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DISCLAIMER

This report is an account ofiork undertaken within thdramework of the ITER EDA
Agreement. Neither the ITER Director, the Parties to the ITER Agreement]. $1eDOE, the
U.S. Home Team Leader, the U.S. Home Team|AB& or any agencythereof, or any otheir
employees, makes anwarranty, express or implied, or assumasy legal liability or
responsibility forthe accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not ipfrivegely owned rights.
Reference herein to any speciftommercial product, process, oservice by tradename,
trademark, manufacturer, or otherwise, doesnecessarily constitute or imply gndorsement,
recommendation, or favoring by the parties to the ITER EDA Agreemeni\EAeor any agency
thereof.

The views and opinions of authors expressed herein do not necestsdeilpr reflecthose of
the ITER Director, the Parties to the ITER Agreement,Whs. DOE, theU.S. Home Team
Leader, the U.S. Home Team, the IAEA or any agency thereof.



Abstract

A detailed three-dimensional model has been developed for the divertor cassette in the ITER
detailed design. Each divertor cassette in the model was divided into 103 regions to provide
detailed spatial distribution of the neutron flux. The layered configurations of the dome PFC and
vertical targets were modeled accurately with the front tungsten layer modeled separately. 3-D
neutronics calculations have been performed using the continuous energy MCNP-4A code with
cross section data from FENDL-1 to determine the detailed spatial distribution of the neutron
flux in the divertor cassette. A detailed activationanalysis hasbeen performedor zones
representing the differemwtitical components of the divertaassette.The activation calculations
have been performedsing the latestversion ofthe activation cod®KR-PULSAR2.0and the
FENDL/A-2.0 and FENDL/D-2.@latalibraries. The calculations have been perfornfed two
operationalscenarios. Special attentiorhasbeen given to the top 1 cmungsten layer of the
divertor dome. The radioactivity generated in thiiangsten layers othe divertor is mostly
dominated by®*W during the first day after shutdown. Accurate calculation offAéinventory
that takes into account the self-shielding effect, also yielded accurate resoliseforadioisotopes
produced by multi-step reactions withw. The GlidCop copper and 316S-LN parts of the
divertor also generated consideralelel of activityand decayheat. Neverthelesshe analysis
showedthat thetungstenPFC isclearly themostcritical part of thedivertor fromthe decayheat
generation point of view.



1. INTRODUCTION

The divertor cassettgesign went through several changes to improve its performance. The
latest ITER design is the Detailed Design [1]. The design utilizes 60 divertor cassettestwih
targets and a central dome. These cassettes are exposed to direct sourcecoeutrgrisom the
plasma as well as secondary lower enargytrons resulting from neutranteractions in the
cassettes themselves and other in-vass@ponents. Knowledge tiie amount of radioactivity
and decay heairoduced by these neutronstire different components of the divertor cassette is
essential for proper safety and environmental analysis. As a first step activation calculation,
neutron transport calculatiorere performed to determine the neutron spectra in the different
regions. These spectra, along with the material composition and the operating scenario, are utilized
in the activation calculation to determine the radioactive inventory and Heeayn eachiegion as
a function of time following shutdownDue to the geometrical complexity of tdevertor region,
three-dimensional (3-D) analysaee required to accoufr the effects of the geometrical details
on the neutrorflux. 3-D neutronics and shielding calculationsre performed fothe divertor
region in theDetailed Design to determine the nuclear parameters in the divertor cassette and
surroundingvacuum vessel and TF coilg]. In these calculations, the neutron spectra in the
divertor zones are calculated and used in the activaesimulations. Thectivation calculations are
performed for two operational scenarios to determine the level of a@iwtydecayheat generated
in the differentzones ofthe divertor. The resultsare given at different times up 000 years
following shutdown.

2. THREE-DIMENSIONAL CALCULATIONAL MODEL

Due to the geometrical complexity of the diventegion, 3-D models are required to properly
determine the neutron flux. The continuous energy, coupled neutron-gamma ray Monte Carlo code
MCNP-4A [3] hasbeenused inthe 3-D neutroriransport calculationsThe nuclear datased is
based orthe FENDL-1 evaluation4]. The detailed geometricalonfiguration of the divertor
cassettdhasbeen modelefor 3-D neutronics calculations. ThiFawings provided byhe Joint
Central Team (JCT) at Garching for the Detailed ITER Design afgaie forthe 3-Dmodeling.

The modelrepresents a nine degree toroidal sectaifT&R. Hence, itincludes one and a half
cassettes with the associated nominal 1 cm gaps between adgsszitesThe model includes in
detail thehigh heatflux plasma facing componen{®FC), the verticaltargets,the wings with



associated plates, and the gas boxes, as well as the central dome and cassetfEhe@ies.cm
wide and17.5 cmthick divertor pumping duct at the bottom efch cassette is included in the
model. The rails upon whide cassettes move toroidatluring maintenance aralso included.
Each divertor cassette in the modehs divided into 103 regions to provideletailed spatial
distribution of the neutroflux. The layered configurations of the dorR€C andvertical targets
were modelediccuratelywith the front tungsteriayer modeledseparately. This wasssential to
properly account for self-shieldirgffects of the giant resonanfe W at 20 eV thaproduces
83V which dominateslecay heat in the WFC. Separate regionare included in the model to
represent thenechanical attachmerésd coolant pipe connectiof@ the dome, vertical targets,
and wings. Figure 1 showsvartical crosssection of the cassette model at a toroidal location at
the center of the cassette through the pumping ducts. Figures 2, 3 andhke giwvebers used to
identify the cellsused inthe MCNP calculationsfor determining the spatial distribution of the
neutron flux.

Fig. 1. Vertical cross section at the middle of the cassette model.



Fig. 2. Vertical cross section in the outer part of cassette showing the cells used to determine
the spatial variation of nuclear parameters.

Fig. 3. Vertical cross section in the inner part of cassette showing the cells used to determine
the spatial variation of nuclear parameters.
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Fig. 4. Vertical cross section in the central part of cassette showing the cells used to determine
the spatial variation of nuclear parameters.

The divertor cassette modes been integrated witthe general ITER modddased on the
Interim ITER Design[5]. The integrated model includegetailed modeling of thdirst wall,
blanket with associated coolant manifolds and back plates, V\¢oil$, centralsolenoid,and PF
coils. While Be isused aghe plasma facing material at thest walls of the blanketmodules,
tungsten is used fahe inboard andutboard baffle modules abovkee divertorcassette. All
toroidal and poloidaapsbetween adjacent blanketodules arancluded. The major vacuum
vessel penetrations are included in thedel. This includeghe divertorport atthe bottom of the
reactor. Due to symmetry, only 1/40 othe reactor is modeledith surroundingreflecting
boundaries. The blankedesign inthe ITER Interim Designvas usedsince the blanketiesign
was notfully developed in théetailedDesign. Since most othe design changes itihe blanket
are expected to be in the back plate, module attachment and manifolds, the impact will be mainly on
shielding and streaming through the lapgets andthe impact on th@eutron flux inthe divertor
cassette will be minimal.

The output of theMCNP geometry plotting routine given iRig. 5 shows avertical cross
section through the middle of the vacuum vessel ports. Figure 6 is a horczostdection at z=
-6 m in the middle of the divertguort. The divertor pumpinglucts inthe divertor cassettes are



shown in this figure. Several splitting surfaces have been added in the divertor region to allow for
utilizing the geometry splittingvith RussianRoulette variance reduction techniques employed in

MCNP which are needed to improve the accuracy ot#hmulatedneutron flux particularly at the
back of the cassette.

Fig. 5. Vertical cross section through the VV ports of the ITER 3-D model for MCNP
calculations.

pumping ducts

TFC
\A%

7 divertor port |

Fig. 6. Horizontal cross section of the 3D model at Z= -6 m.



A combination of cones, tori, cylinders, and plamess utilized for accurate modeling of the
geometry. A total of 543 surfaces has been used in the model, of which 175 are fourthadegree
The model employs 593 geometrical cells. The volumes of the different cells have been determined
stochastically by ragyracing. A source subroutine hlasen written to modiffMCNP to sample
source neutrons from the source distributiothm ITER plasmarovided numerically byhe San
Diego JCT at 1600 mesh points. Cell flux tallies are used to determine the volume averaged flux in
the components of the divertor. Energy bins were @tiped to determine thaeutron spectra in
the multi-group structures used irthe activation calculations. The appropriate material
compositions are used for the different cellgh&model. The materiacomposition used for the
divertor cassette is given ifable 1. The calculatiohas been performedising 50,000 source
particles. The results are normalized to the nominal fusion power of 1500 MW.

Table 1. Material Composition

Dome PFC lcmW
2 cm 75% Cu, 25% water
Cu dome body 85% Cu, 15% water
SS dome body 75% SS, 25% water

Wings 16% W, 79% Cu, 5% water
packing fraction: 21% outer, 26% inner

Gas Box Liners and Wing Plates 8% W, 74% Cu, 18% water

Vertical Targets top section:
lcmW
2.5 cm 82% Cu, 18% water
back region 97% SS, 3% water
lower section:
5.5¢cm 89% C, 4% Cu, 7% water
back region 97% SS, 3% water

Cassette Body 80% SS, 20% water
Mechanical Attachments 100% SS
Coolant Pipe Connections 70% SS, 30% water
Rails 100% SS



3. NEUTRON FLUX AND ENERGY SPECTRUM IN THE DIVERTOR CASSETTE

The neutron flux has been calculated in the different components of the dbamtette. The
energy integrated values as well as the energy speetaevaluatedfor use inthe activation
calculations. The energy spectra were determined for the VITAMIN-Xfmep structure of 175
energygroups used toepresent the FENDKata and a coarse group structure of dgergy
groups. The volume averaged results were determined for 103 segmirecassettasing cell
flux tallies. The values of the energy integrated neuftox are given alongvith the one-sigma
standard deviation ifiable 2. The zonaumbers correspond the numbers given irFigs. 2-4.
The largest flux occurs ithe domePFC which has &ll view of the plasma antasthe largest
neutron wall loading. In response to a requesthibysafetygroup ofthe JCT at San Diego, we
performed activation calculations for the front 2 mmthef WPFC ofthe dome. The 3-D model
was modified to segment the 10 mm thick W zone (cell 1wto segments; a front 2 mihick
segment and an 8 mm thick basggment. The flux values in these segmerase 2.23x106* and
2.14x10* n/cnts, respectively, compared to an average flug.a6x13* n/cnts forthe 10 mm
thick W PFC (cell 1).

The W PFC at the top of the vertical targets experiences relatiigglylevels of neutrofiux.
Therest ofthe vertical targetandwings experience moderate levels of neutron flux with values
dropping rapidly as one moves deeper in the cassette body. Notice that the statistical uncertainty is
larger at the back cells of treassette. Howevethe flux is relatively low at these cells and
contribution to divertor activation and decaégat issmall. In other words, the statistical
uncertainty in the calculated flux is reasonable (<5%) in the wellsh havemajor contribution to
the activation and decay heat. These are the front cells with the highest flux values. In general, the
neutron flux in the inboard side of the cassette is lower than in the outboard side which has a larger
view of the plasma.

Figure 7 gives the neutron spectrahe WPFC ofthe dome (cell 1andcell 7 in the dome
body. The effect of attenuation of the high energy neutrons in the dome bodsrigillustrated.
This results in a much softer neutron energy spectrum inside the dome body. Thiepaegsion
in the spectrum in the WFC around 20 eV is r@sult of the giant resonance in theyjncross
section for'®™W at 20 eV. The dip in the spectrum in the energy range 3-6 eV reprisesffect
of the resonance in cross sections'faW. The shallow dip at ~8 eV results from the resonance in
the'®\W cross sections. No such structure occurs in the spectrum in the steel dome body.



Figure 8 showghe neutron energy spectra in tinent of the outerwings (cell 24) and the
front 55 mmthick zone of thdower section othe outboardvertical target (celr3). These two
cells surroundthe outer channel of thdéivertor. Asgiven in Table 1, thewings include both
copper andungsten. Inaddition to the structure in the energy spectrum resuftiogn the
tungsten resonances, a dip resulting from thke\2resonances is also visibl&ince thefront of
the lower section othe vertical targetonsists mostly of carbon which is a good slowituyvn
material, the energy spectrum is musibfter. This is also aesult of thelower neutronwall
loading at the vertical target compared to wiegs [6] whichimplies less high energy source
neutrons incident on the vertical target compared to lower energy secondary neutrons. In addition,
one notices that the spectrum in the wings is slightly softer than that in theR#ebnevhich has a
full view of the plasma. Figure 9 compares the neutron energy spectra in two cells in the inner and
outer legs of the divertor cassette. The dip at ~25 keV correspotds2b keViron resonances.
It is clear that the spectra are much softer than those in the dome, wings, and verticaltavgets
in Figs. 7 and 8. This is a direct result of the neutron attenuation and slowing dihercassette
body. Theflux is lower and softer ithe inner leg compared to the outer Velgich has darger
view of the plasma. The average neutron wall loading at the werteral target i0.134 MW/m?
compared to only 0.007 MW/at the inner vertical target [6].



Table 2. Spatial Distribution of the Energy Integrated Neutron Flux in the Divertor Cassette

Zone Number | Neutron Flux Standard
(n/cm?s) Deviation (%)
Dome PFC
1 2.16E+14 2.2
2 2.02E+14 2.2
Dome Body
3 1.33E+14 3.3
4 1.23E+14 3.8
5 1.44E+14 3.7
6 4.19E+13 3.6
7 1.77E+13 3.8
8 4.03E+13 3.9
9 8.69E+12 3.3
Central Body
10 1.59E+13 3.9
11 5.48E+12 3.3
12 9.53E+12 4.2
13 1.20E+13 4.5
14 1.19E+13 5.5
15 1.13E+13 3.6
16 2.45E+12 4.4
17 3.46E+12 4.5
18 3.21E+12 4.9
19 1.26E+12 6.2
20 2.75E+12 4.7
21 9.05E+11 5.3
22 8.29E+11 6.2
23 1.72E+11 8.8
Wings
24 1.03E+14 2.4
25 5.36E+13 2.7
26 9.42E+13 2.9
27 5.07E+13 3.3
Wing Plates
28 8.97E+13 4.1
29 2.87E+13 4.9
30 1.02E+14 4.7
31 2.85E+13 4.9
32 4 59E+13 4.6
33 3.67E+13 3.9
34 2.68E+13 6.5
35 2.47E+13 5.7




Table 2. Spatial Distribution of Nuclear Responses in the Divertor Cassette

(Continued)
Zone Number | Neutron Flux Standard
(n/cm?s) Deviation (%)

Outer Leg

36 2.10E+13 3.5
37 5.68E+12 3.5
38 3.79E+11 8.7
39 1.64E+11 16.3
40 1.23E+13 3.0
41 3.89E+12 3.1
42 1.83E+11 5.5
43 1.03E+13 5.8
44 6.28E+12 3.2
45 2.86E+12 3.3
46 5.86E+11 4.4
47 8.80E+10 7.3
48 1.66E+12 8.7
49 1.32E+12 9.5
50 2.48E+10 10.9
51 3.56E+10 8.4
52 1.85E+11 10.6
53 9.67E+10 12.6
54 4.44E+09 16.8
Inner Leg

55 1.32E+13 4.7
56 8.31E+12 4.5
57 2.51E+12 5.3
58 4.39E+12 9.9
59 5.08E+12 6.9
60 3.55E+12 5.7
61 1.04E+12 6.9
62 5.19E+11 8.8
63 9.48E+11 10.1
64 5.64E+11 11.4
65 1.69E+11 11.6
66 1.81E+11 13.7
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Table 2. Spatial Distribution of Nuclear Responses in the Divertor Cassette

(Continued)
Zone Number | Neutron Flux Standard
(n/cm?s) Deviation (%)

Outer Vertical Target

67 1.81E+14 3.7
68 1.46E+14 3.7
69 1.49E+14 3.6
70 1.21E+14 3.8
71 9.25E+13 3.5
72 5.93E+13 3.7
73 8.91E+13 2.7
74 4.03E+13 3.1
75 1.38E+13 5.9
Inner Vertical Target

76 1.16E+14 4.5
77 9.70E+13 5.5
78 9.96E+13 4.4
79 7.50E+13 5.5
80 5.34E+13 4.4
81 4.06E+13 5.2
82 5.62E+13 4.4
83 2.83E+13 4.9
84 9.75E+12 9.6
Gas Box Liner

85 2.45E+13 3.6
86 3.04E+13 3.2
87 2.91E+13 3.4
88 2.26E+13 3.9
89 2.62E+13 3.8
90 2.59E+13 4.0

11



Table 2. Spatial Distribution of Nuclear Responses in the Divertor Cassette

(Continued)
Zone Number | Neutron Flux Standard
(n/cm?s) Deviation (%)
Attachments and Coolant Pipe Connections
Outer Vertical
Target
91 4.45E+13 3.9
92 9.13E+12 4.9
93 1.15E+12 7.4
Outer Wings
94 1.22E+13 6.3
95 5.69E+12 6.6
Dome
96 9.55E+12 5.3
97 5.20E+12 5.9
98 9.01E+12 5.2
Inner Wings
99 4.63E+12 9.3
100 1.21E+13 9.9
Inner Vertical
Target
101 1.51E+12 15.2
102 9.93E+12 6.9
103 2.07E+13 5.4
Rails
104 5.89E+09 11.6
105 3.93E+11 6.2
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Fig. 7. Neutron spectra in the W PFC of the dome and cell 7 in the dome body.
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Fig. 8. Neutron spectra in the front of the outer wings (cell 24) and the front of the lower section
of the outboard vertical target.

13



10" |

Neutron Flux (n/cmz.s,unit lethargy)
[ERN
o
|

——— Outer Leg (Cell 41)
,,,,,,,,, Inner Leg (Cell 60)

10" | E

108 PNITTI AT RTTY AT TIT AN ST RTIT AR SR ARSI R EE R R SR & S
1072 10° 102 104 10° 108
Neutron Energy (eV)

Fig. 9. Neutron spectra in two cells in the inner and outer legs.

4. SELF-SHIELDING EFFECTS IN TUNGSTEN

Short term decay heat is importafitom the safety point ofview regardingthe thermal
response of the divertor cassette to a lossoofant accidenfLOCA). The amount of decayeat
generated in the tungsten plasma facing material at short timeshaftdown hasmportant safety
consequences and should Hetermined accurately*W (T,,= 23.85 h) isthe dominant
contributor to tungsten decay heat for several days following shutd&Whis produced from the
84W(n,y) reaction which has agiant resonance at 20 eV akown in Fig. 10. Precise
representation of the geometry and energy variable is essengmbgerly accountfor self-
shielding effects. Irthe previous3-D modelsfor the divertor cassettg,7], the 1 cm thick
tungsten PFC was homogenized wiike heatsink material. A 6 cm thick zoneias used with a
homogeneousixture of W, Cu, SSand HO. It waspointed out by H. lida etl. [8] that the
improper homogenization of theingsten with other componentan lead toresultsthat are
incorrect. The effects of the homogenization of the tungsten armor and substratesaicutited
productionrate of ** W were determinedising the Monte Carlo codeMCNP with a simple
cylindrical geometry model. When the W armor and the underlying substrdteracgenized, the
18V productionrate is significantly overestimated since thgrogen inthe homogenized zone
helps slow down neutrons the energy of theé®®W(n,y) giant resonanceThe overestimate
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increases as the water content increases. **Weroduction rate can be overestimated by up to a
factor oftwo depending otthe thickness othe homogenized zone and the watentent. This

clearly demonstrates that the layepahfiguration must be modeled correctly to propadgount
for self-shielding.
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Fig. 10.'®W(n,y) cross section.

In order toillustrate the effect ohomogenization, we performed tvaalculationsusing the
detailed 3-D model developed here. In the first one, the 1 cm thick W in the dome PFC is modeled
separately followed by a 2 cm thitleatsink layer consisting of 75% Cu and 25%,8. The
calculation is aimed at investigating the homogenizatitiact. Inthe second calculation, a
homogeneous composition of 34% W, 49.5% Cu and 16.3%6$1used irthe front 3 cm of the
dome. Thé®W production rate is given in Table 3 for bathses. The homogenization effect is
clear from theseresults. The valueover the front 1 cm is overestimated by a factor o63.

Figure 11 compares the neutron spectra in the front 1 cm of the RI6@evhen W ismodeled or
homogenized with the heat sink back zone. The results are given for 46 neutron energy bins. The
softening of the spectrum in the homogenized case is clearly demonstrated.
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The effect of homogenizatiowas investigated also by E. Chenging one-dimensional
discrete ordinates calculatiof]. These resultshdicated that homogenizatiossults in aactor
of 1.33 overestimate in the calculated W deteat. This is in goodgreementvith the effect
found from the 3-D results taking into account the lower water content (18%) used for the heat sink
in the 1-D calculation. Iaddition, J-Ch.Sublet modifiedhis previous3-D model to include a
layered configuratioffior the domePFC [10]. The TRIPOLIresultsare ingoodagreement with
the MCNP results presentdtere. Theflux and**'W productionrate are2.26x16* n/cnfs and
3.28x106% nuclides/cr’s compared t®.16x106* n/cnfs and3.82x16% nuclides/cr’s from the
MCNP calculation presentedhere. This is arexcellent agreement taking into account the
differences in codes and modeling. Tf@/ production rate fronthe recent TRIPOLI calculation
is about a factor of 4 lower thdhat obtainegreviously usinghe model inwhich the WPFC is
included in a single 6 cm thick homogenized zone [10].

Table 3. Effect of W Homogenization 8V Production Rate (nuclides/és)

Separate 1 cm W Layer 3.8x10°?
Homogeneous 3 cm Zone
Average Over Front 1 cm 6.2x102
Average Over Back 2 cm 4.4x10°?
Average Over Whole 3 cm Zone 5.0x102

Since the Monte Carlo calculations use pointvagesssection datgcontinuous energy), the
resonance self-shielding effects #&eatedcorrectly. Therefore,the neutron energy spectra and
reaction rategalculated directlffrom MCNP take into account theelf-shielding effects. This is
contrary to the multi-group calculationghere the cross sections ireach energy group are
calculated from the pointwise data using standard weighting spe&itttough some self-shielded
multi-group data can beised inthe neutrontransport calculations tpartially accountfor self-
shielding, the multi-group activation libraries do not includelf-shielded cross sections. For
example,the FENDL activation librarie§l1,12] usedhere include multi-grougross sections
generated fronmthe pointwise datausing the VITAMIN-E weighting spectrum. Irthe energy
region from 1 to 100 eV, a smooth 1/E spectrum is used. Since the actual spectrum has a big dip at
20 eV, the multi-group activation data overestimate'iwg(n,y) crosssection at the giant 20 eV
resonance. Hence, usitlge correct neutron energy spectrtivat accounts for self-shielding as
obtained fromthe MCNP calculations withthe multi-group activatiomlata thatdoes notinclude
self-shielding effects in the activation code will result in overestimating the reaction ratdscayd
heat.
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Fig. 11. Effect of homogenization on the neutron spectrum at the W PFC of the dome.

To illustrate this effect, we initially used the neutron flux calculated by MCNP iadiineation
code DKR-PULSAR2.0 [13] to calculate the decay heat for W. As predicted the value obtained is
different from what weget usingthe exact®W productionrate calculated biICNP. Although
the flux calculated byMCNP and used bYpKR-PULSAR2.0 iscorrect withthe proper self-
shielding due to the continuous energy treatment, DKR-PULSAR2.0 couples thibievithulti-
group activation cross section which does include self-shielding. Hiearpsssectionused in
DKR-PULSAR2.0 athegroupincluding the 20 eV resonance is higher thashibuld be if we
usethe correcflux distribution insidethe group for crossectionweighting. As a result we are
multiplying the exact energy integrated group flux by an overestingateg crosssection leading
to overestimating the production rate and decay heat.

