -7
10~4 years 8.4265E-16 7.9954E-24 2.5142E+01 T

e ————
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Shield
a . b Max..Error(%]
4.0245E-17 3.4109E-24

WDR 1.3863E+00

Specific Actvity w/o Tritium (Ci/m*3)

Shutdown  3.0169E-11 -8.2165E-22 2.2445E+00
1 vyear 6.8336E-13 2.%077E-23 4.4225E-01
10 vears 1.9636E-15 1.2645E-23 6.5991E+00
100 years 7.1244E-17 6.3246E-24 1.3248E+00
1000 vears 5.2057E-19 3.4663E-25 1.8596E-01
104 years 7.7365E-22 3.0260E-25 2.4414E-03
Contact Dose Rate (mSv/hr)

Shutdown 2.8362E-10 9.1568E-22 9.4102E-02
1 year 2.5866E-11 4.6396E-22 2.5361E-01
10 vyears 1.9144E-15 2.2254E-22 2.8384E+00
100 years 1.5534E-1% 1.3176E-22 1.3B27E+00
1000 years 1.1433E-17 1.0641E-24 1.2661E+00

4.1195E-22 9.3490E-26 1

104 years .2955E-03

B.4. Reference Sic/Li,?rO,/He Design (R4
First ivertor 1 '

a ' b Max. Error(%)

WDR -1.0494E-15 1.9424E-23 9.6754E+02

Specific Actvity w/o Tritium (Ci/m"3)

Shutdown 6.1494E-08 -4.5322E-19 2,6955E-01
1 year 6.377BE-13 6.3849E-21 1.1394E+01
10 vears 1.51589E-13 1.6632E-21 1.3002E+01
100 years -9.0719E-17 - 5.7867E-24 2.7871E+01
1000 years -9.1672E-17 5.6685E-24 2.8701lE+01
10~4 years -9.1295E-17 5.031%2E-24 3.3573E+01
Contact Dose Rate (mSv/hr)

Shutdown 3.8912E-06 2.6571E-17  3.09%0E-01
1l year 3.8967E-11 4.6691E-19 1.2371E+0Q1l
10 vears 1.1908E-11 1.3847E-19 1.3427E+01
100 years -9.3159E-15 1.7500E-22 B8.2890E+02
1000 years -9.3950E-15 1.7387E-22 9.6958E+02
104 years -9.313%E-15 1 9.6955E+02

.T1237E-22

e I

T

#Cases
6

S h o Oh

o O

#Cases
8
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WDR

a

b

-1.3874E-15 1.3675E-22

Max. Error{%)  #Cases

1.5389E+01

Specific Actwvity w/o Tritium'(ci/m“3}

Shutdown 4.2521E~-07 4.3516E~17
1 year 1.1008E-09 2.165BE-17
10 years 2.9289E-10 9.5760E-18
100 years 1.0435E-11 2.2711E-18
1000 years 2.0506E-14 4.4723E-21
1074 years -2.0623E-17 G5.6640E-24
Contact Dose Rate {(mSv/hr)
Shutdown 3.5243E-06 5.9008E-16
1 year 3.2255E-08 5.9272E-16
10 years -2.9741E-09 3.1031E-16
100 vyears 4.056%E-14 4.9002E-21
1000 years ~-3.9734E-16 9.9073E-23
104 years -1.3910E-16 7.1542E-23
Blanket
_ a b
WDR -2.1211E-15 4.4689E-23

Specific Actvity w/o Tritium (Ci/m"3)

Shutdown 2.8331E-08 -1.8350E-18
1 year 3.28578-11 5.4037E-21
10 years 2.4363E-12 1.1450E-20
100 years 1.9058E-13 9.2030E-21
1000 vears -5.07038E-14 3.1804E-21
10~4 years -5.4101E-14 2.1B895E-21

Contact Dose Rate (mSv/hr)

Shutdown 2.1804E-06 1.0247E-16
1 year 5.5643E~10 -1.1786E-18
10 years 4.9896E-12 3.3B44E-20
100 years -7.1531E-16 1.2485E-23
1000 years -6.8784E-16 1.1443E-23
10~4 years -5.0B33E-16 8.9108E-24

3.