Based on the MCNP calculatioiW productionrate is3.8x10? nuclides/cris. Assuming
that the'"*W concentration reaches equilibrium amging a conversiofactor of 1.16x10" W/Bq
for ¥ W and forthe pulse scenario of 1 hour on-1 hour off ovemanth (360 pulses) we get
decay heat of 0.22 W/cmat shutdown which drops by 4% in 1 hour to 0.214 W/cifhe DKR-
PULSAR2.0 calculation gavel.53 W/ cmi which is higher by a factor of7. The **'W
productionrate calculated b{pKR-PULSAR2.0 is 2.7x10? nuclides/cr’s which is higheithan
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that calculated by MCNP by about the sdanetor. In thisinitial DKR-PULSARZ2.0 calculation,
FENDL/A-1.0 [11] data in 46 energy groups were used. The effect is expected to be lower when a
finer group structure isised. E.Cheng usedhe neutron energy spectrum in theRFC of the
dome as calculated BMCNP to performactivation calculationsisingthe REAC codewith the
FENDL/A-2.0 [12] activation data in 175 energy groups without self-shielding [Bhe resulting

8\ productionrate is 6.98x10? nuclides/cr®s, which is a factor ofl..83 higher thanthat
calculated directly byMCNP with self-shieldingaken into accounfl4]. These resultsclearly
demonstrate the overestimation of activation resulting from using an accoedteliated spectrum
from MCNP in activation codes with non-self-shielded activation data. It is interesting tthatote
some cancellation oferror might result if non-self-shielded multi-grouplata areused in the
transportcalculation instead of the accuratentinuous energy MCNFRalculation. Theerror
cancellation is not quite full because the flux is not determined only kyrdkssection of interest

with the giant resonance. This effect was demonstrated by comparii@thproductionrate for

a simple 1-D geometry from MCNP to that from ANISN that showed a factor of 1.2 increase [15].

In order to fix this problem oneanbypassthe reaction rate calculation in the activation code
and usethe correct reaction rate calculattdm MCNP for reactions with big resonances and
which produce dominant radionuclides. Alternatively, onecadeculatefrom MCNP the effective
multi-group cross sections for the reactions of interest and mibdifgctivation library to include
these self-shieldedross sections. Thigpproachwas used irthe final activation calculations
which were performed using the FENDL/A-2 activation data in the 175 group structuketaildd
discussion ofthe activation calculation is given in tfiellowing sections. Unfortunatelythis
modification is problem dependent and will be differtat each celldepending on thenaterial
composition.

We repeated th®ICNP calculationfor the divertor tocalculate thé®W(n,y) reaction rate in
the W PFC of the dome in 175 energy bins. The reaction rates were used alahg wélculated
neutron spectra to determine the effective reacatimss sections ieachenergygroup. These
group cross sections take into account the effect of self-shielding since MCNP uses pdatavise
and thecalculated effectiverosssection is weighted by thactual pointwise flux fromMCNP.
The calculations were performéatr boththe front 2 mm andhe whole 10 mm W tanvestigate
the spectrum dependencé&he calculated effectiveross sections wertben compared to the 175
group cross sections in FENDL/A-1.0 [14hd FENDL/A-2.0 [12] whichare notself-shielded.
Figure 12 gives the neutron spectra in the 2 and 10 mm W regions avhisimilar but the 2 mm
case has higher values because of the lower flux attenuation.
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Fig. 12. Neutron spectra in the W PFC of the dome.

We calculated the effectiveelf-shielded'®®W(n,y) crosssectionfor the 175 energy bins
(groups). Figure 13 gives the effective cross section for both casesclelarighat a smalleself-
shielding effect takeplace in thefront 2 mm compared t¢he thicker 10 mmcase. These
differences clearly demonstratieat the effectivecrosssection is problem dependent and varies
from region to region and differeeffective cross sections should lgeneratedor the different
regions of interest teeplace thenon-self-shielded cross sectionstie activatiorlibrary. Figure
14 compares the effective self-shieldadss section to thenon-self-shielded crossection in
FENDL/A-1.0. This demonstratéke large self-shielding effect particularly at tesonances as
expected. About an order of magnitude self-shielding is observed at the 20 eV res@espe
the possible difference ievaluateddata,the self-shielding effect islearly demonstrated. Figure
15 compares the non-self-shielded FENDL/A-1.0 &h@ crosssections for®®w(n,y) which are
nearly identical.

The resultsindicate that it is essential tnodify the productiomate of'*W in the activation
calculation by replacing it with the value obtained directly from MCNP to properly account for self-
shielding. It was pointed out by J-Ch. Sublet [10] that similar treatment shoafzpled to other
low energy resonances in all W isotopes to acctamself-shielding. The 5 eV resonance in the
BW(ny) *W reactionwas identified to be of concern regarding the self-shieldeftgct.
However, the ***"W radionuclide produced ishort lived (T,,= 5.2 s)and does nohave a
significant contribution to decdyeat. Inthe activation calculations performadre, wemodified
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the *W(n,y) **'W reaction ratesnly. The reaction rates in tffeont 1 cm W PFC ofhe dome
andvertical targets as calculated MCNP are given inTable 4. These values wenased in the
activation calculations. Theé®W production rates in the W covering the baffle modules were
calculatedalso. The values are8.11x10* and 4.43x10? nuclides/cr’s for the inboard and
outboard baffles, respectively.
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Fig. 13. Effective®W(n,y) cross section from MCNP for 175 groups.
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Fig. 14. Comparison betweé&tiw(n,y) cross section from MCNP with self-shielding and
from FENDL/A-1.0.
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Table 4.*#W Production Rate (nuclides/és) Calculated by MCNP in the W PFC of Dome
and Vertical Targets

Dome PFC (Cell 1) 3.82x10°
Outer Vertical Target
Top (Cell 67) 2.43x10°
Middle (Cell 68) 1.89x10°2
Inner Vertical Target
Top (Cell 76) 2.03x10°
Middle (Cell 77) 1.53x102

It is concluded fromthe analysis presented in this sectitimat the reasons forlarge
discrepancies obtained before in resdtis W decay heat at 1 hfollowing shutdown are
homogenization with the heat sink that includes water and using non-self-shielded cross sections in
the activationcalculations. Henc#or correct analysis onghouldrely on thecontinuous energy
3-D MonteCarlo results with propdayered heterogeneous modelingctdculate thespectra and
reaction rates or effective self-shielded cross sections to be used in the activation calculations.
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5. ACTIVATION CALCULATION

A detailed activation analysis is performed using the latest version of the activation code DKR-

PULSAR2.0 [13]. The code combined tHE75-group neutron fluxalculated by theVICNP-4A

code withthe FENDL/A-2.0 and FENDL/D-2.0data librarieg12] to calculate the activity and
decay heat generated in the different zones of the divertor. Special attesitigiven to the top 1

cm tungsten layer ahe divertordome. The FENDL/A-2.0 library containglatafor 739 target
nuclides. These target nuclides extefrdm *H up to **Cm with the totalnumber of reactions
being 13006. Onthe otherhand, the decay library includedatafor 1626 nuclides. The
FENDL/A-2.0 library follows the 175 Vitamin-J group format whictc@mpatiblewith the DKR-
PULSARZ2.0 code.

As mentioned in therevious section, @orrect treatment of théungsten self-shielding
problemwas taken into account by replacing tH8W(n,y) crosssection in theFENDL/A-2.0
library with the effectivecrosssection calculatetrom the MCNP-4A calculations. Evetmough
the neutron capture cross section€d% and'®W also have significant resonancedtia thermal
energy range, results presented in this report are focused only on cofrfiactineg'®*W(n.y) self-
shielding effect. That is due to the fact that the daughte¥®vdéfand!®*W are mostlyshortlived
with minor impact on the total decay heat generation in the tungsten layer.

The level of activation induced in thiévertor is dependent on operatitime aswell as the
corresponding fluence. The current planning for ITER envisions two opergpioasés.The first
phase is the Basic Performance Phase (BPP), which is suppdasifdotenyears and involves
a few thousand hours ©-T operation. The radioactivity induced in the divertor structure will
depend on the pulsing scenarios that are being implemented during the BPP as well as the resulting
fluence. Atotal fluence of0.3 MWIA/n? is envisioned for thigphase. The BPP could be
followed by an Enhanced Performanébase (EPP)hat lasts foranother teryears and would
emphasize improved performance dadting. The EPP envisionautilizing a tritum breeding
blanket and is expected to reach a total fluence on the order of GMKV Theresults presented
in this report only deal with the BPP phase.

The choice ofpulsing sequencescluding dwelltimes, used iractivationanalysisare of
great importance to safety analysis. Usindetailedand accuratepulsing sequence is required to
obtain an accurate picture of tpessible safety hazanabsed bythe irradiated structure of the
divertor in the case of thaccidental release @bme of its radioactivenventory. In addition, a
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reliable estimate of the level of decay heat generated in the divertor is needed to acaicatatg
the expected temperature rise of its structiineng a Loss ofCoolantAccident (LOCA)and/or a
Loss of Flow Accident (LOFA). Thitemperature risevould alsoinfluence the level opossible
radioactive release during a severe accident.

The increase in the divertor temperature during a LOCA/LOFA needs to be controlled in order
to limit the mobilization of activation products via oxidation driven volatility. Limiting the increase
in temperaturavould alsolimit the possiblemobilization of tritiumpresent in the plasma facing
components. In additiorgontrolling therise in temperaturevould alsohelp in avoiding the
possible formation ofarge amounts ohydrogen fromberyllium-steam reactions under severe
accident conditions. Finally, it is also important to limit any rise in the structure temperature below
temperatures deemed of special concern from a structural analysis point of view.

Depending on the material used in #alysis,the short andmid-term radioactivity could be
influenced by the details of the overall pulsing sequence, in particular, for isotopdmlhvithes
larger than the finapulse width butsmaller than the total operatidime [16]. The DKR-
PULSAR2.0 code used in this analysigpplies an efficientmathematical model opulsing
sequences allowing for the detailed modeling of all possible pulsing scefiatjo3he code also
allows for the modeling of indefinite number of pulses and intervals in a single computer run.

To examine the effect of pulsing sequences on the decay heat generation, the calculations were
performed for the following two operational scenarios:

I. SA1: This scenario corresponds to a total machine fluence of 0.3a¥tW¥/ It has a long
term availability 0of25% and dinal month availability 0/50%. A burnpulse length of on&our
producing 1500 MW of fusion power is used in this scenafibe SA1 scenario is modeled as
follows:

i. Thelong term span,which has dotal duration of aboul.3.6 months, wasnodeled by a
group of 375 pulses of one hour width with one hdwell time betweenpulses. This
group of pulses is repeated seven times with 750 houadditional coolingtime between
them. This maintains an overall long term availability of 25%.

ii. The last month corresponds to the final group of pulses. It includes 375 pulses of one hour

width and one hour of dwell time between pulses, thus maintaining aestmoravailability
of 50%.
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II. M5: This scenario corresponds tdatal fluence of0.1 MWI@E/n?. It has a longerm
availability of only 4% and a last month availability of 50%. A 1000 second burn producing 1500
MW of fusion power is used. The scenario is modeled as follows:

i. 1900 pulses of 1000 second width with 25000 second dwell time bepuésas for aotal
duration of 18.8 months.

ii. An additional month is modeled with 1250 pulses of 1000 second width and 1000 seconds
of dwell time between pulses. This maintains a short term availability of 50%.

The elementatomposition of the materiald8] used inthe analysis includesll possible
impurities that may influence tHeng term radioactivity generated in tlgvertor. The activation
calculations have been performied the zones defined iMable 2. Theresults for zones in 9
different areas of the divertor are reported and analyzed in this report. These areas are:

Dome PFC

Dome body
Central body
wings

Outer leg

Inner leg

Outer vertical target
Inner vertical target
Rails

Se@ "0 oo Ty
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6. ACTIVATION RESULTS

Activation and decayheatvalues arecalculatedusing the neutronfluxes produced by the
MCNP-4A calculations for the different zones of the divertor. The activation and decay heat values
are calculatedlor 12 different timesfollowing shutdown,ranging from zero td 000 years. In
addition, all nuclides contributing ov&0% ofthe activity or decay heat ahy of these 1#mes
are identified. The same calculationapproach is used witlthe two operational scenarios
previously discussed. The following 17 zones are selected for detailed presentation and analysis of
results. The numbering of theseones followsthe sameorder given inFigs. 2-4and Table 2.
Materials contained in each zone are given between brackets.

I. Dome PFC:
e Zone 1(100% W)

This zone representbe top 1 crmtungstenPFC layer of the divertodome. As shown in
Tables 5 and39, ***"W (T,.,= 5.2 s) isthe dominant contributor to thactivity induced at
shutdown for both operational scenarios. TA& (T,.,= 23.9 h) is the othemnajor contributor to
activity. During thefirst day following shutdown,**W and ***W (T,,= 75.1 d)dominate the
induced activity.'®W and ®W are the majorcontributors toactivity one year following
shutdown. At 10 years following shutdowf’Ta (T,,= 665 d)generates more th&0% of the
zone'sactivity. *Co (T,,= 5.27 y) isthe other major contributor tactivity at the saméime.
Activities induced for times greater than 10 years are dominaté®byT,.,= 269 y),*Ni (T,,=
100 y),**Nb (T,,= 10,000 y), and’C (T,.,= 5730 y). The same nuclides dominate thetivities
induced atall times following shutdown for bothoperationalscenarios. Figure 16 shows the
variation in activity as a function of time for the two scenarios. It is clear tha¢gbksare nearly
identical for short term activity since the availability is the same during the last month of operation
in both operatiorscenarios. Ornhe otherhand, the long term activity determined by thietal
fluence is lower by about a factor of 3 for the M5 scenario. attieity and decayheatresults for
all the zones confirm this observation.

All tungsten radionuclidegre generated by §),and (n,2n) reactions with natural tungsten
included in the calculation. The importance of using the correct self-shielded cross sections for the
production of*®*W lies in the fact that thdaughter nuclides of'W (producedvia multi-step
reactions and/or decgaths) will also becorrectly predicted. All other contributors t@ctivity
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following shutdown are produced Ioyiclear interactions with impurities includedtire tungsten
chemical composition.*”*Ta is produced bythe **Ta(n,2n) reaction, ®®Co is produced by
*Co(ny) reaction*Ar is mostly produced via th&(n,p) pathway*Ni is mostly generated by

the ®Ni(n,y) reaction’Nb is produced by th&Mo(n,d) pathway, anC is largelygenerated by
the'*N(n,y) reaction. Chemical composition of the tungsten alloy used in this analysis contains as
impurities 10wppm of each oftantalum, cobalt, potassium, niobium, and nitrogen. It also
contains 20 wppm and 100 wppm of nickel and molybdenum, respectively.

Figure 17 shows the decay heat generated in zone 1 as a function of time following shutdown.
The W isotope is even a larger contributor to the delwegt than activity generatddllowing
shutdown. It produceabout90% ofthe decay heat up today following shutdown.Similar to
the induced activity’*W and"®W dominate the induced decay heat in the period between 1 week
and 1year. ®°Co appears as nearly tis®le contributor tothe decay heat at 1Qears after
shutdown.'®"Ag (T,,,= 130 y) produced b¥’Ag(n,y) and**Ag(n,2n) reactions withthe silver
impurities (5 wppm) in the tungsten alloy is the major contributor to the deszyafterl00 years
from shutdown. Atimes greater thah00 yearsthe decay heat is dominated ¥, **C, and
*Nb (T,,= 20,000 y) which isproduced as a result tiie **Nb(ny) and*Mo(n,p) reactions.
Tables 6 and 40 lisall major contributors tahe decay heator the SA1 and Mb5scenarios,
respectively.

Finally, it is important to emphasize that the dominance df¥econtribution to the divertor
PFC decay heat isalso affected bythe accuracy of the three-dimensional modseéd in the
analysis. Adifferent study [19] showedhatusing a homogeneous composition of W and Cu +
H,O (zones 1 and 2 in this analysis) to repregeetdivertor's PFCregion along with
homogeneous non-self-shielded data resulted in overestimating the tungsten decay heat produced at
one hour cooling times by a factor of three.

» Zone 2(75% GlidCop Cu and 25%.8)

This zone represents the heat sink layer behind the dome PFC. As shown in Tables 7 and 41,
the copper isotope&Cu (T,,= 12.71 h),*Cu (T,,= 9.74 m),and®**Cu (T,,= 5.1 m)dominate
the induced activity during the first hour following shutdown for both operatgreaiarios.*Cu
continues to be the sole dominant isotope during the firstitexg. The three coppesotopes are
produced by (1y) and(n,2n) interactions withthe two stable coppeisotopes,**Cu and®Cu. In
addition, the ®3Cu(n,p) reactionresults inthe production of*Ni which dominateghe induced
activity for times greater than one week following shutdown, regardless of the pulsing scenario.
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The decay heat generated in zone 2 atertdown isdominated by the same 3 copper
isotopes *Cu, ®*Cu, and®Cu, during the first few days. Decay heagenerated after thirst
week is mostly produced by impurities containedheGlidCop Cu alloy. As shown ifable 8
and 42, except fdfNi, the decay heator times greater than tHest week is dominated byCo
up to ten years and’Ag (T,,= 252 d) up to a yeaithe **Co and"°"Ag isotopesare produced
by (ny) reactions withthe two stable nuclides®Co and'®°Ag, respectively. The temporal
variation of activity and decay heat generated bywleoperational scenaricae shown inFigs.

18 and 19, respectively.

I[I. Dome Body:
» Zone 4(85% GlidCop Cu and 15%.8)

Figures 20 and 21 show the activity and decay heat values generated in thiSheaetivity
and decayheat are dominated by radioactipeoducts ofthe GlidCop Cu alloy. As shown in
Tables 9, 10, 4and 44, radioisotopes dominatintdpe activityand decayheat in zone 2 aralso,
for the most part, the major contributors to zone 4.

e Zone 7(75% 316 SS-LN and 25%.,8)

Like most steel alloys, the activity and decay heat are dominated in short and mid-terms by the
two manganese isotopé¥in and>*Mn. Figures 22and 23show the activityand decayheat
values generated in the zone. As shown in Tatlesl2, 45,and46, **Mn (T,,= 2.58 h) is the
major contributor to the activity and decay heat during the first few hours following shutdown. On
the other hand’Mn (T,,= 312.5 d) isthe major contributor to the dechgat up to gear. The
manganese isotopes are nearly produced equally by the two following pathways:

*>Mn via *®Mn (n,2n) and*Fe(n,p) reactions
Mn via **Mn (ny) and**Fe(n,p) reactions

Other contributors to activity afeCr (T,,= 27.71 d) during the first monttFe (T,,= 2.7 y)
during the first 10 year§Ni during the first 100 years, antNi (T,.,= 80,000 y) fortimes more
than 1000 years. The mid and long-term deuest is generated B§Co (T,,= 70.8 d)and*°Co
during the first year.®*Ni dominated duringhe first 100 years.**Ni and **C dominate at.000
years from shutdown.
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The *'Cr isotope is mostly produced lilge *°Cr(ny) and®?Cr(n,2n) reactions. *°Fe is a
product of the*Fe(ny) and **Fe(n,2n) reactions. While*Ni is mainly produced by?*Ni(n,y)
reaction,”®Ni could be produced by either of tF&li(n,y) or ®Ni(n,2n) reactions>Ni is also the
major contributor to the production 81Co. The other contributor to the production B€o is
*Co which also producé&Co via the (ny) pathway. Thé‘C isotope is produced by tH&(n,p)
reaction.

[1l. Central Body:
e Zone 16(80% 316 SS-LN and 20%.8)

As in zone 7, the activity and decay heat are dominated by the 316 SS-LN allskiows in
Tables13, 14, 47,and 48, the activity and decayheat are dominated by the samsetopes
mentioned in therevious discussion afone 7. Figures 24 and 25how the variation in the
activity and decay heat as a function of time following shutdown.

IV. Wings:
* Zone 24 and Zone 2§16% W, 79% Cu and 5%.8)

Zones 24 and 26 represehé outer and innewings ofthe divertor, respectively.Activities
and decayheatvalues in both zoneare dominated by the samadionuclides®Cu and®'W
dominate the activityand decayheatduring the first day following shutdown. ***\W and *#wW
dominate during the first yeafCo and®Ni dominate at times greater tharyear. Exceptfor the
tungsten isotopesll other isotopesre theproducts ofthe GlidCop Cu alloy.Figs. 26-29 and
Tables 15-18 and 49-52, show the different aspects of activity and decay heat generation in the two
zones.

V. Outer Leg:

» Zone 41(80% 316 SS-LN and 20%.8)

Dominantcontributors toactivity and decayheatfollowing shutdownare similar tothose
discussed in the results of zoheé. Figures 3@nd 31 and Tables9, 20, 53,and 54show the

detailed results for zone 41 for the two operational scenarios.
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VI. Inner Leg:
» Zone 60(80% 316 SS-LN and 20%.8)

Tables 21, 22, 55, and 56 shae dominant nuclidefor activity and decayheat. Figures
32 and 33show the activityand decayheat generated aftahutdown. Major contributors to
activity and decay heat are similarttimse mentioned ithe discussion otheresults of zone 16.
The levels of activity and decay heat generated in the inner ldgveee thanthe levels induced in
the outer leg due to the fact that the inner leg is exposed to a lower neutron flux.

VII. Outer Vertical Target:
e Zone 67 and Zone 6§100% W)

These two zones represent the tungsten armor of theveutieal target. The tungsten at the
top of the outer vertical target (zoi®&) experiences a highdgvel of activation incomparison to
the lower part ofthe target (zoné8). As shown inTables23-26 and57-60, the nuclides
dominating the activity and decay heat are identical to those dominating théuhgsten layer of
the dome's PFC. Figures 34-37 shibw activityand decayheat variation as fnction oftime
following shutdown.

e Zone 73(89% C, 4% GlidCop Cu and 7%,8)

The zone represents the armor of the lower section of the outer vertical target. &&#ixlityn
and decay heat is considerably low resulting in the copper alloy being thesmajoe ofactivity
and decayheat generated in theone. °®Cu and®Cu dominateduring the first week after
shutdownand ®*Ni dominates at longetimes. *®"Ag dominates the decay heat in the period

between one week and one year. Tables 27, 28, 61, and 62 show the major contributors. Figures

38 and 39 show the temporal variation of activity and decay heat.
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VIII. Inner Vertical Target:

e Zone 76 and Zone 74100% W)

The zones represertihe tungsten armor ofhe inner verticatarget. Dominantnuclides are
similar tozones 67 an®8. Another similarity is apparent in the fact thiahgsten experiences a
higher level of activation and dechgat in theupper section othe inner vertical target (zone 76)
than the level experienced by tlever section (zon&7). Major contributorsare listed in Tables
29-32 and 63-66. Variation @ictivities and decalieat as dunction oftime following shutdown
are shown in Figs. 40-43.

» Zone 82(89% C, 4% GlidCop Cu, and 7%,®)

This zone is similar to zone 73. Figures 44-45 show activity and decay heat variation. Tables
33-34 and 67-68 list dominant nuclides for the SA1 and M5 scenarios.

The levels of activityand decayheat generated in the inner vertical targelower than the
levels induced in the outer vertical target due to the fact that the inner vertical tax@bsed to a
lower neutron flux than the outer vertical target.

IX. Rails:

e Zone 104 and Zone 103100% 316 SS-LN)

The zones are made of 100% steel and as in zone 7, the mangatwsesare the dominant
source of activity and decay heat following shutdown. A detailed description of dominant nuclides
is provided in the discussion of zone 7. Tal38s38 and 69-728st dominantnuclides. Figures
46-49 showactivity and decayheat variatiorfor both zones unddhe two operationalscenarios.

The neutron flux in the rails is very small due to the shielding provided by the divertor cassette. As
a result the activity and decay heat levels generated in the rails are extremely low particularly for the
outer rail (zone 104).

Tables 73 and 74 provide a summanytted specific activities and decagat generated in all
zones as a function dime following shutdown forthe SAlscenario, respectively. Aimilar

summary is provided for the M5 operational scenario in Tables 75 and 76.
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Table 5. Major Contributors to Acivity Induced in Dome PFC (Zone 1) for SA1 Scenario (in percert)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1ly 10y 100y 1000y

¢ 14 5644E-08 9886508 1084507 1.105E-07 1.211E-07 1612507 3.25E-07 408507 546506 2.32E-02 4. 91E+00 1.955+01

ar39 3453E07 6048507 6.633E-07 6.760E-07 7.407E-07 9.859E-07 1.99E-06 249506 333505 1.38E-01 2.35+01 1.03E+H01

0060 2605504 4564E-04 5006504 5.101E-04 5589E-04 7437E-04 1L.50E-03 186E-03 221502 2.87E+01 442502 0.00E+00

ni63 4521E07 7.919E-07 8684E-07 8 851E-07 9.698E-07 1.291E-06 2.61F-06 326E-06 4.35E-05 1.73E:01 1.99E+01 1.76E-01

b 93m 2.394E-06 4.194E-06 4.599E-06 4.687E-06 5.136E-06 6.836E-06 1.38E-05 1.72E:05 2.22E-04 6 A8E-01 682E+00 1 48E+01
nb91 2251F-07 3943E-07 4.325E-07 4408E-07 4.829E-07 6428E-07 1.30E-06 163506 2.18E-05 916502 1. 79E+01 31 7E+01

mo 93 5.606E-08 9820608 1.077E07 1.098E-07 1.203E-07 1L.601E07 323507 405507 54306 2.30E-02 4.845+00 1L80E+01

8179 6.773503 1.187E02 1.301E-02 1.326E-02 1. 45302 1.933E-02 388E-024.74E-02 448E-01 6.12E+01 1.55E-11 000E+00

w181 4.649E+008.1455+00 8 931E+00 9.101E+00 9.960E+00 1.320E+01 2.58E+01 2.825+01 5.57E+01 1.61E-03 0.00E+00 000E+00
w183m4.034E+01 2.418E-02 1.708E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 1.310E+01 2.2955+01 251 7E+01 2564E+01 2804E+01 3.707E+01 7.08E+01 7.145+01 4.335+01 1.16E-08 0.00E+00 000E+00
w187 3274E+01 5.733E+01 6.260E+01 6. 228E+01 5903E+01 4.664E+01 1.455+00 1.51E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 6. Major Contrbutors to Decay Heat Induced in Dome PFC (Zone 1) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 7026509 1.022E-08 1.062E-08 1.088E-08 1.242E-08 1.968E-08 1.31E-07 1.86E-07 303506 148503 LO9E+00 1.16E+01

ar39 1901E07 2.767E07 2.874E-07 294407 3 362E-07 5326507 35506 5.03E-06 8 17E-05 3 92E-02 2.30E+01 269E+01

0060 1.705E-03 248103 2577E03 2.640E-03 3015503 4. 77503 3.17E-02 446E-02 6.44E-01 9.66E+01 5.14E-01 0.00E+00

nb 94 2.032E08 2.95/E-08 3072E-08 3.147E-08 3593508 5693E-08 3.79E-07 5.385-07 8.75E-06 4. 290E-03 3 1 7E+00 366E+01
ag108m 7.296E-07 1.062E-06 1.108E-06 1.130E-06 1.290E-06 2.044E-06 1.36E-05 1.93E-05 3.12E-04 1.46E-01 6.62E+01 5.78E+H00
w181 558101 8122F-01 8437E-01 8.640E-01 9.855E-01 1.555E+00 1.00E+01 1.24E+01 2.97E+01 9.96E-05 0.00EH00 0.00E+00
w183m 3 001E+01 1.494E-02 9.999E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 4.186E+006/091E+006.327E+H006479E+00 7.385E+00 1.162E+01 7.32E+01 8.36E+01 6.16E+01 1.91E-09 000E+00 0.00E+00
w187 5949E+01 8653E+01 8 950E+01 8 949E+01 8 841E+01 8 314E+01 8 53E+00 1.01E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 7. Major Contributors to Acivity Induced in Dome PFC (Zone 2) for SAL Scenario (in percert)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1ly 10y 100y 1000y

ni63 1.014E-02 1.060E-02 1.350E-02 1.729E-02 2 288E-02 6.129E-02 4.39E+01 6 81E+01 8 49E+01 9.55E+01 9.99E+01 994E+01
Qu62 1.849+01 1.7995+01 1.20655+01 4.347E-01 2.867E-10 2489E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H00 000E+00
u64 6.137E+01 6410E+01 8.098E+01 9.910E+01 9.978E+01 9.980E+01 2.70E+01 1.79E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Qu66 1.899E+01 1.732E+01 64 76E+009.147E-03 2.966E-09 6.320E-09 7.26E-07 8 85E-10 0.00E+00 0.00E+H00 0.00E+H00 0.00E+00

Table 8. Major Contrbutors to Decay Heat Induced in Dome PFC (Zone 2) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1ly 10y 100y 1000y

0060 110903 1.234E-03 2.107E-03 505803 6.935E-03 1L8G0E-02 7.56E+00 1L.31E+01 36 7/E+01 6.11E+01 2.13E-03 000E+00
Nni63 1.984E-04 220904 3.771E-04 9063504 1.241F-03 3:329E-03 1.36E+00 2.37E+00 7435+00 380E+01 994E+01 942E+01
Qu62 4.822E+01 4.998E+01 4487E+01 3.033E+00 2.072E-09 1.801E-42 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
64 2.1955+01 2441E+01 4.1335+01 9479E+01 9.887E+01 9.903E+01 1.53E+01 1.14E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Q66 25026+01 2431E+01 1.2185+01 3225502 1.083E-08 2.311E-08 1.51E-06 2.07E-09 000E+00 0.00E+00 0.00EH00 0.00E+00
as74 2.784F-03 3.100E-03 5290503 1.268E-02 1. 725502 4. 493E-02 1. 45E+01 1.01E+01 6.70E-05 0.00E+00 0.00E+H00 000E+00
ag110m 3124503 3478E-03 5.937E-03 142502 1.953E-02 522802 2 09E+01 343E+01 4.28E+01 2.56E-02 3.14E-41 0.00E+00
sh124 2 970E-03 3.306E-03 5643E-03 1.354E-02 1.853E-02 4. 926E-02 1. 87E+01 2. 50E+01 1.68E+00 3 60E-16 000E+H00 0.00E+00
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Table9. Major Controutors to Acivity Induced in Dome Bodly (Zone 4) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Nni63 6.243E-03 6499E-03 8.105E-03 9.804E-03 1.293E-02 3462E-02 309E+01 5.60E+01 7.96E+01 953E+01 1. 00E+02 9.96E+01
Qu64 66955+01 6.9635+01 8.6135+01 9.954E+01 9.986E+01 9.984E+01 3 38E+01 2.61E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Qu66 2.311E+01 2.099E+01 7.685+00 1.025E-02 1.349E-09 2.874E-09 4.12E-07 5.86E-10 0.00E+00 0.00E+H00 0.00E+H00 0.00E+00
ag110m 1419503 1.477E-03 1.842E-03 2.228FE-03 2.937E-03 7.848E-03 6.90E+00 L.17E+01 6.61E+00 9.24E-04 4 56E-43 0.00E+00
sh124 1672E-03 1.740E-03 2.170E-03 2.624E-03 3453E-03 9 164E-03 7.65E+00 1. 06E+01 323E-01 1.61E-17 000E+00 0.00E+H0

Table 10. Major Contributors to Decay Heat Induced in Dome Bodly (Zone 4) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

0060 1.542F-03 1.684E-03 2.832E-03 5.336E03 7.157E-03 1.915E-02 7.62E+00 1.235+01 345E+01 740E+01 388E-03 000E+00
ni63 1.517E-04 1.657E-04 2.786E-04 5248E-04 7.040E-04 1.884E-03 7.52E-01 1.22F+00 384E+00 253E+01 9.92E+01 944E+01
cu62 3007E+01 3 058E+01 2.704E+01 1.434E+00 9585E-10 8.314E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
64 29725+01 3 2425+01 54085+01 9.734E+01 9931 E+01 9.9265+01 1.50E+01 1.04E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Qu66 3.781E+01 3603E+01 1.779E+01 3.695E-02 4.946E-09 1.053E-08 6.74E-07 8 61E-10 000E+00 0.00E+H00 0.00E+H00 0.00E+00
ag110m 5.660E-03 6.180E-03 1.039E-02 1.958E-02 2626502 7.009E-02 2. 75E+01 4.195+01 5.24E+01 4 04E-02 7 43541 0.00E+00
sh124 5300E-035.787E-03 9.731E-03 1.833E:02 2.452E-02 6 507E-02 2 42E+01 301E+01 2.03E+H00 559E-16 000E+H00 000E+00

Table 11. Major Contrbutors to Activity Induced in Dome Body (Zone 7) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 6114E05 6.235E-06 6.730E-05 8.170E-05 1.554E-04 241 7E-04 3.06E-04 4.65E-04 1.80E-08 1.80E-02 30001 L155+01

or51 1534E+01 1.564E+01 1.688E+01 2047E+01 3873E+H01 5911E+01 642E+01 544E+01 4.80E-02 8,05E-37 0.00E+00 0.00E+H0
mn56 6.0185+01 6.1095+01 6.3335+01 6.144E+01 3.046E+01 3.744E-01 7.19E-18 0.00E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 3265E+00 3.330E+00 3 594E+004.363E+00 8.296E+00 1. 200E+01 1.62E+01 243E+01 748E+01 7.59E+01 155607 000E+H00
0060 1649501 1.681E-01 1.814E-01 2.203E-01 4.189E-01 6513501 8 21E-01 1.24E+004.27E+00 1.30E+01 1.57E-030.00E+00

Nni59 3179504 3242F-04 3499E-04 4.248F-04 807904 1.257E-03 1.59E-03 242E-03 9.38E-03 9.35E:02 1. 57E+00 6 69E+01

Nni63 3930E-024.007E-02 4.325E-02 5251 E-02 9.986E-02 1.553F-01 1.96E-01 299501 1.155+00 1. 08E+01 9.76E+01 8 32E+00

Table 12. Major Contributors to Decay Heat Induced in Dome Bodly (Zone 7) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.646E-06 1.712F-06 1.845E-06 2.304E-06 7.227E-06 4.566E-05 8 58E-05 1.14E-04 4. 10E-04 258E-03 8 64E-01 368E+01

or51 3101E01 3225501 3475501 4.337E-01 1.353E+008.389E+00 1.36E+01 1L.01E+01 8.19E-03 8.6 7E-38 0.00E+00 0.00E+H0
mn54 3164501 329001 3546501 4429E-01 1.388E+00 8. 756E+00 1.62E+01 206E+01 351E+01 149601 1.00E-30 0.00E+00
mn 56 82635+01 85535+01 8 854E+01 8.839E+01 7.2255+01 3.607E+00 1.03E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe59 2230E-01 2.319E-01 2499E-01 3120E-01 9.754E-01 6091 E+00 1. 04E+01 9.66E+00 1.90E-01 7.45E-23 0.00E+H00 0.00E+00
0058m5457E+005.667E+006039E+00 7.080E+00 1L.519E+01 2445E+01 816504 3 01E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 6:898E-01 7.172E-01 7.730E-01 965201 3.021E+00 1.895E+01 3. 36E+01 356E+01 4.86E+00 351E-13 0.00E+H00 000E+00
0060 2.333E-01 2426E-01 2615501 3266E-01 1.024E+00 6468E+00 1.21E+01 1.61E5+01 5.10E+01 980E+01 2.39E-01 000E+00
ni59 1.273E-06 1.324E-06 1427E-06 1.783E-06 5591 F-06 3532E-05 6.64E-05 8 86E-05 3.18E-04 2 00E-03 6.76E-01 3.18E+01

ni63 3666504 3812F-044.108E-04 5131E-04 1.609E-03 1.017E-02 1.91E-02 2.55E-02 9.08E-02 5.36E-01 9.755+01 9.20E+00

mo99 5968E-01 6.204E-01 6.677E-01 8.267E-01 2460E+00 1.286E+01 5.32E+00 1.92E-02 1.41E-38 0.00E+00 0.00E+00 0.00E+00

Table 13. Major Contibutors to Aciivity Induced in Central Bodly (Zone 16) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 6.156E05 6.242E-056.716E-05 8.243E-05 1.635E-04 2.646E-04 346E-04 554504 250E-03 2.1 7E-02 300501 L17E+01

or51 14755+01 14955+01 1.609E+01 1.973E+01 3892E+01 6.181E+01 6.96E+01 6.195+01 6.34E-02 9.28E-37 0.00E+00 0.00E+H0
mn56 6.310E+01 6.369E+01 6.583E+01 6.457E+01 3.338E+01 4.269E-01 8 50E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
fe55 2484F+002.519E+002.710E+00 3.327E+00 6.596E+00 1.067E+01 1.39E+01 219E+01 7.82E+01 6 93E+01 1.17E-07 000E+00
0060 1.845E-01 1.870E-01 2013501 2470E-01 4898E-01 7.925E-01 1.04E+00 1.64E+00 656E+H00 1. 74E+01 1.75E-03 000E+00
ni50 3223F-04 3 268E-04 3.516E-04 4.316E-04 8.559E-04 1.385E-08 1.81F-03 290E-03 1.31E-02 1.14E-01 1.50E+006.85E+01

ni63 3956E-024.011E-024.316E-02 5297E-02 1.051F-01 1.700E-01 2.23E-01 356E-01 1.59E+00 1.30E+01 9.77E+01 846E+00
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Table 14. Major Contrbutors to Decay Heat Induced in Central Body (Zone 16) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1678E-06 1.711E06 1.827E-06 2292E-06 7.546E-06 556105 1.04E-04 1.45E-04 4.85E-04 2.33E-03 86501 3. 74E+01

or51 3019501 3080E-01 3.288E-01 4.121F-01 1.349E+00 9.760E+00 1L.58E+01 1.22E+01 9.25E-03 7.49E-38 0.00E+00 0.00E+H0
mn54 1694501 1728601 1.845E-01 2.315E-01 7.616E-01 56035+00 1.04E+01 1.37E+01 2.185+01 7.07E-02 5.26E-31 000E+00
mn56 8.771E+01 8 907E+01 9.134E+01 9.158E+01 7.858E+01 4576E+00 1.31E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
259 2451F-01 2500501 2669E-01 3347E-01 1.098E+00 7.999E+00 1.37E+01 1.32E+01 242F-01 7.26E-23 000E+00 0.00E+00
0058m 3407E+00 3471E+00 3664E+H004.314E+00 9.714E+00 1.824E+01 6 08E-04 2.34E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 4500E-01 4.590E-01 4901E-01 6.146E-01 20195+00 1.477E+01 261E+01 2.90E5+01 3.68E+00 203E-13 0.00EH00 0.00E+00
0060 2643F-01 2696501 2878E-01 3611F-01 1.189E+008.75/E+H00 164E+01 2.27E+01 6.70E+01 9.86E+01 2.65E-01 000E+00
ni59 1.307E-06 1.333E-06 1.423E-06 1.785E-06 5.878E-06 4.332E-06 8 13E-05 1.13E-04 3.78E-04 1.82E-03 6 8101 3.26E+01

ni63 3735504 3810E-04 4069E-04 5104E-04 1.680E-03 1.238E-02 2.32F-02 324E-02 1.07E-01 485E:01 9.76E+01 9.37E+00

mo99 7.264E-01 7409E-01 7.898E-01 9.821E-01 30685+00 1.871E+01 7.73E+00 2.91E-02 1.99E-38 0.00E+H00 0.00E+00 0.00E+00

Table 15. Major Contributors to Activity Induced inWings (Zone 24) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Nni63 8297E-03 1L001E-02 1.221E-02 1 486E-02 1.862E-02 3.788E-02 1.59E-01 1.97E-01 2.735+00 9 52E+01 999E+01 990E+01

cu62 1.520E+01 1.708E+01 1.095E+01 3.753E-01 2.344E-10 1.545E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H00 000E+00
64 4230E+01 51015+01 6.168E+01 7.174E+01 6.839E+01 5.194E+01 8.23E-02 4.38E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Qu66 1043E+01 1.0995+01 3.932E+005.279E-08 2.644E-094.278E-09 2.87E-09 2.81E-12 000E+00 0.00E+00 0.00EH00 0.00E+00
w181 1177E+00 1421E+00 1.732E+00 2.109E+00 2.639E+00 5.345E+00 2.16E+01 2.36E+01 4.83E+01 1.22E-05 000E+00 0.00E+00
w183m 1.391E+01 5.744E-03 4.510E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
w185 4227E+005.102E+006.219E+00 7.568E+H00 946 7E+00 1.912E+01 7.58E+01 7.60E+01 4.79E+01 1.12E-10 000E+00 0.00E+00
w187 1004E+01 1212E+01 1.471E+01 1.748E+01 1.895E+01 2.287E+01 1.485+00 1.53E-07 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 16. Major Contributors to Decay Heat Induced in Wings (Zone 24) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

0060 8869504 1.008E-03 1.570E-03 3.107E-03 3.986E-08 8 324E-03 1.02E-01 1.39E-01 206E+00 5625+01 1.76E-03 000E+00

ni63 1.924E-04 2.186E-04 3407E-04 6.730E-04 8,64 7E-04 1.806E-03 2.21E-02 306E-02 507E-01 4 24E+01 993E+01 9.14E+01

Qu62 4696E+01 4.969+01 4.0725+01 2.2685+00 1.450E-09 9.817E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
Qu64 17925+01 2.034E+01 3.144E+01 5.943E+01 5.800E+01 4.525E+01 2.09E-01 1.24E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Q66 1.6295+01 1.6155+01 7.3895+00 1.612E-02 8 266E-09 1.374E-08 2.69E-08 2.93E-11 000E+00 0.00E+00 0.00EH00 0.00E+00
w181 75995028 634502 1.345E-01 2.661E-01 3410E-01 7.094E-01 8 385+00 1.01E+01 2 50E+01 1.51E-05 000E+00 0.00E+00
w185 7.260E-01 8 249501 1.285E+00 2.542E+00 3 255E+00 6.754E+00 7.81E+01 8. 69E+01 6.58E+01 3.70E-10 000E+00 0.00E+00
w187 9810E+00 1.114E+01 1.729E+01 3.338E+01 3.706E+01 4.595E+01 8 65E+00 9.94E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 17. Major Contrbutors to Adtivity Induced in WWings (Zone 26) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Nni63 8365503 1.010E-02 1.240E-02 1.520E-02 1.901E-02 3819502 1.50E-01 1.87E-01 2.62E+00 9. 50E+01 999E+01 990E+01

u62 1581F+01 1.777E+01 1.147E+01 3960501 2.467E-10 1.607E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H00 000E+00
64 4.1145+01 4.9645+01 6.0435+01 7.079E+01 6.733E+01 5.062E+01 7.53E-02 4.01E-15 0.00E+00 0.00E+00 000E+00 0.00E+00
Qu66 1.069E+01 1.126E+01 4.058E+00 5486503 2.779E-09 4441 E-09 2.81E-09 2.74E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
w181 1214E+00 1466E+00 1.799E+00 2.205E+00 2. 755E+H00 5,510E+H00 2.10E+01 2.28E+01 4. 745+01 1.25E-06 000E+00 0.00E+00
w183m 1.384E+01 5.721F-03 4.523E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 4.542E+005484E+006.731E+00 8 250E+00 1L.030E+01 2064E+01 7.66E+01 7.67E+01 4.90E+01 1.19E-10 000E+00 0.00E+00
w187 9984E+00 1.2055+01 1.473E+01 1.763E+01 1.907E+01 2.274E+01 1.38E+00 1.43E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 18. Major Contributors to Decay Heat Induced in Wings (Zone 26) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

0060 9.333E-04 1.060E-03 1.66/E-03 338103 4.339E-08 9.012E-03 1.03E-01 1 40E-01 209E+00 5.76E+01 1.87E-03 000E+00

ni63 1.905E-04 2.164E-04 3402E-04 6.901E-04 8 858E-04 1.840E-03 2.10E-02 2.88E-02 482E-01 4.09E-+01 993E+01 9.12E+01

Q62 4.797E+0150735+01. 4.1955+01 2.396E+00 1.532E-09 1.032E-42 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
au64 171265+01 1.9435+01 3029E+01 5870E+01 5.731E+01 4447E+01 1.92E-01 1.13E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Qu66 1.639+01 1.6255+01 7496E+00 1.677E-02 8.718E-09 1.441E-08 2.64E-08 2.84E-11 000E+00 0.00E+00 0.00EH00 0.00E+00
w181 7693502873802 1.374E-01 2.786E-01 3572E-01 7.389E-01 8. 15+00 9.78E+H00 243E+01 1.50E-05 000E+00 0.00E+00
w185 7.660E-01 8702501 1.368E+00 2.774E+00 3554E+00 7.332E+00 7.92E5+01 8. 75E+01 6 6 /E+01 381E-10 000E+00 0.00E+00
w187 9578E+001.08/E+01 1.702E+01 3371E+01 3.743E+01 4.615E+01 8.12E+00 9.26E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 19. Major Contributors to Activity Induced in Outer Leg (Zone 41) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 6326505 6.397E-05 6.861E-05 8445E-06 1.702E-04 2.792E-04 3.72E-04 613504 307E-03 242502 29901 1L195+01

or51 1488E+01 1.505E+01 1.614E+01 1.985E+01 3.979E+H01 6 406E+01 7.34E+01 6.73E+01 7.66E-02 1.02E-36 0.00E+00 0.00E+H0
mn 56 6451E+01 6495E+01 6.690E+01 6.582E+01 3457E+01 4482501 9.07E-18 000E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 2.177E+00 2 202E+00 2.362E+00 2 907E+00 5.857E+00 9604E-+00 1.27E+01 207E+01 8 20E+01 6.60E+01 9.96E-08 000E+00
0060 1.863E-01 1.884E-01 2021E-01 2487E-01 5012501 8 221E-01 1.09E+00 1.795+00 7.93E+00 1.92+01 1.72E-03 000E+00
ni59 3324FE-04 336104 3605E-04 4437E-04 8 942E-04 146 7E-03 1.95E-03 322F-03 161E-02 1.27E-01 1 59E+00697E+01

Nni63 4076E-024.122E-02 4421E-02 544202 1.097E-01 1.799E-01 2.39E-01 395E-01 1.97E+00 146E+01 9.78E+01 859E+00

Table 20. Major Contrbuiors to Decay Heat Induced in Outer Leg (Zone 41) for SAL Scenario (n percern)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.738E06 1.760E-06 1.870E-06 2.352E-06 7.977E06 6 57405 1.236-04 1. 78E-04 5.71E-04 2.37E-03 8 63501 382E+01

cr51 3072601 3111E01 330401 4.151E01 1401E+00 11335+01 1.82E+01 147E+01 1.07E-02 7.50E-38 000E+H00 0.00E+00

mn 54 8843502 8.957E-02 9515502 1.196E-01 4.056E-01 3.337E+00 6.155+00 848E+00 1.29E+01 3. 63E-02 2.65E-31 000E+00
mn56 9041E+01 9.1165+01 9.301E+01 9.347E+01 8 264E+01 5.382E+00 1.53E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe59 2586E-01 261901 2.782F-01 3496E-01 1.182E+00 9.629E+00 1.64E+01 1.65E+01 290E-01 7.54E-23 000E+00 0.00E+H0
0058m 21195+00 2.143E+00 2251E+00 2.657E+00 6.164E+00 1.294E+01 4.30E-04 1.72E-22 000E+00 0.00E+00 0.00E+00 000E+00
0058 3042E-01 3081F-01 3272501 4.113E:01 1.392F+00 1.139E+01 2 01E+01 2.32E+01 2.82E+00 1.35E-13 000EH00 0.00E+00
0060 2691E-01 2.726E-01 2895501 3641E-01 1.2355+00 1.017E+01 1.90E+01 2.735+01 7.75E+01 9.87E+01 2.60E-01 000E+00
ni59 1.359E-06 1.376E-06 1462E-06 1.838E-06 6.235E-06 5.130E-05 9.60E-05 1.39E-04 446E-04 1.86E-036.82E-01 3.34E+01