LR B .

= 2o m

1
1
6
6
1
1

Max. Error(%)
7957E+01

o WUk by = Ln

.23808-01
106 7E+01
.0241E+00
.B778E+00
.9031E+00
.174%E+00

.5158E+01
.2949E+01
.0427E+Q1
.6464E+00
.5291E+00
.6893E+00

.5876E+00

L4275E-01
-5560E+01
.5289E+00
.3824E+01
.6086E+01
.1482E401

‘? .

S N R T IS e |

=~} =1 =] =¥ =] -]

#Cases
7
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Vacuum Vessel

' a b Max. Erfor(%) #Céses
WDR -8.1228E-16 1.0022E-23 3.6356E+01 7

Specific Actvity w/o Tritium (Ci/m~3)

Shutdown 3.4376E-07 -9,5952E-17 8.0425E+00 7
1l vear 4.0652E-08 6.8884E-18 1.7016E+(1 7
10 years 3.7067E-09 1.3540E-18 1.6154E+01 7
100 years 2.9015E-12 1.6775%E-20 3.1964E+01 7
1000 years 4.1986E-14 6.3862E-22 2.5834E+01 7
10~4 years 2.91%8E-14 4.3934E-22 2.9960E+01 7
Contact Dose Rate {(mSv/hr) .
Shutdown 2.6233E-06 -1.5137E-15 1.9893E+01 7
1 vyear 4,3402E-08 -1.7874E-17 3.2995E+01 7
10 vears -4.1817E-09 1.4459E-17 ° 3.0842E+03 7
100 years -2.9075E-14 1.1407E-22 . 5.3707E+02 7
1000 years 1.1135E-15 §.3171E-24 2.80%6E+01 7
104 years 7.9425E-16 7.0295E-24 2.7752E+01 7
Shield

a b Max. Error(%) #Cases
WDR 6.0900E-17 5.1591E-24 1.3846E+00 [
Specific Actvity w/o Tritium (Ci/m~3)
Shutdown 3.4547E-11 &.2648E-20 2.7717E+01 6
1l vear 1.0348E-12 4.1116E-23 4.1717E-01 6
10 vyears 2.5434E-15 1.8476E-23 6.6123E+00 6
100 years -~ 1.0779E-16 9.5095E-24 1.3318E+00 6
1000 yvears 7.84%1E-19 4.6517E-25 2.0811E-01 6
104 years -4.3092E-21 3.9861E-25 2.8970E-03 6
Contact Dose Rate (mSv/hr}
Shutdown 2.8548E-10 6.5101E-19 1.3198E+01" 6
1l year 3.9269E~11 6.9973E-22 2.826lE-01 6
10 years 3.8309E-15 3.3515E-22 4.1333E+00 6
100 vears 2.3503E-15 1.9928E-22 1.3824E+00 6
1000 years 1.7299E-17 1.5923E-24 1.2801E+00 6
104 years 9.4136E-22 1.2441E-25 1.3B895E-03 6

e e e e




5 . Li,Q/H,0 Desi Y1)

First Wall / Divertor Wall

a b Max. Error{%) #Cases
WDR 3.0182E-17 1.7924E-24 1.7937E+01 8
Specific Actvity w/o Tritium {(Ci/m~3) . :
Shutdown 1.9956E-07 -1.8810E-i8 7.4617E-01 8
1l year 3.9657E-10 2.0639E-18 1.1859E+02 8
10 years 3.67B4E-13 2.4825E-21 1.4197E+02 8
100 vears 3.0086E-17 2.7091E-24 1.0712E+02 B
1000 years 2.5220E-18 4.0376E-25 '8.2720E+00 8
104 years 4.3510E-18 2.4900E-25 1.8762E+01 8
Contact Dose Rate (mSv/hr)
Shutdown 5.6096E-06 -2.5864E-16 1.5590E+00 g
1l year 8.44918-10 2.0458E-19 8.5771E+00 B
10 vyears 1.2275E-15 3.2534E-23 1.3862E+02 8