Nni63 3880E-04 3 930E-04 4.175E-04 5250E-04 1.781E-03 1468502 2.74E-02 398E-02 1.27E-01 4. 95E-01 9.77E+01 958E+00

mo99 7.869E-01 7.969E-01 8452501 1.054E+00 3391 E+00 2.313E+01 951 E+00 3.73E-02 2 46E-38 0.00E+00 0.00E+00 000E+00

Table 21. Major Contrbutors to Activity Induced in Inner Leg (Zone 60) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1ly 10y 100y 1000y

C 14 6329E-05 6.395E-06 6.854E-05 8462E-06 1.724E-04 2.851E-04 3.82E-04 640E-04 332E-083 248502 298501 1L185+01

or51 1490E+01 1.506E+01 1.614E+01 1.991E+01 4035E+H01 6.548E+01 7.55E+01 7.03E+01 8.29E-02 1.04E-36 0.00E+00 0.00E+H0
mn 56 6527E+01 6566E+01 6.7595+01 6.669E+01 3541 E5+01 4.628E-01 9.44E-18 000E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 2081E+002.103E+00 2253E+00 2.782E+00 566 7E+00 9.366E+00 1.25E+01 2 06E+01 848E+01 645E+01 946E-08 000E+00
0060 1.927E-01 1.947E-01 2087E-01 2576E-01 5248501 8 676E-01 1.16E+00 1.935+008.87E+00 203E+01 1.77E03000E+00
ni59 3.353E-04 338804 3631E-04 4483E-04 9.133E:04 1.510E-03 2 02E-03 330E-03 1. 76E-02 1.31E:01 1. 59E+00 7.00E+01

Nni63 4102602 4.145E-02 4443E-02 5485602 1.117E-01 1.848E-01 248E:01 4.15E-01 2.14E+00 1 50E+01 9.78E+01 861E+00

Table 22. Major Contrbuiors to Decay Heat Induced in Inner Leg (Zone 60) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.751E06 1.769E-06 1.875E-06 2.363E-06 8 21 7E-06 7.544E-05 140E-04 2.10E-04 6.14E-04 230E-03 8 5801 381E+01

cr51 3097601 3129501 3317E-01 4.176E-01 14445+00 1.3015+01 208E+01 1. 735+01 115602 7.27E-38 000E+H00 0.00E+00
mn56 9209E+01 9.263E+01 9431E+01 9.500E+01 8.608E+01 6.245E+00 1. 76E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
e 59 2637E-01 2664501 2824F-01 3557E-01 1.2335+00 1.119E+01 1.89E+01 1.97E+01 316501 7.39E-23 000E+00 0.00E+00
0058 1586501 1.602E-01 1.698E-01 2.140E-01 7424501 6.766E+00 1.185+01 1.41E+01 1.57E+00 6.78E-14 000E+00 0.00E+00
0060 2802501 2.831E-01 3001E:01 3782E-01 1.3155+00 1.207E+01 2.23E5+01 3.326+01 8.62E+01 9.88E+01 2.68E-01 000E+00
Nni59 1.380E-06 1.394E-06 1478E-06 1.863E-06 6476E-06 5946E-05 1.10E-04 1.65E-04 484E-04 1.81F-03684E-01 3.35E+01

ni63 3932043973604 4. 211E-04 5.308E-04 1.845E-03 1.694E-02 3 14E-024.71E-02 1.37E-01 483E-01 9.77E+01 961E+00

mo 99 8133E-01 8216501 8695501 1.086E+00 3583E+00 2.723E+01 1.11E+01 450E-02 2.71E-38 000E+00 0.00E+00 000E+00
18182 1035501 1.046E-01 1.109E-01 1.397E-01 485101 4433E+00 7.935+00 L03E+01 401E+00 369E-08 324E-13 LEOE-11
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Table 23. Major Contributors to Activity Induced in Outer Vertical Target (Zone 67) for SAL Scenario (in peroent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 4594E-08 8515508 9.247E-08 942108 1.082E-07 1.373E:07 273507 340507 4.77E-06 1.99E-024.71E+00 1.85E+01

ar39 295107 5470507 5941E-07 6.053E-07 6.631E-07 8821E-07 1.76E-06 218506 306E-06 1.25E-01 2.37E+01 1L.02E+01

0060 3135504 5811F-04 6.311E-04 6430E-04 7.043E-04 9,36 7/E-04 1.86E-03 2.30E-03 2.86E-02 3 65E+01 6.26E-02 0.00E+00

ni63 3.736E-07 6.924E-07 7.520E-07 7661E-07 8.393E-07 1.116E-06 2.22E-06 2.76E-06 386505 1.51F-01 1.94E+01 1.69E-01

Nnb 93m 2.016E-06 3.736E-:06 4.057E-06 4.134E-06 4. 529E-06 6.024E-06 1.20E-05 149E-05 201E-04 5.77E-01 7.13E+00 1L59E+01
nb91 1868E-07 3462E-07 3.760E-07 3831E-07 4.197E-07 5.582E-07 1.11E-06 1.38E-06 1.94E-05 8 03E-02 1.75E+01 306E+01

mo 93 5176508959308 1.042E07 1.061E-07 1.163E-07 1.547E-07 3.08E-07 383E-07 5.38E-06 2.24E-02 5.26E+00 1. 93E+01

8179 5713503 105902 1.150E-02 1.172E-02 1. 284E-02 1.706E-02 3.38E-024.10E-02 4 0501 545E+01 1.54E-11 000E+00

w181 4015E+00 7.443E+00 8, 083E+H008.233E+H00 9.009E+00 1.193E+01 2.30E+01 250E+01 5.1 7E+01 1.47E-03 000E+00 0.00E+00
w183m4.387E+01 2.783E-02 1.947E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
w185 1.337E+01 2479E+01 2.692E+01 2.742E+01 2.998E+01 3960E+01 746E+01 7 47E+01 4.75E5+01 1.25E-08 000E+00 0.00E+00
w187 3.146E+01 5828E+01 6.301E+01 6. 267E+01 5940E+01 4.690E+01 1.445+00 1.49E-07 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 24. Major Contrbuiors to Decay Heat Induced in Outer Vertical Target (Zone 67) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 5778E098.762E-09 9.068E-09 928809 1.061E-08 1.683E-08 1.11E-07 1.52E-07 256506 1.01E-03 L.O0E+00 1.02E+01

ar39 164207 2490507 257 7E-07 2639507 3015507 4.783E-07 315506 4.33E-06 7.26E-06 281E-02 2.235+01 249E+01

0060 2.073E-03 3.143E-08 3 253503 3.332E-03 3.806E-03 6.036E-03 3.96E-02 540E-02 8. 06E-01 9.76E+01 7.00E-01 0.00E+00

nb 94 2.181F-08 330808 3423E-08 3.506E-08 4.006E-08 6.354E-08 4.18E-07 5.75E-07 9.6 7/E-06 383E-03 381E+004.21E+01
ag108m 6536507 9.912E-07 1.026E-06 1.051E-06 1.200E-06 1.904E-06 1.25E-05 1.72E-05 2.88E-04 1.09E-01 6.64E+01 5.55E+00
w181 487001 7.385-01 7.643E-01 7.826E-01 8 9290E-01 1 411E+00 8 97E+00 1L.08E+01 26 7E+01 7.22E-05 0.00E+H00 0.00E+00
w183m3297E+01 1.711E-02 1.141E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 4.316E+006.546E+006.774E+00 6.936E+00 7.908E+00 1.246E+01 7.76E+01 8 59E+01 6. 54E+01 1L.64E-09 000E+00 0.00E+00
w187 5.774E+01 8.753E+01 9.019E+01 901 7E+01 8 911E+01 8 3091 E+01 8 51E+00 9.72E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 25. Major Contributors to Activity Induced in Outer Vertical Target (Zone 68) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 5221E-08 9.691E-08 1.045E-07 1.064E-07 1.165E-07 1.546E-07 3.07E-07 383E-07 556506 2.36E-02 550E+00 212E+01

ar39 2.864E075317E07 5.734E-07 583907 6.393E-07 8485E-07 1.68E-06 2.10E-06 304E-05 1.26E-01 2.36E+01 9.98E+H00

0060 3262F-04 6.055E-04 6529504 6 649E-04 7.279E-04 9.658E-04 1.91E-03 2.37E-08 3.04E-02 395E+01 6.70E-02 0.00E+00

ni63 3910507 7.259E-07 7.827E-07 7971E07 8.727E:07 1.158E-06 2.30E-06 2.87E-06 4.13E-05 1.65E:01 209E+01 1. 78E-01

Nnb 983m 2.232E-06 4.144E-06 4.468E-06 4.550E-06 4.981F-06 6. 611E-06 1.31E-05 1.63E-05 2.28F-04 6.64E-01 7.76E+00 1.64E+01
nb91 1635E:07 3035507 3273E-07 3333507 3649E-07 4843E-07 961E-07 120606 1.74E-05 7.31E-02 1. 58E+01 2. 70E+01

mo 93 5302508 9.842E-08 1L.061E-07 1.081E-07 1183507 1.570E-07 3.12E-07 389E-07 5.64E-06 2.39E-02 554E+00 1.99E+01

8179 5250503 9.746E03 1.051E-02 1.070E-02 1.172E-02 1554502 307502 3.74E:02 382E-01 5.21E+01 1.46E-11 000E+00

w181 3.700E+006.869E+00 7.406E+00 7.541E+00 8 246E+00 1.090E+01 2.095+01 2.28E+01 4.885+01 1.41E-03 000E+00 0.00E+00
w183m4414E+01 2.804E-02 1.948E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 1.388E+01 257 7E+01 2.7795+01 2829E+01 3091E+01 4075E5+01 7.655+01 7.69E+01 505E+01 1.35E-08 000E+00 0.00E+00
w187 3.150E+01 5844E+01 6.274E+01 6. 237E+01 5907E+01 4.654E+01 1.42E+00 1.48E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 26. Major Contrbuiors to Decay Heat Induced in Outer Veertical Target (Zone 68) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 6563F09 9.968E-09 1.029E-08 1.053E-08 1. 203508 1.903E-08 1.235-07 1.70E-07 295506 1.11E-03 1.18F+00 1.10E+01

ar39 159307 2419507 2497E-07 2.557E-07 2919507 4.619E-07 299506 413506 7.15E-06 2.63E-02 2.25+01 230E+01

0060 2.155E-03 3.274E-03 3.379E-03 3460E-03 3.949E-03 6. 24803 4.03E-02 55302 8 50E-01. 9.79E+01 7.58E-01 0.00E+00

nb 94 2496E-08 3.791E-08 3913E-084.007E-084574E-08 7.239E-08 4.68E-07 648E-07 1.12E-054.22F-03 4 54E+004.58E+01
2g108m 6.160E-07 9.357E-07 9.658E-07 9.889E-07 1129506 1.787E-06 1.16E-05 1.60E-05 2.76E-04 9.88E-02 6 52E+01 497E+00
w181 4485016812501 7031E-01 7.198E-01 8 207E-01 1.298E+00 8.08E+00 9.78E5+00 250E+01 641E-05 0.00EH00 0.00E+00
w183m3315E+01 1.723E-02 1.146E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 4478E+006.802E+00 7021E+00 7.186E+008.188E+00 1.287E+01 7.87E+01 8.77E+01 6.885+01 1.64E-09 000E+00 0.00E+00
w187 5.778E+018.772E+01 9.016E+01 9.011E+01 8 899E+01 8 359E+01 8. 33E+00 9.58E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 27. Major Contributors to Activity Induced in Outer Vertical Target (Zone 73) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 9758E-07 1.020E-06 1.255E-06 1.482E-06 1.952E-06 5.226E-06 547E-03 1.08E-02 1.53E-02 200502409502 LA4E+0L

Nni63 4.693E-034.906E-03 6036E-03 7.126E-03 9.387E-03 251302 2.63E-+01 5.18E+01 7.20E+01 900E+01 998E+01 8 32E+01
Qu64 69855+01 7.2435+01 8.839E+01 9.970E+01 9.990E+01 9.988E+01 3.95E+01 3.33E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Qu66 2.398E+01 2.187E+01 7.900E+00 1.028E-02 7.480E-10 1.598E-09 2.67E-07 4.14E-10 000E+00 0.00E+H00 0.00E+H00 0.00E+00
ag110m 1.094E-03 1.143E-03 1.407E-03 1L.661E-03 2.187E-03 5.841E-03 6.01E+00 L11E+01 6 21E+00 8. 95E-04 46 7E-43 0.00E+00

Table 28. Major Contrbuiors to Decay Heat Induced in Outer Veertical Target (Zone 73) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

be 10 2.118E-08 2472E-08 4092E-08 6.873E-08 9 145E-08 2447E-07 1.25E-04 2.10E-04 6 20E-04 406E-03 353E-02 1L.02E+01

C 14 7117E08 8 304E-08 1.375E-07 230907 3072507 8 222E-07 4.19E-04 7.06E-04 208E-08 1.36E-02 1L17E01 304E+01

0060 1514E-03 1.766E-03 2. 925503 4.912F-03 6535503 1.748E-02 8 88E+00 1.485+01 388E+01 7.78E+01 4.86E-03 000E+00
ni63 1186504 1.384E-04 2 291F-04 3847E-04 5.119E-04 1.370E-08 6 97E-01 1.17E+00 344E+00 2.12E+01 9.90E+01 5.69E+01
Qu62 1.8735+01 2.035E+01 1.772E+01 8.380E-01 5556E-10 4.818E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H00 000E+00
au64 3201E+01 37325+01 6.1285+01 9.833E+01 9.952E+01 9.946E+01 1.92E+01 1.38E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Qu66 4079E+01 4.154E+01 2.0195+01 3.738E-02 2.747E-09 584 7E-09 4.78E-07 6.32E-10 000E+00 0.00E+H00 0.00E+H00 0.00E+00
ag110m 4536503 5293E-03 8.763E-03 147202 1.957/E-02 5.226E-02 262E+01 4.135+01 4.82E+01 346E-02 7.61E-41 0.00E+00
sh124 4034E-034.707E-03 7.793E-03 1.308E-02 1.737E-024.608E-02 2.19E+01 2.82E+01 1.77E+00 456E-16 000E+H00 0.00E+00

Table 29. Major Contributors to Activity Induced in Inner Vertical Target (Zone 76) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 5240E-08 9.146E-08 9.302E-08 9.567/E-08 1.059E-07 1.466E-07 34507 4.37E-07 7.65E-06 394E-02 8 6 /E+00 3 26E+01

ar39 1.909E07 3332507 3422E-07 348507 385/E-07 5341E-07 1.26E-06 1.59E-06 2.78E-06 1 40E-01 247E+01 1L.02E+01

0060 3244E-04 566104 5814504 5922F-04 6552504 9.072E-04 213603 2.6 /E-03 4.15E-02 6 54E+01 1.05E-01 0.00E+00

ni63 3363507 5.869E-07 6.028E-07 6.130E-07 6.794E-07 9408E-07 2.21E-06 2.80E-06 488E-05 2.36E-01 2.82F+01 2.35E-01

Nnb 93m 2.022E-06 353006 3 625E-06 3.692E-06 4. 086E-06 5.657E-06 1.33E-05 1.68E-05 2.83E-04 9.98E-01 9.31E+00 1L66E+01

nb 91 4.980E-08 8691E-08 8. 926E-08 9.092F-08 1.006E-07 1.393E-07 32807 415507 7.27E-06 3.71E-02 7 535+00 1.26E+01

mo 93 3513E086.131E-08 6.296E-08 6413E-08 7.097E-08 9.828E-08 2. 31E-07 2.93E-07 5.13E-06 2.64E-02 5.76E+00 202E+01

8179 1.740E-03 3038E-03 3.120E-08 3178503 3516E-08 4.866E-03 1L14E-02 141E-02 1. 74E-01 287E+01 7.58E-12 000E+00

w181 1625E+002837E+H00 2.913E+H00 296 7E+H00 3279E+H00 4.522+00 1.03E+01 1.14E+01 2.94E+01 1.03E-03 000E+00 0.00E+00
w183m4.199E+01 2.508E-02 1.659E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
w185 1406E+01 2454E+01 2.520E+01 2.566E+01 2.834E+01 3897E+01 8 6/E+01 885E+01 7.01E+01 2.28E-08 000E+00 0.00E+00
w187 3942E+016877E+01 7032E+01 6.991E+01 6. 693E+01 5,501 E+01 1.995+00 2.10E-07 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 30. Major Contrbutors to Decay Heat Induced in Inner Vertical Target (Zone 76) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 5942F-09 834809 8 452F-09 8 650E-09 9.902E-09 1.589E-08 1.27E-07 1.81E-07 349E-06 1.14E-03 1L.91E+00 1. 24E+01

ar39 957508 1.345E07 1.362E-07 1.3%4E-07 1.596E-07 2.560E-07 206506 291E-06 562506 1.78E-02 241E+01 1.71E+01

0060 1.983E-03 2.716E03 2.750E-03 2.814E-03 3.222F-03 5.169E-03 41202 581F-02 997E-01 9.92E+01 1.21E+00 000E+00

nb 94 2.575E-08 3618F-08 3.662E-08 3.748E-08 4. 291E-08 6.886E-08 55107 7.83E-07 1.51E-054.92F-03 8 35E+00 5.85E+01
ag108m 3094507 4.347E07 4401E-07 4504E-07 5156507 8 274E-07 6.62E-06 940E-06 1.81F-04 5.60E-02 5.83E+01 3.10E+00
w181 1777E01 2497601 2528E-01 2586501 2.957E-01 4.726E-01 3655+00 4.54E+00 1.29E+01 2.87E-05 000E+00 0.00E+00

W 183m 2.845E+01 1.368E-02 8.922E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 4091E+005.747E+00 5818E+00 5952E+00 6 801E+00 1.084E+01 8 20E+01 9.39E+01 8 22+01 1.69E-09 000E+00 0.00E+00
w187 6.524E+01 9.161E+01 9.234E+01 9.225E+01 9.136E+01 8.702E+01 1.07E+01 1.27E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 31. Major Contributors to Activity Induced in Inner Vertical Target (Zone 77) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 627308 1.053E07 1.078E-07 109807 1.213507 1.671E-07 38307 484E-07 8.75E-06 391E-02 997E+00 3 72E+01

ar39 1.884E07 3163507 3239E-07 3298507 3645E-07 5020E-07 1.155-06 145506 262506 1.155-01 2.345+01 9.61E+00

0060 4436E-04 7447E-04 7.626E-04 7.764E-04 8579E-04 1.181F-03 2.70E-03 3.39E-08 543E-02 7 42E+01 1.37E-01 0.00E+00

ni63 4003507 6.721E07 6881E-07 7.007E-07 7.743E-07 1.066E-06 244E-06 309E-06 555505 2.33E:01 3235+01 267E-01

Nnb 93m 2.221E-06 3.727E-06 381 7E-06 3886E-06 4.294E-06 5.914E-06 1.35E-05 1. 71E-05 2.97E-04 9.08E-01 962E+00 L6 7E+0L

mo 93 3697E-086.207E-08 6.355E-08 6471E-08 7.151E-08 9.849E-08 2.26E-07 286E-07 5.16E-06 2.30E-02 5.835+00 203E+01

8179 158403 2659603 2723503 2.773-03 3064503 4216503 96103 119502 1.51F-01 2.17E+01 6 63E-12 000E+00

w181 1495E+002510E+00 2.570E+00 2.616E+00 2.887E+00 3 960E+00 8.77E+00 9.70E+00 2.58E+01 7.87E-04 000E+00 0.00E+00
w183m 3976E+01 2.284E-02 1.507E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 1548E+01 2598E+01 2660E+01 2.707E+01 2.986E+01 4.084E+01 8 86E+01 9.02E+01 7.38E+01 2.08E-08 000E+00 0.00E+00
w187 4066E+01 6822E+01 6.955E+01 6 913E+01 6. 609E+01 5403E+01 1.91E+00 2.01E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 32. Major Contrbutors to Decay Heat Induced in Inner Vertical Target (Zone 77) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1ly 10y 100y 1000y

C 14 7058E-09 9.687E-09 9.799E-09 1.003E-08 1.147E-08 1.837E-08 1.41E-07 1.99E-07 391E-06 996E-04 221E+00 1.35E+01

ar39 937808 1.287E07 1.302E-07 1.332E-07 1.524E-07 2441E-07 1.88E-06 2.64E-06 518505 1.20E-02 2.30E+01 1.54E+01

0060 2.624E-03 3.601E-03 3.643E-03 3.728E-03 4.265E-08 6.820E-03 5.24E-02 7. 31E-02 1. 27E+00 9.94E+01 1.60E+00 0.00E+00

nb 94 2.900E-08 3980E-08 4.026E-08 4.120E-084.714E-08 7.550E-08 5.81E-07 8.1 7E-07 1L61E-054.10E-039.16E+00 6 06E+01
ag108m 3137E07 4.306E:07 4.355E-07 4.456E-07 509907 8 166E-07 6.28E-06 8 83E-06 1. 7304 4.20E-025.76E+01 288E+H00
w181 1622E01 2226501 2.252E-01 2.304E-01 2.633E-01 4.198E-01 3125+00 384E+00 1L.11E+01 1.93E-05 000E+00 0.00E+00
w183m 2.673E+01 1.256E-02 8.181E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
w185 4469E+006.133E+H006.203E+H00 6.345E+H00 7.247E+00 1.153E+01 8. 30E+01 9.50E+01 845E+01 1.36E-09 000E+00 0.00E+00
w187 6677E+01 9.160E+01 9.225E+01 92155+01 9.122E+01 8671 E+01 1.03E+01 1.20E-06 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 33. Major Contributors to Activity Induced in Inner Vertical Target (Zone 82) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 1075506 1118506 1.376E-06 1.590E-06 2.091E-06 5598E-06 7.16E-03 1.81E-02 351E-02 5.62E-02 1. 13501 336E+01

0060 4.836E-04 502904 6.188E-04 7.152E-04 9406504 251 7E-03 3.21E+00 8 06E+00 1.38E+01 6.79E+H00 9.91E-05 000E+00
ni63 1872603 1.947E-03 2 395E-03 2. 769E-03 3.642E-03 9.747E-08 1.25E+01 3.155+01 6 07E+01 9.155+01 998E+01 6 57E+01
Qu64 7.1355+01 741.35+01 9.047E+01 9991 E+01 9.994E+01 9.990E+01 4 84E+01 5.23E-12 000E+00 0.00E+00 0.00E+H00 000E+00
Q66 2.771E+01 25155+01 9.081E+00 1158502 5,581 E-11 1.188E-10 244E-08 4.85E-11 000E+00 0.00E+00 0.00E+H00 0.00E+00
ag110m 123203 1.281F-03 1.576E-03 1.822F-03 2.395E-038 6.396E-03 8 05E+00 1.91E+01 1.46E+01 2.57E-03 1.32E-42 0.00E+00
sh124 1681E-03 1.749E-03 2.151E-03 2 486E-03 3.261E-03 8 654E-03 1.03E+01 2 00E+01 825501 5.19E-17 000E+00 0.00E+00

Table 34. Major Contrbutors to Decay Heat Induced in Inner Veettical Target (Zone 82) for SA1 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

€ 14 938308 1.029E07 1.711E-07 2504E-07 3 298507 8 815E-07 4.29E-04 6.85E-04 2.06E-08 1.44E-02 321E-01 560E+01

0060 2.218F-03 2432E-03 4.046E-03 5920603 7.796E-03 2083502 1. 01E+01 1.60E+01 4.27E+01 9.16E+01 148502 000E+00
ni63 5661F-056.207E-05 1.033E-04 1.511E-04 1.990E-04 5318F-04 259E-01 4.13E-01 1.245+008.135+00 9.81E+01 3 79E+01

u64 3941E+01 431 7E+01 7.1235+01 9.957E+01 9974E+01 9.957E+01 1.84E+01 1.25E-12 000E+00 0.00E+00 0.00E+H00 000E+00
Q66 5641E+01 5.397E+01 2.635E+01 4.252E-02 2.063E-104.366E-10 341E-08 4.28E-11 000E+00 0.00E+00 0.00E+H00 0.00E+00
ag110m 6113503 6.703-03 1115502 1L.631E-02 2.147E-02 5727502 2.74E+01 4.10E+01 488E+01 3. 75502 213540 0.00E+00
sb124 6.632E-037.272E-03 1.210E-02 1.769E-02 2.324E-02 6 160E-02 2 80E+01 341E+01 2.19E+00 6.02E-16 000E+00 000E+00
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Table 35. Major Contributors to Activity Induced in Raiks (Zone 104) for SAL Scenario (in percert)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 4460E-054.521E-064.945E-05 6.284E-065 1.2755-04 2.191E-04 347E-04 5.91E-04 2.86E-08 2.20E-02 366501 L06E+01

or51 8907E+009,029E+00 9.873E+00 1.254E+01 2 530E+H01 4.268E+01 581E+01 551E+01 6.05E-02 7.84E-37 0.00E+00 0.00E+H0
mn54 3573501 3622601 3962501 5034E-01 1.0215+00 1. 7525+00 2.73E+H004.435+00 1L.02E+01 520502 1.77E-32 0.00E+00
mn56 6.024E+01 6.080E+01 6.386E+01 6487E+01 3430E+01 4.659E-01 1.12E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
fe55 1.362+001.381E+00 1.510E+00 1.919E+00 3893E+00 6687E+00 1L05E+01 1.77E+01 6.77E+01 5.31E+01 1L.08E-07 000E+00
0058 1.304E+001.322E+00 1.446E+00 1.837E+00 3.719E+00 6.345E+00 947E+00 1.285+01 2.36E+H00 2.09E-13 0.00E+H00 000E+00
0060 2.719E-01 2.756E-01 3014501 383101 7.772E:01 1.3355+00 2.11E+00 357E+00 1.53E5+01 359E+01 4.35E-03 0.00E+00
ni59 2.127E-04 2.156E-04 2.358E-04 2.997E-04 6.080E-04 1.045E-03 1.65E-03 2.82F-03 1.36E-02 1.05E:01 1. 77E+00567E+01

ni63 2.325E-02 2.357E02 2 578E-02 3276E-02 6.647E-02 1.142E01 1.81F-01 308E-01 1485+00 107E+01 969E+01 6 23E+00

Nnb 93m4.330E-054.389E-05 4.801E-05 6.101F-05 1.238F-04 2.127E-04 3.37E-04 5.75E:04 2.80E-03 2.30E-024.32E-01 L1 7E+01

mo 93 6447E-056.535E-05 7.148E-05 9.083E-05 1.843E-04 316 7/E-04 501E-04 8.55E-04 413603 317E-02 526601 1.42E+01

mo 99 4680E+004.744E+005.180E+00 6525E+00 1.256E+01 1. 787E+01 6.22E+00 2.87E-02 2.85E-38 0.00E+H00 0.00E+00 0.00E+00
£ 99mM4.096E+004.1525+004.5425+005.771E+00 1.1545+01 1.7165+01 6.02E+00 2.78E-02 2.76E-38 0.00E+H00 0.00E+00 0.00E+00

Table 36. Major Contrbuiors to Decay Heat Induced in Rails (Zone 104) for SAL Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.223F-06 1.237E-06 1.322F-06 1.665E-06 5.145E-06 2.840E-05 5.80E-05 8 26E-05 2.65E-04 1.16E-03 1L.OSE+00 2. 90E+01

mn54 1.665E-01 1683601 1.799E-01 2.265E-01 6.996E-01 3856E+00 7.77E+00 1.05E+01 1L60E+01 4.73E-02 859E-31 000E+00
mn56 8429E+01 8484E+01 8.710E+01 8, 766E+01 7.060E+01 3.080E+00 9.56E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe59 2800E-01 2.831E-01 3.026E-01 3808E-01 1.173E+00 6400E+00 1.19E+01 1.185+01 207E-01 5.64E-23 000E+00 0.00E+00
0058m5.132E+005.182E+H005477E+H00 6473E+H00 1.368E+01 1.924E+01 6. 98504 2.75E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 7.305E-01 7.385E-01 7.894E-01 9.937E-01 3.064E+00 1.6795+01 3.23E+01 366E+01 448E+00 2.24E-13 0.00E+H00 000E+00
0060 3921F-01 3964E-01 4.237E-01 5335E:01 1.648E+00 9.098E+00 1.85E+01 2.62E+01 7.45E+01 9.94E+01 6 54E-01 000E+00
ni59 8681E-07 877707 9.382E-07 1.181E-06 3.650E-06 2.015E-06 4.11F-05 586505 1.88E-04 8 21E-04 751 E-01 230E+01

ni63 2.210E-04 2.235E-04 2.389E-04 3008E-04 9.294E-04 5.131F-03 1.05E:02 149E-02 4.76E-02 1.95E-01 959E+01 5.89E+00

nb 98m 6.959E-07 7.036E-07 7.520E-07 9470E-07 2.926E-06 1.615E-05 3.30E-054.70E-05 1.52E-04 708504 7.235-01 1L.87E+01

nb 94 404907 4094E-07 4.376E-07 5510E-07 1.703E-06 9400E-06 1. 92E-05 2.73E-05 8.78E-05 383E-04 350E-01 1L05E+01

mo93 5720507 5.783E-07 6.182E-07 7.785E-07 2406E-06 1.328E-05 2.71E-05 386E-05 1.24E-04 540E-04 486E-01 1.255+01

mo99 1409E+00 1.424E+00 1.520E+00 1.897E+00 5563E+00 2.542E+01 1.14E+01 4.40E-02 2.90E-38 0.00E+H00 0.00E+00 0.00E+00

Table 37. Major Contributors to Activity Induced in Raiks (Zone 105) for SAL Scenario (in percert)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1ly 10y 100y 1000y

cr51 93025+0094425+00 1.034E+01 1.298E+01 2485E+01 3950E+01 5.14E+01 4.525+01 3.61E-02 5.95E-37 0.00E+00 0.00E+H0
mn54 6369501 646501 7.079E-01 8895E-01 1.711E+00 2.767E+004.13E+00 6. 205+00 1.04E+01 6.85E-02 3.38E-32 0.00E+00
mn 56 5.730E+01 5.790E+01 6.090E+01 6.1155+01 3.068E+01 3.927E-01 9.03E-18 0.00E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 2412E+002448E+00 2681E+00 3.369E+00 6482E-+00 1. 049E-+01 1.58E+01 246E+01 6.86E+H01 6.83E+01 2.05E:07 000E+H00
0058 1406E+00 1.427E+00 1.563E+00 1.963E+00 3.770E+00 6.062E5+00 8.64E+00 1.09E+01 1.46E+00 1L64E-13 0.00E+H00 000E+00
0060 2511F-01 2549601 2.791E-01 3507E-01 6.750E-01 1.093E+00 1.655+00 259E+00 8 07E+00 241 E+01 4.31E-03 0.00E+00
ni50 1944F-04 1.973E-04 2161E-04 2.715E-04 5.225E-04 8463E-04 1.28E-03 2.02E-03 7.135-083 6 96E-02 1. 73E+00 548E+01

ni63 2.166E-02 2.198E-02 2407E-02 3025502 582102 9428E-02 142E-01 22501 7.89E-01 7.24E+00 966E+01 6.14E+00

Nnb 983m4.890E-054.963E-05 5435E-05 6.829E-05 1.314E-04 2.129E-04 3.22E-04 509604 1. 7903 1. 73502413501 L10E+01

mo 93 5.748E-05 5834E-05 6.389E-05 8 02805 1.545E-04 2502504 3.78E-04 5.98E-04 2.11E-03 205502 502501 1.34E+01

mo 99 4.785E+004.856E+005.3095+00 6.61.35+00 1.2085+01 1.6195+01 5.39E+00 2.30E-02 1.6/7E-38 0.00E+H00 0.00E+00 0.00E+00
£ 99m4.188E+004.251F+004.655E+00 5.849E+00 1.109E+01 1.555E+01 5.21F+00 2.23E-02 1.61E-38 0.00E+H00 0.00E+00 0.00E+00
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Table 38. Major Contrbuiors to Decay Heat Induced in Rails (Zone 105) for SAL Scenario (in percernt)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.094E-06 1.109E-06 1.195E-06 1.504E-06 4515506 2.286E-05 4.69E-05 65 7E-05 2.10E-04 1.09E-03 985501 2.69+01

mn54 3023501 3064E-01 3302501 4.155E-01 1.247E+00 6.3025+00 1.28E+01 1.70E+01 258E+01 9.09E-02 1.64E-30 0.00E+00
mn56 8166E+01 8.240E+01 8529E+01 8 579E+01 6.713+01 2.686E+00 8.39E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
e 59 2601E-01 2.637E01 2841F-01 3574E-01 1.069E+00 5.352E+00 1.00E+01 9.735+00 1.70E-01 5.55E-23 000E+00 0.00E+00
0058m6.091E+006.166E+006.570E+00 7.761E+00 1.594E+01 2.056E+01 7.50E-04 2.90E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 8022E-01 8.131E-01 8762501 1.102E+00 3303500 1L.660E+01 3 21E+01 3.58E+01 4.355+00 2.61E-13 000E+00 0.00E+00
0060 3689501 3.739E-01 4029501 5071E:01 1.522E+00 7.706E+00 1L.58E+01 2.195+01 6.21E+01 991E+01 6 47E-01 000E+00
ni59 8082E-07 8 192E-07 8828E-07 1.111E-06 3.336E-06 1.689E-06 347E-054.85E-05 1.55E-04 8 09E-04 7.36E-01 2226+01

Nni63 2.097E-04 2.125E-04 2 290E-04 2.882E-04 8.654E-04 4.382E-03 8 99E-03 1.26E-02 4 00E-02 1.96E-01 957E+01 5.80E+00

nb 93m 8 006E-07 8.114E-07 8.744E-07 1.100E-06 3304506 1.673E-05 343E-05481F-05 1.53E-04 7.91E-04 6 92E-01 1.76E+01

nb 94 4.152E-07 4.209E-07 4535E-07 5708507 1.714E-06 8677E-06 1. 78E-05 2495057 97E-054.16E-04 3.77E-01 L11E+01

mo93 5195507 5.266E-07 5.6 7507 7.141E-07 2.144E-06 1.086E-05 223505 3.12E-05 9.97E-06 5.19E-04 464501 1.185+01

mo99 1467E+00 1.487E+00 1.600E+00 1.996E+00 5.687E+00 2.383E+01 1.08E+01 4.07E-02 2.68E-38 0.00E+H00 0.00E+00 0.00E+00

Table 39. Major Contributors to Activity Induced in Dome PFC (Zone 1) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 2095508 4.021E-084.504E-08 4.607E-08 5153508 7444508 2.1 7E-07 2.74E07 387E-06 227E-02 491E+00 1. 98E+01

ar39 1.282F-07 2460507 2.755E-07 2819507 3152507 4.554E-07 1.32E-06 1.68E-06 2.36E-05 1.35E-01 2.355+01 1L.04E+01

0060 9.728E-05 1.867E-04 2091E-04 2.139E-04 2.392E-04 3455E-04 1.00E-03 1.26E-08 1.58E-02 2.83E+01 445E-02 0.00E+00

ni63 1678E-07 322107 3608E-07 3691E-07 4.128E-07 5963507 1.73E-06 2.19E-06 308E-05 1.70E-01 200E+01 1. 7801

nb 9Bm8891E-07 1.706E-06 1.911E-06 1.955E-06 2.187E-06 3 159E-06 9.18F-06 1.16E-05 1.58F-04 6.33E-01 6.82E+00 1L.50E+01

nb91 835908 1.604E-07 1.797E-07 1.838E-07 2.056E-07 2970E-07 8 64E-07 1. 09E-06 1.54E-05 8 96E-02 1. 79E+01 322E+01

mo 93 2.082E-08 3996508447508 4.577E-08 5.120E-08 7.396E-08 21507 2.72E-07 3.85E-06 225502 4 84E+00 1.82E+01

8179 2600E-034.991E-03 559108 5.721F-03 6.399E-08 9 237E-03 2.6 /E-02 330502 328501 6.19E+01 1.61E-11 000E+00

w181 2245E+004.308E+004.826E+004.935E+00 5513500 7. 931E+H00 2.235+01 247E+01 5.14E+01 206508 000E+00 0.00E+00
w183m4503E+01 2.957E-02 2.134E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 7611E+00 1461E+01 1.636E+01 1.673E+01 1L.868E+H01 2679E+01 7.37E+01 7.51E+01 4.80E+01 1.78E-08 000E+00 0.00E+00
w185m 8.352E+00 1.058E+01 2.825E-01 2.785E-10 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w187 36155+016.934E+01 7.733E+01 7.722E+01 7 471E+01 6 407E+01 2.87E+00 3,02E-07 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 40. Major Contrbuiors to Decay Heat Induced in Dome PFC (Zone 1) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2445E-09 3.634E-09 3. 784E-09 3879E-09 4456509 7.271E-09 8 21E-08 1.24E-07 2.14E-06 14703 LO7E+00 1.18E+01

ar39 6615608 9832508 1.024E-07 1.049E-07 1.206E-07 1.967E-07 2.22E-06 335506 5.77E-06 389E-02 2.27E+01 2. 75E+01

0060 5.96/E-04 8 869E-04 9.234E-04 9.466E-04 1.088E-03 1.774E-03 2.00E-02 2.99E-02 457E-01 9.66E+01 5.09E-01 0.00E+00

nb 94 7.083E-09 1.053E-08 1.096E-08 1.124E-08 1.291E-08 2.107E-08 2.38E-07 359507 6.19E-064.27E-03 3.135+00 3.74E+01
ag108m 2.606E-07 3874E-07 4033507 4.135E-07 4.750E-07 7.751E-07 8.75E:06 1.32E:05 2.27E-04 1.49E-01 6.69E+01 6 06E+00
w181 252601 3754501 3909E-01 4.006E-01 4.597E-01 7.469E-01 8 155+00 1.08E+01 2. 735+01 1.29E-04 000E+00 0.00E+00
w183m 3.139E+01 1.597E-02 1.071E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 2279E+003.388E+00 3527E+003614E+004.145E+00 6.716E+H00 7.17E+01 8.72E+01 6 81E+01 2.97E-09 000E+00 0.00E+00
w187 6.156E+01 9.146E+01 9481F+01 9488E+01 9430E+01 9.1:33E+01 1.59E+01 1.99E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 41. Major Contributors to Activity Induced in Dome PFC (Zone 2) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y
ni63 3631E-033.787E-034.722E-035872E-03 7.764E-03 2030E-02 2 59E+01 6.38E5+01 8 56E+H01 955E+01 9. 99E+01 994E+01
cu62 1547E+01 1.503F+01 9.854E+00 3450E-01 2.273E-10 1.974E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H0

Q64 6481E+01 6.754E+01 8.3525+01 9.9245+01 9.981E+01 9.986E+01 4.71E+01 4.96E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Qu66 1.853E+01 1.687E+01 6.1 73+00 8.465E-03 3010E-09 6 416E-09 1.28F-06 2.48E-09 0.00E+00 0.00E+H00 0.00E+H00 0.00E+00
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Table 42. Major Contrbuiors to Decay Heat Induced in Dome PFC (Zone 2) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

0060 4.307E-044.816E-04 8044504 1.743E-03 2.373E-03 6.363E-03 388E+H00 9. 24E+00 358E+01 6.135+01 215503 000E+00
ni63 7.647E-058551E-05 1.428E-04 3095E-04 4213604 1.130E-08 6 91E-01 1.66E+00 7.19E+00 3 79E+01 9.93E+01 941E+01
Qu62 4.3435+01 45226+01 3972E+01 24245+00 1.644E-09 1.429E-42 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
64 2494E+01 2.786E+01 4.6155+01 9.556E+01 9.894E+01 9 911 E+01 2 29E+01 2.35E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Qu66 2.628E+01 2565E+01 1.257E+01 3.004E-02 1.100E-08 2.347E-08 2.30E-06 4.34E-09 0.00E+00 0.00E+H00 0.00E+H00 0.00E+00
as74 298503 3282608 5481503 1186502 1.602E-024.172E-02 202E+01 1.945+01 1.77E-04 0.00E+00 0.00E+00 000E+00
ag110m 1.371E-03 1.533E03 256103 5549603 7.549E-03 202102 1. 22E+01 2.735+01 4.72E+01 2.90E-02 35841 0.00E+H00
sb124 1.993E-08 2.229E-03 3.722E-03 8.064E-03 1.095E-02 2.912F-02 1. 66E+01 3065E+01 2.84E+00 6 23E-16 000E+H00 000E+00

Table 43. Major Contributors to Activity Induced in Dome Body (Zone 4) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Nni63 2.200E-03 2.286E-03 2803E-03 3:330E-03 4.390E-03 1.176E-02 1.64E+01 501E+01 7.97E+01 953E+01 1. 00E+02 9.96E+01
64 69525+01 7.2145+01 8.7745+01 9961 E5+01 9.988E+01 9.988E+01 5.28E+01 6.89E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Q66 2218F+01 2011E+01 7.236E+00 9481 E-038 1.369E-09 2.917E-09 6 54E-07 1.57E-09 0.00E+00 0.00E+H00 0.00E+H00 0.00E+00
ag110m 5.667E-04 5886E-04 7.217E:04 857504 1.130E-083 3019E-03 4.155+00 1.195+01 7.50E+00 L05E-03 5.17E43 0.00E+00
sh124 1025503 1.065E-03 1.305E-03 1.550E-03 2 039E-03 5413E-03 7.06E+00 1.65E+01 562E-01 2.80E-17 000E+00 0.00E+H0

Table 44. Major Contrbutors to Decay Heat Induced in Dome Body (Zone 4) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

0060 5803504 6.337E-04 1.042E-03 1.831E-03 2447508 6 549E-03 4.14E+00 9.04E+00 3 26E+01 742E5+01 390E-03 000E+00
ni63 5670E-056.192E-05 1 018E-04 1.789E-04 2.391F-04 6401E-04 4.05E-01 893E-01 361E+00 2 52E+01 992F+01 944E+01

Q62 2624+01 2.6685+01 2.307E+01 1.141E+00 7.601E-10 6.596E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
Qu64 32725+01 3570E+01 5.8226+01 9.774E+01 9.936E+01 9.935E+01 2. 38E+01 2.24E-12 000E+00 0.00E+00 0.00E+H00 000E+00
Qu66 3848E+01 3667/E+01 1.770E+01 3429E-02 5021E-09 1.069E-08 1.09E-06 1.88E-09 0.00E+00 0.00E+00 0.00EH00 0.00E+00
ag110m 2.396E-03 2.617E-03 4.302E-03 7.559E-03 1.010E-02 2.698E-02 1. 68E+01 347E+01 558E+01 4.55E-02 842E-41 0.00E+00
sb122 949203 1.036E-02 1.701E-02 2.962E-02 3.753E-02 8 290E-02 1.13E+01 6 06E-02 1.19E-38 000E+00 0.00E+00 0.00E+00
sh124 344503 3.762E-03 6.185E-03 1.086E-02 1.449E-02 3845E-02 2. 27E+01 383E+01 3:32E+00 9.68E-16 000E+H00 0.00E+00

Table 45. Major Contributors to Adtivity Induced in Dome Body (Zone 7) for V5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2373505 2424E-06 2.619E-05 3.196E-06 6 510E-05 1.110E-04 1.50E-04 253604 1.75E-08 1.78E-02 29901 1L155+01

or51 1438E+01 1468E+01 1.586E+01 1.934E+01 3919E+01 6.557E+01 7.62E5+01 7.14E+01 1.13E-01 1.93E-36 0.00E+00 0.00E+H0
mn 56 64135+01 6520E+01 6.76/E+01 6.600E+01 3.504E+01 4.720E-01 9.69E-18 000E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 1.280E+00 1.308E+00 1413E+00 1.724E+00 3 512E+00 5.984E-+00 8 04E+00 1.33E+01 7.34E+01 7.60E+01 1.56E-07 000E+00
0060 6427E-026.564E-02 7.093E-02 8 655E-02 1. 763E-01 3004E-01 405501 6.77E-01 4.16E+00 1.295+01 1.58E-03 000E+00

ni59 1.235E-04 126104 1.363E-04 1663504 3.388E:04 5.775E-04 7.80E:04 1.31E-03 9.12E-03 9 28E-02 1. 58E+00 6 69E+01

ni63 1526502 1.558E-02 1.684E-02 2.065E-02 4.186E-02 7.135-02 9.63E-02 1.62E-01 1.125+00 1 07E+01 9.76E+01 8 31E+00

Table 46. Major Contrbutors to Decay Heat Induced in Dome Body (Zone 7) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 6009E-07 6.266E-07 6.762E-07 8443E-07 2.691E-06 2.047E-05 5.12E-06 7.68E-06 384E-04 256E-03 863501 36/E+01

ar51 273401 2.851F01 3.077E01 3838E-01 1.217E+H00 9.085E+00 1.96E5+01 1L.63E+01 1.85E-02 2.09E-37 0.00E+00 0.00E+H0
mn54 122001 1.282E-01 1.383501 1.727E:01 5501501 4.178E+00 1L.03E+01 147E+01 349E+01 1.58E-01 106E-30 000E+00
mn56 8281E+01 8597E+01 8 911E+01 8892E+01 7.388E+01 4.441E+00 1.69E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
259 1623E-01 1.693E-01 1.826E-01 2.279E-01 7.242E-01 5444E+00 1.24E+01 1.29E+01 354E-01 1.48E-22 0.00E+H00 0.00E+00
0058m5818E+006.060E+H00 6465E+00 7.577E+00 1.652E+01 3202E+01 1.42E-03 5.91E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 4040E-01 421301 4547E-01 567501 1.8065+00 1.363E+01 3.22E+01 384E+01 7.31E+00 561 E-13 0.00EH00 0.00E+00
0060 8554E-02 8.920E-02 9.626E-02 1.202E-01 3831E-01 2.913+00 7.27E+00 1.08E+01 4.80E+01 9.80E+01 240E-01 0.00E+00
ni59 4652607 485107 5.235E-07 6.537E-07 2.084E-06 1.585E-06 397E-05 595505 29804 1.99E-03 6.76E-01 3.185+01

ni63 1.339E-04 1.396E-04 1.506E-04 1.881E-04 5.995E-04 4. 560E-03 1.14E-02 1.71E-02 8 51E-02 5.34E-01 9.75E+01 920E+00

mo99 6509E-016.787E-01 7.312E-01 9.050E-01 2.737E+00 1.723E+01 949E+00 3 85E-02 3.95E-38 0.00E+H00 0.00E+00 0.00E+00
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Table47. Major Contributors i Adivity Induced in Central Body (Zone 16) for M5 Scenario (in peroent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2.367E05 2401E-06 2580E-05 3.171E-05 6.647E-05 1.164E-04 1.63E-04 286E-04 243E-083 215502 300501 L17E+01

or51 1.369E+01 1.389E+01 1492E+01 1.832E+01 3821E+H01 6.566E+01 7.90E+01 7.72E+01 1.49E-01 2.22E-36 0.00E+00 0.00E+H00
mn 56 6.659E+01 6.7245+01 6.9425+01 6.8185+01 3.7255+01 5.155E-01 1.10E-17 000E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 9648E-01 9.786E-01 1.052E+00 1.293E+00 2. 709E+004.742E+00 6.61E+00 1.14E+01 7.70E+01 6 94E+01 1.18E-07 000E+00
0060 7.121E-02 7222E027.763E-02 9540E-02 2000E-01 3501E-01 489E-01 8 51E-01 642E+00 1L.74E+01 1.76E-03 000E+00

ni59 1.239E-04 1.257E-04 1.351F-04 1. 660E-04 348004 6094E-04 8 53E-04 1.50E-03 1.27E-02 1.13E:01 1 59E+006.85E+01

ni63 152102 1.543E-02 1.658E-02 2.038E-02 4.272E-02 7A80E-02 1.05E-01 1.84E-01 1.555+00 1.20E+01 9.77E+01 846E+00

mo 99 2.790E+00 2.829E+00 3.036E+00 3.699E+00 7.356E+00 1.066E+01 3.28E+00 1.56E-02 2.73E-38 0.00E+H00 0.00E+00 0.00E+00
£ 99mM 2451E+00 2486E+00 2.6725+00 3 282E+00 6.7 70E+00 1.024E+01 3.18E+00 1.51E-02 2.64E-38 0.00E+H00 0.00E+00 0.00E+00