© 100 years 31.2930E-16 1.3187B-23 7.3%27E+00 8

1000 years 1.B0OBOE-16 1.0427E-23 1.8664E+01 8
104 years 1.3119E-16 7.7017E-24 1.8427E+01 ‘8
Divertor Plate

a ) b Max. Error(%) #Cases
WDR -2.7018E-15 2.2992E-22 1.9144E+01 7
Specific Actvity w/o Tritium {Ci/m~3) _ '
Shutdown 6.5112E-07 6.7719E-17 B8.6090E-01 7
1l year 1.6527E-09. 3.2545E-17 1.1048E+01 i
10 vyears 4.504SE-10 1.4335E-17 B8.1976E+00 7
100 years 1.8738E-11 3.3817E-18 2.7Q63E+00 7
1000 years 3.6863E-14 6.6586E-21 2.7365E+00 7
10”4 years -2.8244E-17 7.9495E-24 &6.0536E+00 7
Contact Dosge Rate (mSv/hr)
Shutdown 5.1173E-06 1.5015E-15% 4.4541E+00 7
1l vear 4.8B2SE-08 B.9184E-16 1.2884E+01 7
10 vears -9.1703E-09 GS5.1338E-1l6 7.1575E+01" )
100 years 3.9890E-14 8.2381E-21 8.766%E+00 ki
1000 years -6.3471E-16 1.4950E-22 3.0307E+0Q0 i
10~4 vyears -1.2266E-16 1.0197E-22 1.8308BE+00 7
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Blanket

a : ) Max. Error(%) #Caseé

'WDR ~-8.2275E-17 2.5979E-24 1.1409E+01

Specific Actvity w/o Tritium (Ci/m~3} -

Shutdown . 7.5387E-08 4.6359E-18 6.2791E-01
1 year 2.18B66E-10 -3.5442E-19 4.054ZE+01
10 years 2,.2658E-13 -3.9533E-22 5.1951E+01
100 years 1.2338E-16 6.0213E-25 2.2113E+01
- 1000 yvears -1.4369E-17 4.9417E-25 1.0337E+01
10"4 vyears -1.1874E-17 3.6727E-25 1.1628E+01

. Contact Dose Rate (mSv/hr)

Shutdown 2.1598BE-06 1.1851E-17 5.843%3E+00
1 year 3.4360E-10 -6.4363E-20 2.0041E+00
10 years 1.4830E-15 8.0119E-24 2.1667E+01
100 years -1.8269E-16 1.4372E-23 7.2445E+00
1000 years -4,9627E-16 1.5358E-23 1.1615E+01
104 years -3.6435E-16 1.129%1E-23 1.1601E+01
Yacuur Vessel

a b Max. Error(%)
WDR 6.73%80E-16 3.6678E-24 8.9521E+01
Specific Actvity w/o Tritium (Ci/m"3) .
Shutdown 1.5655E-07 -6.4512E-17 1.2336E+01
1 year 2.6774E-0B 6.2B31E-18 1.4266E+01
10 years 2.3820E-09 7.0486E-19 1.7019E+01
100 vyears 1.7569E-13 1.7616E-21 - 2.4627E+01
1000 years 1.223%E-14 1.4102E-22 9.3269%9E+01
104 years 1.079%E-14 1.158BE-22 1.1626E+02
Contact Dose Rate (mSv/hr)
Shutdown 8.9017E-07 -2.2880E-16 1.2844E+01
i1 year 3.7B30E-08 2.5199E-18 4.5525E+01
10 years -9.1844E-10 3.4395E-18 7.1293E+02
100 years -4.8659E-15 2.9171E-23 '1.1339E+02
1000 years 1.8396E-15 4.1816E-24 5.6626E+D01
10~4 years 1.3549E-15 3.5385E-24 5.4078E+0Q1
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Shield

. a ' b " Max. Brror{(%)
WDR 3.6472E-17 3.0894E-24 1.3847E+00

Specific Actvity w/o Tritium (Ci/m~3}

- Shutdown 2.3343E-11 -7.2600E-22 6.2163E+00
1 year 9.5961E-13 2.7300E-23 3.5782E-01
10 years 1.8056E-15 1.1178E-23 5_8827E+00
100 years 6.4436E-17 5.7038E-24 1.3277E+00
1000 years 4.6875E-19 2.9452E-25 1.9626E-01
1044 years -8.4157E-23 2.5464E-25 1.2682E-03

- Contact Dose Rate (mSv/hr)

Shutdown 2.6981E-10 9.308B8BE-22 1.6565E-01
1l year 3.6574E-11 4.9037E-22 2.9241E-01
10 years 6.6565E-15 1.95%0E-22 6,4158E+00
100 years 1.4076E~15 1.1934E-22 1.3834E+00
1000 years 1.0370E-17 9.5833E-25 1.2763E+00
1074 years 2.1372E-21 7.9278E-26 4.2040E-03

B.6, Variant 316$S/Li,0/H,0 Desian (V2)

First iver all
a b | Max. Error(%)
'WDR 1.1262E-14 4.4029E-21 1.0764E+01
Specific Actvity w/o Tritium (Ci/m”3)
Shutdown 1.5142E-07 3.7698BE-16 1.3663E+01
1 year 2.8390FE-08 2.7666E-16 2.4515E+01
10 years 2.2147E-09 3.2882E-17 2.2885E+01
100 vyears 7.9929E-13 3.8520E-19 2.7663E+00
- 1000 years  2.5525E-14 1.8597E-20 5.9397E+00
10~4 years 1.6039E-14 6.2714E-2]1 1.1138E+01
Contact Dose Rate (mSv/hr}
Shutdown 1.7539E-06 3.48Q8E-16 6.5104E+Q0
1 year 7.7335E-08 1.1377E-15 4.3177E+00
10 vyears 1.1790E-08 3.1117E-16 1.2652E+0Q1
100 years 8.7758E-14 3.B799E-21 6.7752E+00
1000 years 2.5416E-15 1.3517E-21 8.7336E+00
1074 yvears 1.8073E-15 B8.7615E-22 9.5158E+00

#Cases
6

h hcth & h
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#Céées
B

00 0% 0 0 Q00

Mmoo m ;| m
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. : 1a

. a b Max. Error{%)
WDR -1.3223E-15 1.8550E-22 1.4001E+01

Specifie Actvity w/o Tritium (Ci/m~3) -
.B711E-01

Shutdown €.1674E-07 6.0082E-17 -9
1l year 1.4563E-09 2.7694E-17 1.1119E+01
1¢ years 3.8458E-10 1.2250E-17 B8.209%E+00
100 years 1.7624E-11 2.9257E-18 3.8229E+00
1000 years 3.4613E-14 5.7613E-21 3.8346E+00
104 years -2.2016E-17 &6.9017E-24 6.1676E+00
Contact Dose Rate (mSv/hr)
Shutdown 4.4606E-06 1.4584E-15 4.1006E+00
1l year 4.1664E-08 7.5585E-16 1.2432E4+01
10 years 3.0828E-09  3.6801lE-16 5.7267E+01
100 years 3.8889E-14 7.2855E-21 9.603BE+00
1000 yvears -2.5220E-16 1.2610E-22 3.6343E+00
104 years 8.2592E-17 B8.4255E-23 2.7983E+00
Blanket .