Table 48. Major Contributors to Decay Heat Induced in Central Body (Zone 16) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 6.140E:07 6.270E-07 6.698E-07 8.393E-07 2.800E-06 244 7E-05 5.96E-05 9.60E-05 4 61E-04 2.32E-03 8 65501 3.74E+01

ar51 2668501 2.725E-01 2910501 3643E-01 1.209E+00 1.037E+01 2.1 7E+01 1.955+01 2.12E-02 1.80E-37 0.00E+00 0.00E+H0

mn 54 6598E-026.738E-02 7.198E-02 9.018E-02 3.007E-01 2.623E+00 6.31E+00 9.64E+00 2.20E+01 7.50E-02 5.60E-31 000E+00
mn56 8811E+01 8 958E+01 9.191E+01 9.204E+01 8, 002E+01 5.527E+00 2.05E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe59 1788E-01 1.826E-01 1.951F-01 2443E-01 8.122E-01 7.016E+00 1. 56E+01 1.74E+01 458E-01 1. 44E-22 0.00E+H00 0.00E+00
0058m 3641E+00 3.714E+00 3922E+004.613E+00 1.053E+01 2.344E+01 1.025-03 4.52E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 2.642F-01 2.699E-01 2.883E-01 3611F-01 1.202E+00 1.043E+01 240E+01 307E+01 5.60E+00 3.25E-13 0.00E+H00 000E+00
0060 9.710E-029.917E-02 1.069E-01 1.327E-01 4427E-01 3868E+00 941E+00 1.50E+01 6.39E+01 9.865+01 2.66E-01 0.00E+00
ni59 4.783E-07 4.884E-07 5218E-07 653807 2.181F-06 1.906E-065 4.65E-05 748E-05 359E-04 1L.81E-03681E-01 326E+01

ni63 1.367E-04 1.396E-04 1.492E-04 1.869E-04 6.234F-04 5448E-03 1.33E:02 2.14E-02 1.02E-01 483E:01 9.76E+01 9.37E+00

mo99 7.943E-01 8.110E-01 8 650E-01 1.074E+00 3400E+00 2459E+01 1.32E+01 5.74E-02 5.66E-38 0.00E+00 0.00E+00 000E+00

Table 49. Major Contributors to Adtivity Induced in VWings (Zone 24) for V5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

ni63 3009503 368203 4437E-03 5.308E-03 6.731E-03 1.465E-02 1.04E-01 1.32F-01 1.935+00 9. 51E+01 999E+01 990E+01

Q62 1.2865+01 1.465E+019.287E+00 312801 1.976E-10 1.394E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H00 000E+00
64 45165+01 55235+01 6.600E+01 7.544E+01 7.277/E+01 5.9155+01 1.59E-01 8.61E-15 0.00E+00 0.00E+00 000E+00 0.00E+00
Qu66 1.030E+01 1.100E+01 3.890E+005.131E-03 2.855E-09 4.944E-09 5.64E-09 5.60E-12 0.00E+00 0.00E+00 0.00E+H00 0.00E+00
w181 5532601 6.771E-01 8.159E-01 9.759E-01 1.236E+00 2.679E+00 1.84E+01 2.04E+01 443E+01 1.58E-06 000E+00 0.00E+00
w183m 1.516E+01 6.350E-03 4.928E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 2.399E+002936E+00 3 538E+004.231E+00 5.355E+00 1.158E+01 7.79E+01 7.93E+01 5.30E+01 1.76E-10 000E+00 0.00E+00
w187 1083E+01 1.324E+01 1.589E+01 1.855E+01 2.035E+01 2.630E+01 2.88E+00 3.03E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 50. Major Contributors to Decay Heat Induced in Wings (Zone 24) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

0060 3417E-04 3916E-04 5949E-04 1.082E-03 1.385E-03 2.952F-03 6.20E-02 9.18E-02 1.44E+00 563E+01 1.77E-03000E+00

ni63 7.374E-05 845105 1.284F-04 2.334E-04 2.990E-04 6 374E-04 1.34E-02 200502 3 52501 4. 23E+01 993E+01 9.14E+01

Q62 4.200E+01 4482E+01 3581E+01 1.833E+00 1.1.70E-09 8,082E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
au64 20225+01 2.3155+01 3489E+01 6.061E+01 5.906E+01 4.700E+01 3.74E-01 2.39E-14 0.00E+00 0.00E+00 000E+00 0.00E+00
Qu66 1.699E+01 1.699E+01 7.579E+00 1.519E-02 8 540E-09 1.448E-08 4.89E-08 5.74E-11 000E+00 0.00E+H00 0.00E+H00 0.00E+00
w181 3.774E02 4325502657102 1.194E-01 1.528E-01 3.243E-01 6 59E5+00 8.62E+00 2.24E+01 1.96E-05 000E+00 0.00E+00
w185 4355601 4992501 7.583E-01 1.378E+00 1.762E+00 3.730E+00 7.42E+01 8 93E+01 7.155+01 5.78E-10 0.00E+H00 000E+00
w187 11185+01 1.280E+01 1.937E+01 3437E+01 3809E+01 4.819E+01 1.56E+01 1.94E-06 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 51. Major Contributors to Adtivity Induced in WWings (Zone 26) for V5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1ly 10y 100y 1000y

Nni63 3044503 372903 4.526E-03 545203 6.904E-03 1.490E-02 9.88E-02 1.25E-01 1.855+00 9. 50E+01 999E+01 990E+01

Q62 1.342+01 1531E+01 9.771E+00 3314501 2.091E-10 1.462E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H00 000E+00
64 4407E+01 5.3955+01 6494E+01 7.4735+01 7.198E+01 5.802E+01 1.46E-01 7.86E-15 0.00E+00 0.00E+00 000E+00 0.00E+00
Qu66 1.058E+01 1.1325+01 4.031E+00 5.354E-03 301509 5.176E-09 551 E-09 546E-12 000E+00 0.00E+H00 0.00E+H00 000E+00
w181 5.719E01 7.008E-01 8 506E-01 1.024E+00 1.2955+00 2.784E+00 1.78E+01 1.97E+01 4.34E+01 1.61E-05 0.00EH00 000E+00
w183m 1.514E+01 6.348E-03 4.962E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 2586E+003.169E+00 3 846E+004.631E+00 5.853E+00 1.255E+01 7.87E+01 800E+01 541E+01 1.87E-10 000E+00 0.00E+00
w187 1080E+01 1.322E+01 1.598E+01 1.879E+01 2.058E+01 2.636E+01 2.69E+00 2.83E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 52. Major Contributors to Decay Heat Induced in Wings (Zone 26) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

0060 3605E-044.131E-04 6.335E-04 1.179E-03 1.510E-08 3 205E-03 6.28E-02 920602 1.45E+00 5.78E+01 1.88E-03 000E+00

ni63 7.321E-058.390E-05 1.287E-04 2.394E-04 306804 6 511E-04 1.28E-02 1. 89E-02 3.33E-01 4.08E+01 993E+01 9.12E+01

Qu62 4.301E+01 45895+01 3. 701E+01 1.939E+00 1.238E-09 8 516E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
Qu64 1.986E+01 221 7E+01 3.372E5+01 5.994E+01 5.843E+01 4.631E+01 344E-01 2.17E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Q66 1.7145+01 1.7145+01 7.7145+00 1.583E-02 9.019E-09 1.523E-08 4.80E-08 557E-11 000E+00 0.00E+00 0.00EH00 0.00E+00
w181 3829E024.387E026.728E-02 1.251E-01 1.602E-01 3.386E-01 6 435+00 8.30E+00 2.1 7E+01 1.93E-05 000E+00 0.00E+00
w185 460801 5280501 8097E-01 1.506E+00 1.926E+00 4.060E+00 7.55E+01 8 97E+01 7.22E+01 5.94E-10 0.00E+00 000E+00
w187 1094E+01 1.253E+01 1.913E+01 3475E+01 3852E+01 4.853E+01 1.47E+01 1.80E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 53. Major Contrbutors to Adtivity Induced in Outer Leg (Zone 41) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2421E-05 2448506 2.620E-05 3224E-06 6.821E-05 1.201E-04 1.70E-04 3.06E-04 301E-083 240E-02 29901 1L195+01

or51 13755+01 1.3915+01 1488E+01 1.830E+01 3851E+01 6.653E+01 8.11+01 8 10E+01 1.81F-01 2.44E-36 0.00E+00 0.00E+H0
mnS56 6.7785+01 6.824E+01 7.0155+01 6.899E+01 3.804E+01 5.291E-01 1.14E-17 000E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 8419601 8514E-01 9.112F-01 1.121E+002.372E+004.172E+00 589E+00 1L0O4E+01 8 11E+01 6.62E+01 1 01E-07 0.00E+00
0060 7.160E-02 724102 7.750E-02 9.536E-02 201 7E-01 3550E-01 502E-01 8 4E-01 7.80E+00 1L91E+01 1.72E-03 000E+00

ni59 1272604 128704 1.377E-04 1.695E-04 3585E-04 6.310E-04 8 94E-04 1. 61E-03 1.58E-02 1.27E-01 1 59E+00697E+01

ni63 156002 1.578E-02 1.689E-02 2.078E-02 4.396E-02 7.738E-02 1.10E-01 1.97E-01 1.925+00 1.45E+01 9.78E+01 859E+00
mo99 2.984E+00 3 017E+00 3 224E+00 3 933E+00 7.895E+00 1.150E+01 359E+00 1.74E-02 3 52E-38 0.00E+H00 0.00E+00 0.00E+00
£ 99m 2.622+00 2.651F+00 2.837E+00 3490E+00 7.265E5+00 1.1065+01 347E+00 1L.69E-02 341E-38 0.00E+H00 0.00E+00 0.00E+00

Table 54. Major Contributors to Decay Heat Induced in Outer Leg (Zone 41) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 6367E07 6452E-07 6.854E-07 860607 2.952E-06 2.847E-05 6.76E-05 1.15E-04 547E-04 2.36E-03 8 63501 382E+01

cr51 2717501 2753501 2924801 3669501 1.2525+00 1.1855+01 242E+01 2.295+01 247E-02 1.80E-37 000E+H00 000E+0
mn54 3447602 349302 3.711E-02 4.659E-02 1.597E-01 1.538E+00 3 60E+00 582E+00 1.325+01 385E-02 2.82E-31 000E+00
mn56 9091E+01 9.171E+01 9.357E+01 9.390E+01 8.395E+01 6.399E+00 2.31E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe59 1888E-01 191301 203301 2551E-01 8.721E-01 8.314E+00 1.80E+01 2.12F+01 553E-01 1.50E-22 0.00E+H00 0.00E+00
0058m 226 7E+00 2.294E+00 2409E+00 2.840E+00 6. 662E+00 1.637E+01 6 90E-04 3 25E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 1.788E-01 1.811F-01 1.924E-01 2415E-01 8268501 7.917E+00 1.77E+01 2 40E+01 4.34E+00 2.16E-13 000E+00 0.00E+00
0060 9:898E-02 1.003E-01 1.065E-01 1.338E-01 4588501 44255+00 1.065+01 1.77E+01 746E+01 9.87E+01 261E-01 0.00E+00
ni59 4.978E-07 5.044E-07 5.359E-07 6.728E-07 2.308E-:06 2.226E-05 5.28E-05 8 99E-05 4.28E-04 1.85E:03682E-01 3.34E+01

Nni63 1422604 1441F-04 1530E-04 1.922E-04 6.591E-04 6.357E-03 L51E-02 257E:02 1. 21E-01 49301 9.77E+01 958E+H00

mo99 8613E-018.726E-01 9255501 1.152E+00 3.749E+00 2.993E+01 1.56E+01 7.19E-02 7.08E-38 0.00E+00 0.00E+00 000E+00

Table 55. Major Contrbutors to Adtivity Induced in Inner Leg (Zone 60) for M5 Scenario (in percert)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2418E-05 2442E-06 2611E-05 32208065 6.864E-05 1.213E-04 1. 73604 314E-04 3 26E-083 246E-02 298501 1L185+01

or51 1.3755+01 1.389E+01 1485E+01 1.829E+01 3879E+01 6.727E+01 8 25E+01 8 33E+01 1.97E-01 2.50E-36 0.00E+00 0.00E+H0
mn 56 6.844E+01 6.884E+01 7.0685+01 6.966E+01 3.871E+01 5406501 1.17E-17 000E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
fe55 8030E-01 811201 8672E-01 1. 069E+00 2.279E+004.025E+00 5.71E+00 1L.02E+01 8 41E+01 647E+01 9 56E-08 0.00E+00
0060 7.390E-02 7466E-02 7.981E-02 9.841E-02 2098501 3706E-01 5.27E-01 9.50E-01 8.75E+00 2025+01 1.77E-03 000E+00

ni59 1.281F-04 1294F-041.383E-04 1.706E-04 363 7E:04 6426E-04 9 16E-04 1.66E-03 1.735-02 1.31E:01 1. 59E+00 7.00E+01

ni63 1.567E-02 1.583E-02 1.693E-02 2.087E-02 4450E-02 7.863E-02 1.12E-01 2.04E-01 2.10E+00 1.49E+01 9.78E+01 861E+00

mo 99 3 058E+00 3 088E+00 3 296E+00 4.029E+00 8.150E+00 1.192E+01 3. 74E+00 1.84E-02 3.92E-38 0.00E+H00 0.00E+00 0.00E+00
£ 99mM 2.686E+002.714E+00 2.901E+00 35755+00 7.501E+00 1.1455+01 3.62E+00 1.78E-02 380E-38 0.00E+H00 0.00E+00 0.00E+00
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Table 56. Major Contributors to Decay Heat Induced in Innex Leg (Zone 60) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 6416E-07 6484E-07 6.872E-07 8.646E-07 3.036E-06 3 230E-05 748E-06 1.34E-04 5.04E-04 2. 20E-03 85801 381E+01

ar51 2.741E01 2.770E01 2935501 3690E-01 1.289E+00 1.346E+01 2.68E+01 2.67E+01 2.69E-02 1. 75E-37 0.00E+00 0.00E+H0

mn 56 9263E5+01 9.320E+01 9487E+01 9.540E+01 8.730E+01 7.3425+00 2.58E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe59 1926E-01 1.947E-01 2063E-01 2.594E-01 9.080E-01 9. 550E+00 2 01E+01 2.50E+01 6.09E-01 1.47E-22 0.00E+H00 0.00E+00

0058 9.325E-02 942302 9.987E-02 1.256E-01 4401E-01 4.649E+00 1.01E5+01 1.44E+01 244E+00 1.08E-13000E+00 0.00E+00
0060 1031F-01 1.042E-01 1.104E01 1.389E-01 487 7E01 5.188E+00 1.20E+01 2.135+01 8 37E+01 9.88E+01 2.69E-01 0.00E+00
ni59 5058507 511107 5417E-07 6816E-07 2.393E-06 2.546E-05 5.89E-05 1.06E-04 46904 1.81F-03 6 84E-01 335+01

ni63 1441E-04 1456E-04 1.544E-04 1. 942E-04 6.819E-04 7.256E-03 1.68E-02 300E-02 1.335-01 481E:01 9.77E+01 961E+00

mo99 8905501 8.997E-01 9521E-01 1.187E+00 3956E+00 3484E+01 1.77E+01 8 58E-02 7.83E-38 0.00E+00 0.00E+00 000E+00

Table 57. Major Contrbuiors to Activity Induced in Outer Vertical Target (Zone 67) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 1.691F-08 3450E-08 3 816E-08 3.901E-08 4.362E-08 6.291E-08 1.80E-07 2.27E-07 3.36E-06 1.96E-024.71E+00 1.87E+01

ar39 1.087E07 2216507 2452507 2507E-07 2802507 4042507 1.16E-06 146506 215505 1.23E-01 2.37E+01 1L.03E+01

0060 1161F-04 2.367E-04 2.619E-04 2.678E-04 2993504 4.316E-04 1.23E-03 1.54E-03 2.02E-02 361E+01 6.29E-02 0.00E+00

ni63 1.375E-07 2805607 3103507 317307 3547E-07 5116507 147E-06 185506 2.71E-05 149501 194E+01 1. 71E-01

nb98m 742307 1.514E-06 1.675E-06 1.713E-06 1.914E-06 2. 761E-06 7.91E-06 9.95E-06 1.41E-04 5,66E-01 7.14E+00 1L60E+0L
nb91 6877E08 1403507 1552607 1.587E-07 1.77AE-07 2.559E-07 7.33E-07 925607 1.36E-05 7.89E-02 1.755+01 309E+01

mo 93 1.906E-08 3.887E-08 4.300E-08 4.396E-08 4.915E-08 7.089E-08 20307 256507 3.79E-06 2.20E-02 5.26E+00 1. 95E+01

8179 2167E-034.420E-03 4.890E-03 5001E-03 5.591E-08 8 068503 2.30E-02 2.82E-02 294E-01 551E+01 1.59E-11 000E+00

w181 1.920E+003916E+004.331E+004.427E+H004.944E+00 7.100E+00 1.97E+01 2.17E+01 4.72E+01 1.88E-03 000E+00 0.00E+00
w183m4.857E+01 3.391E-02 2.416E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
w185 7.700E+00 1571E+01 1.737E+01 1.776E+01 1.981E+01 2.838E+01 7.70E+01 7.81E+01 522E+01 1.93E-08 000E+00 0.00E+00
w187 3442E+01 7018E+01 7.729E+01 7.714E+01 7 461E+01 6.387E+01 2.825+00 2.96E-07 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 58. Major Contribuiors to Decay Heat Induced in Outer Veertical Target (Zone 67) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

€ 14 2.000E-09 3.098E-09 3 212F-09 3.292E-09 3782509 6.169E-09 6.82E-08 1.01E-07 1.79E-06 1.01E-03 99101 1.04E+01

ar39 568208 8803508 9.128E-08 9.355E-08 1.075E-07 1.753E-07 1.94E-06 287E-06 5.07E-06 2.79E-02 2.20E+01 253E+01

0060 7.214E-04 1.118E-03 1.1595-03 1.188E-03 1.364E-03 2.225E-03 245E-02 3.60E-02 5.66E-01 9.76E+01 6.96E-01 0.00E+00

nb94 7.559E-09 1.171E-08 1.214E-08 1.244F-08 1.430E-08 2.332E-08 2.58E-07 381E-07 6.76E-06 381E-03 3.78E+004.27E+01
ag108m 2.303E07 3568E:07 3.700E-07 3.792E-07 4.356E-07 7.106E-07 7.85E-06 1.16E-05 2.05E-04 1.10E-01 6.69E+01 5.73E+H00
w181 218901 3391E-01 3515601 3602501 4.133E-01 6.713E-01 7.17E+00 9 28E+00 242E+01 9.31E-05 000E+00 0.00E+00
w183m 3432E+01 1.819E-02 1.215E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 2.337E+003620E+00 3.753E+00 3 845E+H004409E+00 7.142E+00 7 47E+01 8 S0E+01 7.14E+01 254E-09 000E+00 0.00E+00
w187 5940E+01 9.198E+01 9496E+01 9.501E+01 9.442E+01 9,141 F+01 1.56E+01 1.91F-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 59. Major Contrbutors to Activity Induced in Outer Vertical Target (Zone 68) for M5 Scenario (in peroent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.925E-08 3939508 4.320E-08 4415E-08 4.934E-08 7.103E-08 202E-07 255607 389506 2.32E-02 550E+00 213E+01

ar39 1056607 2161507 2370507 2423607 2.707E-07 3897E-07 1.11E-06 140506 213505 1.24E-01 2.365+01 1L.00E+01

0060 1.209E-04 247404 2.7135:04 2.773E-04 3098504 4459E-04 1.27E-03 1.59E-08 2.14E-02 391E+01 6.73E-02 0.00E+00

ni63 1442607 2.950E-07 3.236E-07 3:307E-07 3696E:07 5320507 151F-06 1.91E-06 289E-05 1.62E:01 209E+01 1.79E-01

Nnb 93m 8.236E-07 1.685E-06 1.848E-06 1.889E-06 2.111F-06 3 038E-06 8.63F-06 1.09E-05 1.60E-04 6.53E-01 7.76E+00 1.65E+01
nb91 6,030E-08 1.234E-07 1.353E-07 1.383E-07 1.546E-07 2.225E-07 6.33E-07 800E-07 1.22E-05 720602 1. 58E+01 2.72E+01

mo 93 1.955E-084.000E-08 4.388E-08 4484E-08 5.011E-08 7. 214E-08 205E-07 259E-07 3.95E-06 2.35E-02 5,54E+00 200E+01

8179 1.989E-034.070E-03 4464E-03 4.564E-03 5100503 7.337E03 207E-02 256502 2. 7501 5.27E+01 1.50E-11 000E+00

w181 1.769E+003620E+003.970E+004.057E+004.528E+00 6 490E+00 1.785+01 1.97E+01 4425+01 1.80E-03 000E+00 0.00E+00
w183m4.892E+01 3 426E-02 2.420E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 8008E+00 1638E+01 1.797E+01 1L.836E+01 2048E+01 2927E+01 7.87E+01 8, 01E+01 5.535+01 2.08E-08 000E+00 0.00E+00
w187 3451E+01 7.05/E+01 7.707E+01 7.689E+01 7433E+01 6.351E+01 2.78E+00 2.92E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 60. Major Contributors to Decay Heat Induced in Outer Veertical Target (Zone 68) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 227209 3526509 3646E-09 3.736E-09 429109 6.990E-09 7.57E-08 1.12E-07 203506 110503 L17E+00 1 11E+01

ar39 5515608 8.557E-08 8 848E-08 9.067/E-08 1.041E-07 1.696E-07 1.84E-06 2.72E-06 4 92E-06 261E-02 2.235+01 2.32E+01

0060 7502504 1.164E-03 1.204E-03 1.233E03 1416503 2.307E-03 249E-02 3.66E-02 5.88E-01 9.78E+01 7.55E-01 0.00E+00

nb 94 8,652F-09 1.343F-08 1.388E-08 1.422F-08 1.634E-08 2661E-08 2.88E-07 426507 7.735-06 4 21E-03 4 51E+00 4. 62E+01
ag108m 2163507 3357E07 3471E07 3557E-07 4085507 6. 654E-07 7.20E-06 1.07E-05 1.92E-04 9.96E-02 6.56E+01 509E+00
w181 2014E-01 3124501 3231E-01 3310501 3.797E-01 6.158E-01 6 44E+00 8 34E+00 2. 23E+01 8 27E-05 000E+00 0.00E+00
w183m 3451E+01 1.832E-02 1.220E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 2426E+003.764E+00 3 892E+00 3987E+H004.5/0E+00 7.393E+00 7.57E+01 9.02E+01 740E+01 2.55E-09 000E+00 0.00E+00
w187 5945E+01 9.221E+01 9493E+01 9495E+01 9434E+01 9.122F+01 1.52E+01 1.87E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 61. Major Contrbutors to Activity Induced in Outer Vertical Target (Zone 73) for M5 Scenario (in peroent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 3417E07 3566507 4.323E-07 5037E-07 6.633E-07 1.776E-06 2.79E-03 9.80E-08 1.53E-02 200E-024.105-02 LAAE+0L

ni63 1642603 1.714E-03 2077E-03 2421E-03 3.188E-03 8 535E-03 1.34E+01 4.71E+01 7.32E+01 900E+01 998E+01 8 32E+01
Qu64 7.1485+01 74525+01 8 961E+01 9.9755+01 9.992E+01 9.9915+01 5.93E+01 8 92E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Q66 2.284E+01 2.080E+01 7.402E+009510E-03 7.591E-10 1.617E-09 4.07E-07 1.12E-09 000E+00 0.00E+00 0.00E+H00 0.00E+00
ag110m 4293504 4.480E-04 5432504 6.328E-04 8 328E-04 2.225E-03 343E+00 1.135+01 7.00E+00 1L.00E-03 5.24E-43 0.00E+00
sh124 7 440E-047.763E-04 9411E-04 1.096E-03 1.440E-03 3822F-03 5.60E+00 1. 50E+01 50201 2.58E-17 000E+00 0.00E+H0