a b Max. Error{%}
WDR 2,.1388E-14 4.1682E-21 8.5633E+00
Specific Actvity w/o Tritium {Ci/m"™3)
Shutdown 8.2599E-08 1.0213E-16 5.2972E+0Q0
1 year 1.563%5E-08 7.9067E-17 1.1974E+Q1"
10 vyears 1.4115E-09 1.1434E-17 1.0%52E+(1
100 vears  4.8210E-13 -1.1947E-19 1.9656E+00
1000 years 2.6181E-14 8.0063E-21 6.1152E+00
104 years 1.7497E-14 2.5635E-21 1.1363E+D1
Contact Dose Rate (mSv/hr} .
Shutdown 9.2175E-07 4.3604E-16 2.7722E+00
1 year 1.6985E-07 7.9106E-17 2.6751E+01
10 years 1.5130E-08 1.9140E-16 4.8387E+00
100 years 1.1209E-13 1.9940E-21 S.4096E+00
1000 years 2.7064E-15 5.1626E-22 9.0475E+00
1074 years 1.9538E-15 3.4074E-22 9.6B13E+00

#(Cases
7

RS R BN N R |

e I R

#Cases
7

R N B R N |

=) =1 ~] =] ]
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: Vacuum Vessel
; " a b Max. Error{%) #Cases
| WDR 5.3072E-13 3,3580E-21 3.2239E+01 7
L .
i Specific Actvity w/o Tritium {(Ci/m"3)
: Shutdown 8.0815E~-08  9.9609E-18 5.9245E+00 7
'} 1 year 2.1828E-08 8.0603E-18 1.9727E+01 7
! 10 vears 3.4313E-09 1.9742E-18 2.6875E+01 7
i 100 years 1.1755E-11 2.5466E-18 1.0419E+01 7
1000 years 7.5257E-13 7.6210E-21 2.3030E+01 7
104 years 5.7325E-13 3.6281E-21 3.2197E+01 7
: Contact Dose Rate  {mSv/hr) : :
| Shutdown 1.1408E-06 -6.9685E-17 2.7702E+01 7
f 1l year 2.4881E-07 2.3743E-16 2.4142E+01 7
; 10 years 8.1000E-08 4.2078E-17 3.4150E+01 .7
i 100 years 6.1034E-13 §5.4875E-22 3.3141E+01 7
} 1000 vears 2.3663E-14 2.0383E-22 2.6067E+01 7
: 1074 years 1.7035E-14 1.3292E-22 2.7902E+01 7
Shield
| a b Max. Error{%) #Cases
{ WDR 4.3846E-17 3.7150E-24 - 1.3825E+00 6
} Specific Actvity w/o Tritium (Ci/m"3)}
! shutdown 5.7902E-11 ~6.9112E-21 5.8976E+01 6
| 1 year 1.3722E-12 3.8233E-23 3.6146E-01 6
i 10 years 2.6004E-15 1.4038E-23 6&.1070E+0Q0 6
i 100 years 7.7693E-17 6.9401E-24 1.3183E+00 &
g 1000 years 5.6510E-19 4.2255E-25 1.6802E-01 6
_ 1074 years -5.9863E-22 3.7456E-25 2.7436E-03 6
. Contact Dose Rate {(mSv/hr)
1 Shutdown 4.0597E-10 -2.2887E-23 . 3.3433E+00 6
i 1 year 5.2734E-11 7.0367E-22 2.8467E-01 6
i 10 years  8.6392E-15 2.3875E-22 8.7680E+00 6
; 100 years 1.7082E-15 1.4487E-22 1.3819E+00 6
f 1000 years 1.2582E-17 1.1850E-24 1.2539E+00 6
: 10%4 years 1 1.1765E-25 1.4566E-03 3

.2015E~21
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B.7. Variant PCA/Li,Q/H,Q Design (V31

Fir a
a. b Max. Error{%) #Cases
WDR 1.1648E-13 5.0207B-21 4.1826E+01 . 8

Specific Actvity w/o Tritium (Ci/m*3)

Shutdown 1.7570E-~07 2.6884E-16 5.2513E+00 8
1 vear 3.5826E~08 1.9341E-16 1.0453E+01 8
10 years 2.5467E~09 2.062%E-17 1.0730E+01 8
100 years -~ 2.2656E-12 4.5428E-19 4.6019E+00 8
-1000 years 1.1426E-13 1.8590E-20 1.0035E+01 8
10~4 years 7.5272E-14 6.9850E-21 1.4944E+01 8
Contact Dose Rate {(mSv/hr) _
Shutdown 1.9289E-06 6.4222E-16 2.0125E+00 B
1 year 7.3833E-08 3.1059E-16 8.3334E+00 8
10 years 4.4662E-09 7.4156E-17 7.2644E+00. B
100 years 6,.0567E-13 9.9613E-21 8.6232E+01 8
1000 years 6.9244E-14 4.6279%9E-21 3.1175E+01 2]
104 years 2.4277E-14 3.0899E-21 1.1212g+01 B
Divertor Plate

S a _ b Max. Error{%) #Cases
WDR -9.5513E-15 2.4592E-22 3.49%40E+02 -7
Specific Actvity w/o¢ Tritium (Ci/m”3) . :
Shutdown :° 6.1555E-07 4.9491E-17 6.2045E-01 7
1 yéar 1.3326E-09 2.7608E-17 1.0683E+01 7
10Iyears - 3.7572E-10 1.2092E-17 7,.8025E+00Q 7
100 years 1.2938E-11 2.8692E-18 2.1526E+00 7
1000 years 2.518B1E-14 5.6511E-21 2.1707E+00 7
10™4 years -1.8361E-16 7.429%8E-24 8.0192E+01 7
Contact Dose Rate (mSv/hr) o
Shutdown - 5.74%1E-06 -6.2788BE-15 3.4017E+01 7
1 vyear 4.0665E-08 7.5245E-16 1.23%4E+01 7
10 years 3.8972E-09 3.8434E-16 6.6258E+01 7
100 years =-2.3509E-13 8.8935E-~21 1.5125E+02 7
1000 years -2.3567E-15% 1.3760E-22 3.8190E4+01 7
1074 years 2.0051E-17 8.3703E-23 2.4140E+00 7

T e R R i
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Blapket

a . b Max. Error(%) #Cases
WDR 1.1273E-15  5.6683E-21 1.1965E+01 6

Specific Actvity w/o Tritium (Ci/m"3)

Shutdown = 8.2139E-0B 4.9974E-17 1.7091E+Q0 6
1l year 1.5075E-08 3.B964E-17 5.1499E+00 6
10 years 1.1225E-09 4.7149E-18 5.8916E+00 6
100 years 5.8964E-13 1.3955E-19 1.5253E+00 6
1000 years 2.0730E-15 7.6541E-21 3.56876E+00 6
104 vears 2.8379E-15 3.0634E-21 4.776BE+00 €&
Contact Dese Rate {(mSv/hr) ' o
Shutdown 8.9959E-07 9.9885E-16 1.6751E+01 &
1l year 3.9370E-08 1.3364E-16 1.7226E+01 6
10 vears 31.7247E-09 3.3269E-17 4.3424E+00 6
100 years -1.4426E-12 2.4595E-20 6.0573E+01 6
1000 vears 5.2658E-13 2.6876E-21 1.8433E+01 6
10”4 years 1.6162E-15 -2.B676E-21 2.6953E+00 6
Yacuum Vegsel