Table 62. Major Contributors to Decay Heat Induced in Outer Vextical Target (Zone 73) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

be 10 7.731E-09 9.074E-09 1.469E-08 2.341F-08 3 109E-08 8 322F-08 6. 67E-05 1.58E-04 5.91E-04 4 0AE-03 353502 1L.02E+01

C 14 2597E08 3.049E-08 4. 934E-08 7.865E-08 1.044E-07 2.796E-07 2.24E-04 5.32E-04 1.99E-03 1.36E-02 1L.17E01 304E+01

0060 5555504 6.520E-04 1.065E-03 1.682E-03 2233503 5.977E-034.78E+00 1.125+01 3.73E+01 7.79E+01 489E-03 000E+00
Nni63 4.324E-055.076E-05 8.215E-05 1.309E-04 1.739E:04 4.655E-04 3 73E:01 885501 320E+00 2 11E+01 990E+01 5,68E+01

cu62 1.5955+01 1.7435+01 1.4835+01 6.658E-01 4.405E-10 3.822E-43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+H00 000E+00
Qu64 3438E+014.032E+01 6472E+01 9.857E+01 9.956E+01 9.953E+01 3 02E+01 3 06E-12 0.00E+00 0.00E+00 0.00E+H00 000E+00
Qu66 4.060E+014.1485+01 1.971E+01 3464E-02 2.788E-09 5.937E-09 7.63E-07 1.42E-09 000E+00 0.00E+00 0.00E+H00 0.00E+00
ag110m 1.856E-03 2.178E-03 3525503 5618E-03 7456503 1.9926-02 1.57E+01 349E+01 5.155+01 387E-02 8 53541 0.00E+H00
sh122 7566E-088.879E-03 1435502 2.267E-02 2.853F-02 6,301 E-02 1.08E+01 6.28E-02 1.13E-38 000E+00 0.00E+00 0.00E+00
sh124 2556E-03 300003 4.855E-03 7.735E-03 1L.025E-02 2.720E-02 2 03E+01 369E+01 2. 94E+00 7.88E-16 000E+H00 0.00E+00

Table 63. Major Contrbutors to Activity Induced in Inner Vertical Target (Zone 76) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.909E-08 3.589E-08 3,702E-08 3.781E-08 4.25/E-08 6.332E-08 2.21E-07 2.85E-07 5.16E-06 389E-02 8 66E+00 3 27E+01

ar39 6956E08 1.307E07 1.349E-07 1.378E07 1.551E-07 2.307E-07 80707 1.04E-06 1.88E-05 1.38E-01 247E+01 1L.02E+01

0060 1.188F-04 2.233E-04 2.3085-04 2.352E-04 2648504 3937E-04 1.37E-03 1. 75508 2.82E-02 6 50E+01 1.05E-01 0.00E+00

ni63 1226507 2.304E-07 2377E-07 2427E07 2.732E:07 4064E-07 142E-06 1.83E-06 320E-05 2.33E:01 2.82E+01 2.36E-01

nb98m 7.377E-07 1.387E-06 1.430E-06 1.461E-06 1.644E-06 2.446E-06 8 55E-06 1.10E-05 1.91E-04 987E-01 9.32E+00 1.6 7E+01
nb91 1815E-08 3411E-08 3519E-08 3594E-084.046E-08 6018E-08 2. 11E-07 2.71E-07 490E-06 367E-02 7 53E+00 1. 27E+01

mo 93 1.280E-08 2406E-08 2482508 2.535E-08 2.854E-08 4.245E-08 1.48E-07 1.91E-07 346E-06 261E-02 5.765+00 203E+01

8179 6513504 1.224F-03 1.263E-03 1.290E-03 145303 2159503 75103 943E-03 1. 20601 2.92E+01 7.79E-12 000E+00

w181 767801 1.4435+00 1.489E+00 1.520E+00 1.709E5+00 2531 E+00 8 56E+00 9.635+00 257E+01 1.32E-03 0.00E+H00 000E+00
w183m4.602E+01 2.960E-02 1.96/7E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 8011E+00 1506E+01 1.553E+01 1.586E+01 1.782E+01 2.632E+01 8.71E+01 9.03E+01 7.40E+01 353E-08 000E+00 0.00E+00
w187 4.268E+01 8018E+01 8.236E+01 8 210E+01 7.996E+01 7.059E+01 380E+00 4.07E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 64. Major Contributors to Decay Heat Induced in Inner Veertical Target (Zone 76) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2049509 2.924F-09 2.961F-09 3.032E-09 3487E-09 5.723E-09 7.56E-08 1.17E-07 2.33E-06 1.135-03 1.90E+00 1. 24E+01

ar39 3302E084.711E084.772E-08 4886E-08 5.619E-08 9.222F-08 1.22E-06 1.89E-06 3.74E-06 1.78E-02 2.305+01 1.72E+01

0060 6.702E-04 9.560E-04 9.683E-04 9916504 1.140E-03 1.871E-03 247E02 3.79E02 6.68£-01 9.92E+01 1.21E+00 000E+00

nb 94 8891F-09 1.268F-08 1.285E-08 1.316F-08 1.513F-08 2483E-08 328E-07 508507 1L.01E-054.90E-03 8 31E+00588E+01
ag108m 1.078E-07 1.538E-07 1.558E-07 1.595E-07 1.834E-07 3010E-07 3.98E-06 6.16E-06 1.22F-04 563502 5.86E+01 3.14E+H00
w181 7.946E-02 1.134E-01 1.148E-01 1.1755-01 1.350E-01 2206501 2.826+00 3.82E+00 1.125+01 3,70E-05 000E+00 0.00E+00
w183m 2.952E+01 1.441E-02 9401 E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
w185 2207E+003.148E+00 3.188E+00 3 264E+00 3.746E+00 6.105E+00 7.635+01 9.52E+01 8 56E+01 2.63E-09 000E+00 0.00E+00
w187 6.686E+01 9.532E+01 9.613E+01 9.609E+01 9.560E+01 9.313E+01 1.90E+01 2.44E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Table 65. Major Contrbutors to Activity Induced in Inner Vertical Target (Zone 77) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2.300E-084.147E-08 4. 264E-08 4.354E-08 4.896E-08 7 248E-08 245E-07 315507 5.86E-06 387E-02 996E+00 3 73E+01

ar39 691008 1.246E-07 1.281E-07 1.308E07 1471E-07 2.178E-07 7.37E-07 946E-07 1.76E-05 1.13E-01 2.345+01 9.63E+H00

0060 1.635E-04 2948E-04 3031E-04 30%4E-04 3479504 515004 1. 74E-03 221E-08 365502 7.39E+01 1.36E-01 0.00E+00

ni63 1468E-07 2648E-07 2.722E-07 2.779E-07 3125E:07 4627E-07 157E-06 201E-06 3.72E-05 2.31F-01 322F+01 268E-01

nb 98m8150E-07 1.470E-06 1.511E-06 1.543E-06 1.735E-06 2.568E-06 8.68E-06 1.11E-05 1.99E-04 9.01E-01 962E+00 1.68E+01

mo 93 1.356E-08 2445E-08 251.3F-08 2.566E-08 2.886E-08 4.273F-08 1.45E-07 1.86E-07 346E-06 2.28E-02 5.83E+00 204E+01

8179 5959504 1.074E-03 1106508 1.128E-03 1. 269508 1.877E-03 6 31E-03 7.91E-03 1.04E-01 221E+01 6 80E-12 000E+00

w181 709901 1.280E+00 1.3165+00 1.344E+00 1.509E+00 2.2256+00 7.27E+00 8. 17E+00 2.24E+01 1.01E-03 0.00E+H00 000E+00
w183m4.381E+01 2.703E-02 1.790E-33 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
w185 8875E+00 1600E+01 1.645E+01 1.679E+01 1.885E+01 2.771E+01 8 87E+01 9.18E+01 7.735+01 3 23E-08 000E+00 0.00E+H00
w187 4429E+01 7.982E+01 8.171E+01 8.144E+01 7.922E+01 6.962E+01 363E+00 3.87E-07 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 66. Major Contributors to Decay Heat Induced in Inner Veertical Target (Zone 77) for M5 Scenario (n percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 2437E09 3.393E-09 3433E-09 3516509 4.042E-09 6.624E-09 8 A0E-08 1.28E-07 259506 99104 2205+00 1.35E+01

ar39 323908 4.508E-084.562E-084.671E-08 5.370E-08 8 801E-08 1.12E-06 1.71E-06 343506 1.20E-02 2.285+01 1.55E+01

0060 9106504 1.267E-03 1.283E-03 1.313E03 1510503 2474E-03 313502 475602 8 47E-01 9.94E+01 1.60E+H00 0.00E+00

nb 94 1.003E-08 1.395E-08 1.412F-08 1.446E-08 1.662E-08 2.725E-08 346E-07 5.28E-07 1.06E-054.08E-03 9.11E+00 6 07E+01
ag108m 1.095E-07 1.524E-07 1.542E07 1.579E-07 1815607 2975507 3.77E:06 5.77E06 116504 422602 5.78E+01 292E+00
w183m2.774E+01 1.321E-02 8,614E-34 0.000E+00 0.000E+00 0.000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00
w185 2414E+00 3.360E+00 3400E+00 3480E+00 3 993E+H00 6. 499E+00 7.80E+01 9.60E+01 8.74E+01 2.12E-09 000E+00 0.00E+00
w187 6.850E+01 9530E+01 9.602E+01 9.597E+01 9.546E+01 9.285E+01 1.81E+01 2.31E-06 0.00E+00 0.00E+H00 0.00E+00 0.00E+00

Table 67. Major Contrbutors to Activity Induced in Inner Vertical Target (Zone 82) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 3737E07 3878E07 4.711E-07 540407 7.107E07 1.903E-06 3.26E-03 1.51E-02 349E-02 5.62E-02 1.13501 336E+01

0060 1.689E-04 1.753E-04 2130504 2443E-04 3213504 8597E-04 1.47E+00 6.755+00 1.38E+01 6.825+H00 9.96E-05 000E+00
Nni63 6507E-046.754E-04 8 204E-04 9 411E-04 1. 238E-03 331303 5.68E+H00 263E+01 6 03E+01 9.14E+01 998E+01 6 57E+01
au64 7.297E+01 756/E+01 911 7E+01 9.992E+01 9.9955+01 9.992E+01 649E+01 1.28E-11 000E+00 0.00E+00 0.00E+H00 0.00E+00
Q66 2619+01 2.373E+01 8 460E+00 1.070E-02 5664E-11 1.206E-10 3 32E-08 1.21E-10 000E+00 0.00E+H00 0.00E+H00 0.00E+00
ag110m 4.761E-04 4.941E-04 6,008E-04 6.885E-04 9.049E-04 241 7E-03 408E+00 1.77E+01 1L.61E+01 2.86E-03 1.47E-42 0.00E+00
sh124 1014503 1.052E-03 1.278E-03 1466503 1.923E-03 510303 8.1 7E+00 2.89E+01 1.42E+00 9.00E-17 000E+H00 0.00E+00

Table 68. Major Contributors to Decay Heat Induced in Inner Veertical Target (Zone 82) for M5 Scenario (n percernt)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 334808 3.665E-08 5.963F-08 8 514508 1.121E-07 2.998E-07 2.39E-04 521E-04 1.95E-03 1 44E-02 32101 559E+01

0060 7.955E-04 8.709E-04 1.417E-03 2.023E-03 2664503 7.121E-03 5.66E+00 1.225+01 4.06E+01 9.16E+01 149502 000E+00
ni63 2.020E-052211F-05 359805 5.137E-05 6.763E:05 1.809E-04 1 44E-01 314E-01 1.17E+00809E+00 9.81E+01 3 79E+01

Q64 4.1385+01 45265+01 7.304E+01 9.963E+01 9.978E+01 9.965E+01 3 00E+01 2.80E-12 000E+00 0.00E+00 0.00E+H00 0.00E+00
Q66 5474E+015230E+01 2498E+01 3932E-02 2.084E-10 4434E-10 5.6 7E-08 9.70E-11 000E+00 0.00E+H00 0.00E+H00 0.00E+00
ag110m 2425503 2.655E-03 4.320E-036.167E-03 8.115E-08 2.166E-02 1. 70E+01 347E+01 5.12E+01 415602 2 37E-40 0.00E+00
sh122 9298F-03 1.018E-02 1.653E-02 2.340E-02 2. 920E-02 6443E-02 1. 10E+01 5.86E-02 1.06E-38 0.00E+H00 0.00E+00 0.00E+H0
sb124 4106503 4495E-03 7.313E-03 1.044E-02 1.371E-02 3 635E-02 2. 70E+01 4.50E+01 359E+00 1.04E-15000E+00 0.00E+00
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Table 69. Major Contrbuiors to Activity Induced in Rails (Zone 104) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 1.702E05 1.725E05 1.877E-05 2.366E-05 4962505 9.057E-05 1.61E-04 311E-04 2.76E-03 2.18E-02 366501 1.06E+01

cr51 82085+008317E+00 9.0625+00 1.140E+01 2. 378E+01 4.260E+01 6. 50E+01 6 99E+01 1.41E-01 1.88E-36 0.00E+00 0.00E+H0
mn54 1451E-01 1470201 1.601E-01 2018E-01 4.229E-01 7.706E-01 1.35E+00 248E+00 1.05E+01 5.59E-02 1.88E-32 0.00E+00

mn 56 6.311E+01 6.366E+01 6.656E+01 6.706E+01 3.665E+01 5.287E-01 1.43E-17 000E+00 0.00E+00 0.00E+H00 0.00E+00 0.00E+00
fe55 5251F-01 5321F-01 5.792E-01 7.301E-01 1531E+00 2. 793E+H00 4.93E+00 9.39E+00 6 61E+01 5.33E+01 1.09E-07 000E+00
0058 7.985E-01 8091E-01 8807E-01 1.110E+00 2.323E+00 4. 208E+00 7.04E+00 1.08E+01 366E+00 3 33E-13 000E+00 0.00E+00
0060 1.042E-01 1.056E-01 1.149E-01 1.448E-01 3.037E-01 5542601 9.80E-01 1.88E+00 1.485+01 358E+01 4.37E03 0.00E+H0

ni50 8.117E058 225505 8.953E-05 1.120E-04 2.36 7E-04 4.320E-04 7.66E-04 1.48E-03 1.325-02 1.04E-01 1.77E+00567E+01

Nni63 8875E-038993E-03 9.789E-03 1.234E-02 2 58802 4.723E-02 8 37E:02 1.62E-01 1 A35+00 1 06E+01 969E+01 6 23E+00

nb 93m 1.652E-05 1.674E-05 1.822E-065 2.297E-05 4,81 7E-05 8 792E-05 1.56E-04 302604 2.70E-03 228502 4.32E-01 L17E+01

mo 93 2460E-05 2493E-05 2.714E-05 342105 7.174E-05 1.309E-04 2.32E-04 449E-04 39903 315502 525601 1.42E+01
mo99 5.336E+005407E+005.876E+00 7.3435+00 1461 E+01 2.207E+01 8,61E+004.50E-02 8 22E-38 0.00E+H00 0.00E+00 0.00E+00
£ 99M4.688E+004.750E+005.171E+00 65165+00 1.344E+01 2.120E+01 8.33E+H004.36E-02 7.96E-38 0.00E+H00 0.00E+00 0.00E+00

Table 70. Major Contributors to Decay Heat Induced in Rails (Zone 104) for M5 Scenario (in percernt)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

¢ 14 4500E07 4550507 4.862E-07 6.102E-07 1.912E-06 1.219E-05 3.33E-05 5.66E-06 252E-04 1.155-03 1L.OSE+H00 2. 90E+01

ar51 1630501 1648501 1.761E-01 2.208E-01 6.883E-01 4.306E5+00 1.01E+01 9.57E+00 9.66E-03 745E-38 000E+00 0.00E+00
mn54 6516502658902 7.040E-02 883502 2.76/E-01 1.761E+004.75+00 7.6 7E+00 1L.625+01 501502 9.14E-31 000E+00

mn 56 8510E+01 8567/E+01 8.791E+01 8 819E+01 7.202E+01 3.6285+00 1.51E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe59 2054E-01 2076501 221801 2.783E-01 8.691E-01 5475E5+00 1.36E+01 1.61E+01 392E-01 1.12E-22 0.00E+H00 0.00E+00
0058m 5513E+005.568E+005881E+00 6.929E+00 1.485E+01 2412E+01 1.17E-03 551E-22 000E+00 0.00E+00 0.00E+00 000E+00
0058 4.311F-01 4.359E-01 4.657E-01 5843E-01 1.827E+00 1.156E+01 2.98E+01 4.03E+01 6.82E+00 3 59E-13 0.00E+H00 000E+00
0060 1448F-01 1.464E-01 1564501 1.963E-01 6.151E-01 3919E+00 1.07E+01 1.80E+01 7.10E+01 994E+01 6.56E-01 0.00E+00
ni59 3193507 3229E-07 3450E-07 4.329E-07 1.357E-06 8 646E-06 2.36E-054.02E-05 1. 79E-04 8 17E:04 75101 2.30E+01

ni63 8.131F-058222F-05 8.784E-05 1.102E-04 3454E-04 2.202E-08 6.02E-03 1.02E-02 4.52E-02 1.94E-01 9.59E+01 5.89E+00

nb 93m 255907 2.588E-07 2.765E-07 3470E-07 1.087E-06 6.929E-06 1.89E-05 3 22E-05 1 44E-04 7.05E-04 723501 1.87E+01

nb 94 1489E-07 1.506E-07 1.609E-07 2.019E-07 6.328E-07 4033E-06 1.10E-05 1.87E-058.33E-05381E-04 350501 1L.0SE+01

mo93 2104507 212707 2273507 2.853E-07 8 939E-07 5697E-06 1.56E-05 2.65E-05 1.185-04 5.38E-04 486501 1.25+01

mMo99 1.5495+00 1.566E+00 1.670E+00 2078E+00 6.177E+00 3.2585+01 1.96E+01 9.01E-02 8 22E-38 0.00E+H00 0.00E+00 0.00E+00

Table 71. Major Contrbuiors to Activity Induced in Ralls (Zone 105) for M5 Scenario (in percent)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

ar51 8667E+008.797E+00 9.607E+00 1.201E+01 2411E+01 4.133E+01 6.135+01 6. 255+01 8 44E-02 1.42E-36 0.00E+00 0.00E+H0
mn54 2615501 265501 2899501 3628E-01 7.317E-01 1.276E+00 2.17E+00 3.78E+00 LO7E+01 7.23E-02 359E-32 000E+00
mn56 6.069E+01 6.1325+01 6433E+01 6434E+01 3.384E+01 4.6 71E-01 1.22E-17 000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
fe 55 9402E-01 9543501 1.042E+00 1.304E+00 2.632E+00 4594E+00 7.88E+00 1.426+01 6.71E+01 6 85E+01 2.07E-07 000E+00
0060 9.729E-029875E-02 1.079E-01 1.350E:01 2.723E-01 4.756E-01 8.18E-01 1 49E+00 7.84E+00 2 40E+01 4.32E-03 0.00E+H0

ni59 7.500E-057.613E-05 8 315E-05 1.041E-04 2.100E-04 3668E-04 6.32E-04 1.16E-03 6 90E-03 6 91E-02 1. 735+00 548E+01

ni63 8.357E-038482E-03 9.264E-03 1.159E-02 2.339E-02 4.086E-02 7.04E-02 1.29E-01 7.63E-01 7.18E+00 9.66E+01 6.14E+00

nb 93m 1.887E-05 1.915E-05 20925065 2.618E-05 5282F-05 9 226E-05 1. 5904 2.91E-04 1.73E-03 1.71E-02 413501 L10E+01

mo 93 2218F-052.251F-05 2459505 3077E-05 6.208E-05 1.084E-04 1.87E-04 343E-04 2.04E-03 204502 502501 1.34E+01
mo99 5517E+0055985+006.1055+00 7.5735+00 1.450E+01 2096E+01 7.95E+00 3 94E-02 4.82E-38 0.00E+H00 0.00E+00 0.00E+00
£ 99mM4.846E+004.919+005.372E+00 6.720E+00 1.334E+01 2.014E+01 7.70E+00 3 81E-02 4.66E-38 0.00E+H00 0.00E+00 0.00E+00
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Table 72. Major Contributors to Decay Heat Induced in Rails (Zone 105) for M5 Scenario (in percernt)
Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