a b Max. Brror(%) #Cases
WDR 2.3632E-12 1.3375E-21 6.3750E+01 7
Specific Actvity w/o Tritium {Ci/m*3) : _
Shutdown 9.0577E-08 32.B752E-18 3.5264E+00 .7
1 year 1.7714E-08 5.1503E-18 1.4025E+01 7
10 years 1.6882E<09 1.1763E-18 1.8964E+01 7
100 vyears 1.7490E-~11 2.8906E-19 1.3041E+C1 7
1000 vears 1.2107E-12 7.6795E-21 3.0675E+01 7
104 years 7.9530E-13 3.B640E-21 3.7727E+01 7
Contact Dose Rate (mSv/hr) .
Shutdown 1.3475E-06 -3.4012E-16 2.0651E+D1 7
1 year €.6571E-08 2.4372E-17 1.8320E+01 7
10 years 1.2374E-08. B.5370E-18 32.1269E+01 7
100 vears 1.8677E-11 -1.7396E-20 1_.6788Ex02 7
1000 years 1.3361E-12 2.4520E-21 4.9821E+01 7
10*4 vears 3.3899E-13 2.5119E-21 2.8BJ0E+01 7




Shield
a b Max. Error{%) #Cases

WDR 3.9136E-17 3.3167E-24 1.3B45E+00 6
Specific Actvity w/o Tritium (Ci/m~3)
Shutdown 8.2098E~-11 -6.9210E-20 9.7081E+01 6
1l year 1.1880E-12 3.5411E-23 3.7778E-01 6
10 years 2.5733E~-15 1.2893E-23 6.3927E+00 [
100 vears 6.9446E-17 6.2369E-24 1.3104E+00 6
1000 years ©5.0294E-19 4.1297E-25 1.4931E-01 6
10~4 years -1.3174E-21 3.7010E-25 1.409BE-03 6
Contact Dose Rate (mSv/hr} _
Shutdown 7.7765E-10 ~6.9416E-19 7.6732E+Q1 &
1 year 4.5713E-11  6.1417E-22 2.8735E-01 [
10 vears 7.6655E-15 2.1384E-22 7.76B0E+00 6
100 years 1.52%0E-15 1.2971E-22 1.3B23%E+00 )
1000 years 1.1259E-17 1.0731E-24 1.2393E+0Q0 6
1074 years 1.6308E-21 1.1740E-25 2.5199E-03 &
E;Q4_EQEié22_HAéélié;giﬂgg_gﬁﬁign_Llil
Eirst Wall / Divertor Wall

: a b Max. Error{%)  #Cases
WDR ~6.1907E-16 3.2154E-20 B8.8974E+(0 8
Specific Actvity w/o Tritium (Ci/m~3} _
Shutdown 2.6098E-07 4.7235%E-16 1.2803E+01 8
1 year 3,3245E-08 3.3559E-16 3.0635E+01 8
10 years " 1.9501E-09% 3.1404E-17 3.0823E+(C1 8
100 vears 1.3367E-13 6.1604E-20 3.6877E+00 8
1000 years -6.0642E-16 2.9779E-20 2.4234E+00 8
104 years -6.4650E-16 1.0535E-20 4.57B5E+00 . B
Contact Dose Rate {(mSv/hr) .
Shutdown 4.3193E-06 1.1742E-15 2.433R8E+00 B
1 year . 1.6772E-07 5.6391E-16 2.6068E+01 8
10 vears. 1.1356E-09 3.4451E-17 1.4882E+01 8
100 years -1.324C0E-12 1.4794E-19 5.2402E+01 8
1000 vears -1.7298E-14 1.2772E-19 8.958S5E+00 8
1074 vears -1.2606E-14 9.3853E-20 8.9570E+00 3
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Divertor Plate
& b Max. Exrror{%)
WDR ~2.1726E-15 2.3218E-22 1.4495E+01
Specific Actvity w/o Tritium (Ci/m"3) .
Shutdown .. €.8674E-07 7.5146E-17 B8.5974E-01
1l year - 1.869%0E-09 3.7274E-17 1.1098E+01
10 years 5.1830E-10 1.6289E~-17 8.3330E+00
100 years 2.1750E-11 3.7843E-18 2,9031E+C0
1000 vears 4.2741E-14 7.4513E-21 2.9197E+00
104 years -2.3920E-17 B8.9130E-24 7.308B9E+00
Contact Dose Rate (mSv/hr)
Shutdown 5.1666E-06 7.6720E-15 2.6247E+01
1 year 5.5763E-08 1.0266E-15 1.2860E+01
10 vears ~-B.5869E-09 5.555(0E-16 6.2621E+01
100 years 5.4261E-14 8.6003E-21 B.601BE+00
1000 years -4.4864E-16 1.607BE-22  2.1858E+00
104 years 2.6844E-17 1.1314E-22 1.5514E+Q0C
Blanket
: a - b ‘Max. Error(%)
-WDR 1.7856E-13 3.4179E-20 1.0545E+01
Specific Actvity w/o Tritiem (Ci/m*3) _
Shutdown 1.2996E-07 1.4258E-16 8.2326E+00
1 year 1.2159E-08 1.0415E-16 2.775ZE+01
10 years 6.8181E-10 1.0321E-17 2.810BE+(Q1
100 years 1.1109E~13 3.6184E-20 2,9261E+00
i000 vears 3.9606E-14 1.7231E-20 G5.1241E+00
104 years 2.6091E-14 7.6456E-21 7.33B4E+00
Contact Dose Rate (mSv/hr) _
Shutdown 2.357BE-06 4.8444E-16 9.2967E~+00
1l vear 7.1003E-08 2.1046E-16 1.953%E+01
10 years 9.6978E-10 2.3295E-17 1.0262E+01
100 years -1.3345E-12 1.8618E-19% 1.1806E+01
1000 vyvears 7.1311E-13 1.3808%E-19 1.0679E+01
104 years 5.2447E-13 1.0153E-19 1.0678E+(l

#Cases
7

R I I |
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7
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cuun vossel

a b Max. Errori{%)
WDER, 5.7071E-12 2.4432E-20 4.0607E+01

Specific Actvity w/o Tritium {(Ci/m~3)

.4688E-21

s ey e

. Shutdown 1.9348E-07 -5.3222E-18 2.4581E+00
1l year 1.8185E-08 4.6764E-18 1.4092E+01
10 years 1.6705E-09 B8.2611E-19 1.9737E+01
100 years 2.4640E-12 3.7997E-20 1.3738E+01
1000 years 1.2810E-12 2.2423E-20 1.4826F+01
10°4 years 8.4585E-13 9.0404E-21 2.2052E+01
Contact Dose Rate (mSv/hr)

Shutdown 3.8912E-06 1.90B4E-16 7.8890E+00
1 year 8.2400E-08 . 6.0861E-18 1.5422E+01
10 vears 1.1154E-08 2.1240E-18 3.9482E+01
100 years 2.3822E-11 1.0362E-19 4.0030E+01
1000 years 2.2811E-11 1.0055E-19 4.0104E+01
104 years 1.6770E-11 7.3938E-20 4.0105E+01
Shield

a b Max. Error(%)

WDR . . 4.8245E-17 2.6794E-24 3.2492E+00
Specific Actvity w/o Tritium (Ci/m"3) o
Shutdown -2.3180E-10 7.7025E-19 8.4961E+02
1 year 1.0228E-12 1.8317E-23 5.076%9E-01
10 vears 2.1943E-15 9.6627E-24 9.91%7E+00
10¢ years 8.5402E-17 ©5.021BE-24 3.0762E+00
1000 years 5.5886E-19 3.1742E-Z5 3.1473E-01
104 vears 2.8202E-21 2.8261E-25 3.9624E-03
Contact Dose Rate {mSv/hr} .
Shutdown -5.9591E-09 1.8676E-17 1.7754E+03
1 year 4.0020E-11 2.4457E-22 3.53825E-01
1¢ years 7.75920E-15 1.7546E-22 8.7612E+00
100 years 1.9196E-15 1,0671E-22 3.2473E+00
1000 vears 1.4146E-17 8.7671E-25 2.9370E+00
10%4 years 6 9.0508E-26 2.2338E-02

#ases
7
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