C 14 4023E07 4079507 4.396E-07 551407 1.682E-06 9.864E-06 2. 75E-05 45905 1.98E-04 1.09E-03 9.85E-01 2.69+01

mn 54 1.183E:01 1.200E01 1293501 1.621E-01 4 942E-01 2.8%4E+00 7.965+00 1.26E+01 259E+01 9.63E-02 1. 74E-30 000E+00
mn56 8244E+01 8.322E+01 8 614E+01 8.636E+01 6.864E+01 3.182E+00 1.35E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00
fe 59 1.907E-01 1.934E-01 2084E-01 2.613E-01 7.943E-01 46055+00 1.17E+01 1.36E+01 32101 1.10E-22 0.00E+00 0.00E+00
0058m 6.543E+006.626E+00 7.060E+00 8. 313E+00 1.734E+01 2.592E+01 1.28F-03 5.93E-22 0.00E+00 0.00E+00 0.00E+00 000E+00
0058 4.734E-01 4800E-01 5173501 6487E-01 1.974E+00 1.150E+01 3.02E+01 4. 025+01 6 59E+004.17E-13 0.00EH00 000E+00
0060 1.362E-01 1.381F-01 1488501 1.867E-01 5.694E-01 3.339E+00 9. 205+00 1.54E+01 5.89E+01 991E+01 6.50E-01 0.00E+00
ni59 2972607 301407 3.248E-07 A07AE-07 1.242E-06 7.288E-06 2.03E-05 339E-05 1.46E-04 8 06E-04 7.36E-01 222E+01

ni63 7.712E:057.820E-05 8428E-05 1.067E-04 322404 1.891E-03 5 27E-03 8 80E-03 3.77E-02 1.95E:01 957E+01 5.80E+00

Nnb 98m 2.944E-07 2.985E-07 321 7E-07 4036E-07 1.231E-06 7.219E-06 2 01E-05 3.36E-05 1.45E-04 7.88E-04 6 92E-01 1.76E+01

nb94 1527E-07 1.548E-07 1.669E-07 2.093E-07 6.383E-07 3.744E-06 1L04E-05 1. 74E-05 7 53605 4.14E-04 3.77E0L L11E+01

mo93 1910507 1.937E-07 2088E07 2.619E-07 7.986E-07 4.685E-06 1.31E-05 218506 941E-06 51 7E-04 464501 1.185+01

mo99 1.6135+00 1.635E+00 1. 759+00 2.187E+00 6.329E+00 3.073E+01 1.89E+01 8 51E-02 7.55E-38 0.00E+H00 0.00E+00 0.00E+00

Table 73. Spediic Adiviies Induced in Al Zones for SA1 Scenario (Ciim

Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Z1 1583E+H089035E+07 8239E+07 8083E+07 7.377E+07 5542E+07 2.75E+07 219E+07 163E+06 385E+02 1.80E+H004.05E-01
Z2 6.128E+H07 5863E+07 4603E+07 3593E+07 2.7155+07 LO14E+07 142E+04 9.12E+03 727E+03 6 07E+03 3. 11E+H03 6 22E+00
Z4 A325E+H07 4.155E+07 3332E+07 2.754E+07 2.088E+07 7.800E+H06 8, 73E+03 4.82E+03 337E+03 2.64E+03 1.35E+H03 2.70E+00
Z7 9321E+H59.141E+058469E+05 6. 976E+05 3668E+05 2.358E+05 1L.87E+H05 1.22E+05 316E+04 3 17E+03 1L88E+H024.30E+00
Z16 1216E+051.199E+05 1. 114E+059078E+04 457 7/E+04 2.828E+04 2.16E+04 1.35E+04 300E+03 345E+02 246E+01 5,66E-01
Z24 7896E+06 6376E+H06 5231E+H064.297E+06 3428E+06 1.686E+06 4.03E+H05 3 23E+05 2.32E+04 6.26E+H02 320E+02 6 42E-01
Z26 7891E+066534E+06 5.324E+06 4.342E+06 3472E+06 1.728E+06 4.39E+05 3 53E+05 2 50E+04 6 48E+H02 331E+H02 6 64E-01
Z41 1794405 1.774E+05 1654E+05 1.344E+05 6.670E+04 4 065E+04 3.06E+04 1.85E+04 3 70E+H03 4.68E+02 3. 75E+01 848E-01
Z60 1536E+051.520E+05 1419E+05 1.149E+05 5640E+04 3411E+04 254E+04 1 52E+04 2 93E+03 392E+H02 323E+01 729E-01
Z67 1.209E+086522E+07 6 005E+07 5894E+07 5.380E+07 4.045E+07 2.03E+07 163E+07 1L.16E+06 2.78E+02 L17E+00 266501
768 8454E+07 4554E+07 4.223E+07 4.147E+07 3.788E+07 2854E+07 144E+07 115E+07 7.94E+05 1.87E+02 793E-01 185E-01
Z73 1.939E+06 1.855E+06 1L508E+H06 1.277E+06 9.694E+05 3 621E+06 346E+02 1.76E+02 1.24E+02 944E+01 457E+01 LO9EOL
Z76 7292E+07 4.178E+07 4068E+07 3994E+07 3609E+07 2606E+07 1.11E+07 8.75E+H06 4. 99E+05 9.70E+01 4.36E-01 LO4E-01
Z77 5118E+07 3049E+07 297 7E+07 2924E+07 2.646E+07 1L.921E+07 8.38E+H06 6.63E+06 367E+05 8 20E+01 318E-01 7.64E-02
Z82 1.190E+06 1.144E+06 9.301E+05 8 046E-+05 6.118E-+05 2 286E+05 1.79E+02 7.06E+01 365E+01 2.27E+01 112E+01 338E-02
Z104 1167E+02 1L151F+02 1.052E+02 8 281E+01 4.082E+01 2.375E+01 1.50E+01 880E+00 1L.82E+00 2.37E:01 140E-024.34E-04
Z105 1108E+04 1.092E+04 9972E+03 7.936E+03 4.123E+03 2 546E+03 1.68E+H03 LOGE+03 302E+02 309E+01 1.24E+00 389E-02

Table 74. Spediic Decay Heat Induced in Al Zones for SA1 Scenario (VMWWim

Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Z1 3728E012562E-01 2466E-01 2408501 2.108E-01 1.331E-01 2.00E-02 141E-02 8 66E-04 1.76E-06 2.38E-09 200E-10
Z2 3181E012858E-01 1.674E-01 6.973E-02 508502 1.896E-02 4. 66E-05 2.6 7E-05 843E-06 1.55E-06 3.18E-07 668E-10
Z4 180801 1.656E-01 9.849E-02 522802 3897E-02 1 456E-02 365E-05 2.24E-05 7.09E-06 1.01E-06 1.39E-07 289%E-10
Z7 1015029765503 9060E-03 7.253E-03 2.313E:03 3661E-04 1.95E-04 1 46E-04 407E-05 6 48E-06 1L 91E-08403E-10
716 1.308E031282E-03 1.201E-03 9.573E-04 2908E-04 3 946E-05 2. 10E-05 1 51E-05452E-06 940E-07 251E-095.19E-11
Z24 3372E02 2.968E-02 1.905E-02 9.627E-03 7503503 359203 2.94E-04 213504 1. 27E-05 14307 327E-08 707E-11
726 3521E-02 3099602 1.971E-02 9.718E-03 7571E-03 3645E-03 319504 2.33E-04 1.38E-05 1. 53507 338E-08 7.32E-11
Z41 1915E031.891E03 1.780E-03 1416E-034.173E-04 506305 2.71E05 1.87E-05 583506 140506 381E-09 7.73E-11
Z60 1629E-031.612E-03 1521E-03 1.207E-03 3471E-04 3.780E-05 2 04E-05 1.36E-054.64E-06 1.24E-06 328E-09 6 64E-11
Z67 281901185901 1.796E-01 1.753E-01 1.535E-01 9676E-02 147E-02 1.07E-02 6.365E-04 L61E-06 L61E-09 141E-10
Z68 1972E-01 129901 1.258E-01 122901 1.076E-01 6801E-02 1.05E-02 7.60E-034.38E-04 1.16E-06 LOBE-09 L04E-10
Z73 7.798E03 6.683E-034.036E-03 2403E-03 1L.806E-03 6.749E-04 1.33E-06 7.87E-07 267E-07 407E-08 4.68E-09 L62E-11
Z76 1.886E-011.342F-01 1.326E-01 1.296E-01 1.132F-01 7.052E-02 8 82E-03 6 20E-03 321E-04 9.86E-07 580E-108 02E-11
Z77 1.334E:019.718E-02 9607E-02 9.389E-02 8 205E-02 512302 6.66E-03 4. 73E-03241E-04 944E07 421E-106 1 7E-11
Z82 3999E-03 3647E-032.193E-03 149903 1.138E-034.257E-04 8.74E-07 548E-07 1.82E-07 260E-08 L16E-095H4E-12
2104 1247E-06 1.234E-06 1.154E-06 9.165E-07 2.966E-07 5.373E-08 263E-08 185508 5.75E-09 1.32E-09 1 44E-12 46 7E-14
Z105 1.163E-04 1.148E-04 1.065E-04 8461E-05 2.818F-05 5566E-06 2.71E-06 1.94E-06 6 06E-07 1.16E-07 1.28E-104.19E-12
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Table 75. Spediic Adiviies Induced in Al Zones for M5 Scenario (Ciim

Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Z1 1421E+087405E+07 6611E+07 6463E+07 5778E+07 4000E+07 1L.37E+07 1L09E+07 7.69E+05 1.31E+02 5.99E-01 1.335-01

Z2 56%E+H]7 5459E+07 4.378E+07 3521E+07 2.663E+H07 9.939E+06 7.98E+03 3 24E+03 240E+03 2.02E+03 1L 04E+H03 207E+00
Z4 A087TEH]7 3934E+07 3208E+07 2.700E+07 2048E+07 7.649E+06 548E+03 1.79E+H03 L12E+03 8 81E+02 4 51E+02 900E-01
Z7 8005E+H5 7.838E+H05 7.254E+05 5944E+05 2.918E+05 1. 712E+05 1.27E+05 7.52E+04 1.08E+04 LO7E+H03 6.27E+01 L46E+00
Z16 1054E+05 1.039E+05 9,668+ 7.866E:+04 3 753E+04 2.143E+04 1.53E+04 8. 72E+03 L02E+03 1.16E+H02 8 22E+00 1.89E-01
Z24 7072E+065.778E+H06 4.795E+06 4 008E+06 3 161E+06 1.452E+06 2.04E+05 1.61E+05 1.09E+04 2 09E+02 LO7TE+H02 2.14E01
7226 7.226E+065898E+064.860E+06 4.035E:+06 3 186E+06 1476E+06 223E+05 1. 76E+05 1.18E+04 2.16E+02 L10E+H02221E01
Z41 1563E+05 1545E+05 1444E+05 1.173E+06 5547E+04 3151 E+04 222F+04 1. 24E+04 1.26E+03 157E+02 1.25E+01 283501
Z60 1341E+051.327E+05 1.241E+05 1.007E+054.722E+04 2.673E5+04 1.88E+04 1 03E+04 9. 93E+02 1.32E+02 1. 08E+01 243E-01
Z67 1095E+085366E+07 4.851E+07 4.745E+07 4.244E+07 2.9426+07 1.03E+07 8.14E+06 551E+05 945E+01 389E-01 8.79E-02
Z68 7642E+07 3735E+07 3406E+07 3332E:+07 2.982E+07 2071E+07 7.29E+06 5.76E+06 3 78E+05 6.34E+01 264E-01 6.12E-02
Z73 1846E+06 L.769E+06 1LA59E+H06 1.252E+06 9 509E+05 3551 E+06 2.26E+02 6 44E+01 4.11E+01 314E+01 1.52E+01 363E02
Z76 6671E+07 3549E+07 3440E+07 3369E:+07 2992E+07 2012E+07 5.75E+H06 447E+06 247E+05 327E+01 145E-01 345E-02
Z77 4653E+07 2580E+07 2.509E+07 2458E+07 2.186E+07 1476E+07 4.36E+H06 340E+06 1L82E+05 2.76E+01 LOGE-01 254E-02
Z82 1141E+06 1.100E+06 9.053E+05 7.892E+05 6.001E+05 2 242E+05 1.31E+02 2 83E+01 1.22E+01 7.58E+H00 3 73E+00 L13E-02
Z104 1019E+02 1L.006E+02 9 240E+01 7.330E+01 3495E+01 1.915E+01 1.08E+01 558E+00 628501 7.95E-02 4 68E-03 LA5E-04

Z105 9575E+03 9434E-+03 8 637E+03 6.902E+03 3421 E+03 1.958E+03 1.14E+03 6 20E+02 1L.OAE+02 1 04E+01 4.15E-01 1.30E-02

Table 76. Spedific Decay Heat Induced in Al Zones for M5 Scenario (MWIm

Tme 0 1m 10m 1h 6h 1d 1w 1mo 1y 10y 100y 1000y

Z1 3572E012403E-01 2.308E:01 2251E-01 1.960E-01 1.201E-01 1.06E-02 7.04E-034.08E-04 592E-07 8 06E-10 6 54E-11
Z2 2T747TE012457E01 1471E-01 6.787E-024.936E-02 1.859E-02 3 04E-05 1.27E-05 2.90E-06 518E-07 1 06E-07 222E-10
Z4 1611E011476E-018976E-02 5.108E-02 3822E-02 1 427E-02 2.25E-05 1. 02E-05 251E-06 338E-07 4 62E-08 964E-11
Z7 9272E038891E-03 8239E-03 6599E-03 2070E:03 2.722E-04 1L.09E-04 725505 14505 2.1 7E-06 6.37E09 1.34E-10
Z16 1191F-031.167E03 1.092E-038.716E-04 2.613E-04 2 990E-05 123505 7.62E-06 1. 59E-06 315507 836E-10 1. 73E-11
Z24 2.932E02 2558E-02 1.684E-02 9260E-03 7.229E-03 3.392E-03 1.61E-04 1.08E-04 6.10E-06 4.77E-08 LO9E-08 2.36E-11
7226 3052E02 2664502 1.737E-02 9.336E-03 7.285E-03 3432E-03 1. 75E-04 1.18E-04 6 66E-06 5.11E-08 L 13E-08 244E-11
Z41 174303172003 1L619E-03 1.289E-03 3. 759E-04 3897E-05 1.64E-05 965E-06 20306 4.69E-07 1.27E-09 258E-11
Z60 1482E-031466E-03 1.383E-03 1.099E-03 3 131F-04 2943605 1 27E-05 7.11E-06 1. 60E-064.155-07 LO9E-09221E-11
Z67 2715801 1.752E-01 1.690E-01 1.649E-01 1.435E-01 8 800E-02 7.96E-03 5.38E-03 303E-04 538507 541E-10464E-11
768 1.899E-011224F-01 1.183E-01 1.155E-01 1.006E-01 6.173E-02 5.70E-03 385E-03 2. 12E-04 390E-07 363E-10343E-11
Z73 7122E036,068E-033749E-03 235203 1.771E-03 661 7E-04 8 26E-07 348E-07 9.31E-08 1.36E-08 L56E-09 540E-12
Z76 1823E011278E011261F-01 1232F-01 1.071E-01 6527E-02 4 94E-03 319E-03 1. 60E-04 330E-07 LH4E-10266E-11
Z77 1.288E019250E-029.140E-02 8926E-02 7.764E-02 4.738E-02 3.73E-03 244E-03 1. 21E-04 316507 141E-10205E-11
Z82 3736E033413E-032098E-03 1469E-03 1.116E-034.172E-04 52407 2 40E-07 6 43E-08 8 70E-09 385E-10 1 98E-12
Z104 1.130E-06 111806 1.046E-06 8.337E-07 2661E-07 4.174E-08 1.53E-08 8 98E-09 202E-09 441 E-10480E-13 1L 56E-14
Z105 1.054E-04 1.040E-04 9648E-05 7.691E-05 252205 4.299E-06 1.54E-06 923507 2.14E-07 389E-084.26E-11 1 40E-12
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Fig. 16. Activity induced in dome PFC (zone 1).
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Fig. 17. Decay heat induced in dome PFC (zone 1).
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Fig. 19. Decay heat induced in dome PFC (zone 2).
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Fig. 20. Activity induced in dome body (zone 4).

0
10 %\\HHH‘ \\HHH‘ T TTTI \\HHH‘ T TTTIT T T T T TTTTIT T TTTITT T T T T TTTTT T TTTIT
107 3
o~ 102 L \-\.\!
E 103
§ 10% L i
& 5 E E
5 10 -
T 10° - E
5 107 L i
L -8
o 10 E 3
2 00 | ——sat] \
s S eews | \
£010M | X4
10-11 E\\HHH‘ \\HHH‘ Ll \\HHH‘ LU LI \\HHH‘ \\HHH‘ L LI \\HHH‘ \\HHH‘ \\Ha

10° 10* 10% 10%® 10* 10° 10° 107 10%® 10° 10'° 10"
Time Following Shutdown (s)
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Fig. 23. Decay heat induced in dome body (zone 7).
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Fig. 24. Activity induced in central body (zone 16).
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Fig. 25. Decay heat induced in central body (zone 16).
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Fig. 29. Decay heat induced in wings (zone 26).
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Fig. 30. Activity induced in outer leg (zone 41).
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Fig. 31. Decay heat induced in outer leg (zone 41).
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Fig. 32. Activity induced in inner leg (zone 60).
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Fig. 33. Decay heat induced in inner leg (zone 60).
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Fig. 34. Activity induced in outer vertical target (zone 67).
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Fig. 35. Decay heat induced in outer vertical target (zone 67).
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Fig. 36. Activity induced in outer vertical target (zone 68).
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Fig. 37. Decay heat induced in outer vertical target (zone 68).
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Fig. 38. Activity induced in outer vertical target (zone 73).
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Fig. 39. Decay heat induced in outer vertical target (zone 73).
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Fig. 40. Activity induced in inner vertical target (zone 76).
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Fig. 41. Decay heat induced in inner vertical target (zone 76).
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Fig. 42. Activity induced in inner vertical target (zone 77).
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Fig. 43. Decay heat induced in inner vertical target (zone 77).
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Fig. 44. Activity induced in inner vertical target (zone 82).
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Fig. 45. Decay heat induced in inner vertical target (zone 82).
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Fig. 46. Activity induced in rails (zone 104).
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Fig. 47. Decay heat induced in rails target (zone 104).
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Fig. 48. Activity induced in rails (zone 105).
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Fig. 49. Decay heat induced in rails target (zone 105).
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7. SUMMARY AND CONCLUSIONS

3-D neutronics and shielding analyses have been performed for the divertor regletailed
3-D modelhasbeen developetbr the divertor region of the ITE®etailed Design. The model
includes in detail the PFC, the vertical targets, the wings with assopiated,the gas boxes, as
well as the central dome and cassette bodies. Each divertor cassette in therasodetied into
103 regions to providdetailed spatiatlistribution of nuclear heating and radiatidamage. The
layered configurations of the doniC and vertical targets were modeledaccuratelywith the
front tungsterlayer modeledseparately. Separate regiare included in the model to represent
the mechanical attachments and coolant pipe connections for the dome, taegetal andvings.
The divertor cassette model was integrated with the general ITER model based on the Interim ITER
Design.

3-D neutronics calculations have been performed using the continuous energy MCNP-4A
code with cross section data from FENDL-1 to determine the detailed spatial distribution of the
neutron flux in the divertor cassette. The neutron flux values were provided at the 103 cassette
regions used in the model. A detailed activationanalysis hasbeen performedfor zones
representing the differewtitical components of the divertaassette. The activation calculations
have been performed using the latest version of the activation code DKR-PULSAR2.0. The DKR-
PULSAR2.0code combined th&75-group neutron fluxalculated by théeviCNP-4A code with
the the FENDL/A-2.0 and FENDL/D-2.0 data libraries to calculate the radioactive inventories.

To examine the effect gbulsing sequences dhe activityand decayheatgeneration, the
calculations have been performed for two different operational scenariodirsttseenario (SA1)
corresponds to a machine total fluence of 0.3 BIVi¥ with a long term availability of 25% and a
final month availability of 50%. A burn puldength of onehour hasbeenused in this scenario.
The second scenario (M5) corresponds to a total fluen@el dfMW@/n?. The M5 scenarihas a
long term availability of only 4% and a last month availabilityp6%6. A 1000 second buipulse
length isused forthe M5 scenario.The short term activity and decayheat results are nearly
identical since the availability is the samhering the last month of operation imoth operation
scenarios. On the other hand, the long term activity and decay heat determinetbta) thvence
are lower by about a factor of 3 for the M5 scenatrio.
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Special attentiommasbeen given to the top 1 ctangsten layer ofhe divertordome. The
radioactivity generated in the tungsten layers of the divertor are mostly dominaf€abguring
the first day after shutdown. Accurate calculation of'tW¥ inventorythat takes into account the
self-shielding effect, alsgielded accurateesults forother radioisotopes produced by multi-step
reactions with'®W. TheGlidCop copper and 318S-LN parts othe divertoralso generated a
considerable level of activity and dedagat. Neverthelesthe analysis showethat thetungsten
PFC is clearly the most critical part of the divertor from a decay heat generation point of view.

REFERENCES

[1] TechnicalBasis forthe ITER Detailed Design Report, CostReview and Safety Analysis,
ITER EDA DocumentatiorSeries,InternationalAtomic Energy Agency, ViennaDecember
1996.

[2] M.E. Sawan,“Three-DimensionaNeutronics Analysis fothe ITER Divertor Cassette,”
ITER U.S. Home TeamReport ITER/US/97-1V-10 and University of Wiscongiusion
Technology Institute Report UWFDM-1056, November 1997.

[3] J. BriesmeisterEd., “MCNP, AGeneralMonte Carlo N-Particle Transpof€ode, Version
4A," LA-12625-M, (1993).

[4] R. MacFarlane, “FENDL/MC-1.0Library of Continuous EnerggZross Sections in ACE
Format for MCNP-4A,” Summarypocumentation by APashchenko, HWienke and S.
Ganesan,Report IAEA-NDS-169,Rev. 3, International Atomic Energy Agency(Nov.
1995).

[5] TechnicalBasis forthe ITER Interim DesigrReport, CostReview and Safety Analysis,
ITER EDA DocumentationSeries, No. 7,International Atomic Energy Agency, Vienna,

April 1996.

[6] M. Sawan, L.Petrizzi, R. Santoroand D. Valenza, “Three-Dimensionleutronics and
Shielding Analyses for the ITER Divertor,” Fusion Technol@f;, 601 (1996).

67



[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

J-Ch. Sublet, Three-DimensionaNeutronic,Activation and ResiduaDecayHeat Analysis
for the ITERDesign,” UKAEA FUS 340,UKAEA/EuratomFusion Association, Culham,
United Kingdom (July 1996).

H. lida, R. Plenteda, R. T. Santorand V. Khripunov, “Effect of Homogenisation of
Armour and Substrates orEstimating DecayHeat Density inTungsten,” Memo No.
NA:NAG-14-12-12-96-ReV, Nuclear Analysi&roup ITER JCT, Garching, 17March
1997.

E.T. Cheng, TSI Research, Inc., Solana Beach, CA, Private Communications, April 1997.
J-Ch. Sublet, UKAEA, Culham, United Kingdom, Private Communications, April 1997.

A. Pashchenko and P. McLaughlfRENDL/A-1.0: NeutronActivation Cross-SectiorData
Library for Fusion Applications,” ReporiNDC(NDS)-148, IAEA Nuclear Data Section,

February 1995.

A. Pashchenko «il., “FENDL/A-2.0: NeutronActivation Cross-SectiorData Library for
Fusion Applications,” Report INDC(NDS)-173, IAEA Nuclear Data Section, March 1997.

D. Henderson et al.;'DKR-Pulsar: A Radioactivity Calculation Code that Includes
Pulsed/Intermittent Operation,” to be published.

G. Saji andE.T. Cheng,“Initial Activation Data for NSSR-2: Data for Dose-Release
Calculation,” Revisiorila, DocumentNo. D71-07-SEHD-005, Safety§nvironmental and
Health Division, ITER JCT, San Diego, June 1997.

H. lida, Nuclear AnalysisGroup, ITER JCT, GarchingPrivate Communicationgylarch
1997.

J. E. Sisolak, S. E. Spangland D. L. Henderson,“Pulsed/Intermittent Activation in
Fusion Energy Reactor Systems,” Fusion Technol@tyy2145 (1992).

S.E. Spangler, J.E. Sisola&ndD.L. Henderson;Calculational Modeldor the Treatment
of Pulsed/Intermittent Activation Withirusion Energy Devices, Fusion Engineering and

Design,22, 349 (1993).

68



[18] V. Barabash, Materials Group, ITER JCT, Garching, Private Communications, March 1997.
[19] J-Ch. Sublet, Three-DimensionalHeterogeneoud$/onte Carlo Neutronic andActivation

Analysis for the ITER Divertor,” UKAEAFUS 368,UKAEA/Euratom Fusion Association,
Culham, United Kingdom (June 1997).

69





