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This project aims to carry out the detailed radiation shielding analysis for the storage
cask installed with 56 specific spent fuel elements in order to facilitate the comparison of
the calculated dose rate with the measured ones to be made in the pre-operational stage.
The MAVRIC control module in the SCALE 6.0 code system will be used for the
calculation of the surface dose rates of the storage cask. The 56 spent fuel elements in the
canister will be modeled in detail. In addition to the radial and height distributions, the

azimuthal distribution will be included.
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Name 3 Name 3
(g/em) Element | (atom/barn-cm) (g/lem”) | Element | (atom/barn-cm)
U-235 1.3613E-04 B-10 8.5530E-05
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NS-4-FR | 3.90463
Zr 4.7179E-03 o 2.6090E-02
Active
Sn 5.3504E-05 Al 7.7630E-03
Fuel 3.90463
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Region
Cr 1.9445E-05 Carbon Fe 8.3500E-02
7.8212
Ni 8.9869E-06 Steel C 3.9214E-03
Hf 2.4541E-07 Cr 1.7430E-02
Mn 1.0976E-06 Fe 5.9360E-02
SS304 7.94
Cr 6.0111E-04 Ni 7.7210E-03
Fe 2.0472E-03 Mn 1.7360E-03
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Upper 0.524 Fe 3.9208E-03 Concrete 2.2426 Al 1.7018E-03
5245
End-Fitting Ni 5.0999E-04 Si 1.6205E-02
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Cr 3.1431E-03 Fe 3.3858E-04
Lower Fe 1.0704E-02 Upper Fe 1.1592E-01
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End-Fitting Ni 1.3923E-03 Prop Plate C 5.4438E-03
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Middle
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Prop Plate
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C 3.7860E-03 Lower Fe 1.1187E-01
1.3397
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C 7.3716E-09
1.209E-04
Dry-air 1.0689E-05
N 3.9804E-05
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fité  CADIS.fO0 3 & 4%

1 module cadis_module
21
3|1
4|1 Create a mesh importance map and a mesh source from adjoint fluxes
51
61! Consistent Adjoint Driven Importance Sampling
701!
8||! The importance map and the mesh source will be consistent: the particles
9| ! sampled from the biased source will be born with weights that match the
10| ! target weights of the weight windows for the cell they were born into.
111!
121
13| ! REFERENCES
14!
15! 1. A. HAGHIGHAT and J. C. WAGNER, *"Monte Carlo Variance Reduction with
16| ! Deterministic Importance Functions,™ Progress in Nuclear Energy, 42(1),
17 |1 25-53, (2003).
18 !
19! 2. WAGNER, J. C. Acceleration of Monte Carlo Shielding Calculations with
21! an Automated Variance Reduction Technique and Parallel Processing,
21! Ph.D. dissertation, Pennsylvania State University, University Park,
221 Pennsylvania (1997).
231!
24 |1
25 |use vast_kind_param, only: single ! scalelib
26 ||use numericalConstants_module 1 scalelib
27 || use boundingBox_module ! basicGeom
28 |use energyStructure_module I smclib
29 | use geometryGrid_module 1 gridGeom
30 || use meshlImportanceMap_module 1 monaco
31 || use meshSource_module 1 monaco
use meshSourceHelper_module I monaco
use meshSourceSaver_module I monaco
use source_module ! monaco
use sourceGeom_module I monaco

use tortVarsclFile_module

implicit none

interface setupCADIS
module procedure setupCADIS1
module procedure setupCADIS2
end interface setupCADIS

public setupCADIS
private setupCADIS1, setupCADIS2
49 | private checkAdjointFlux

EREEREREE88Y88RBE

51| ! for CADIS testing
public separableBiasedSource, simpleMeshSource

contains
1 Subroutine - only for TORT"s with continuous mesh

subroutine setupCADIS1(tortVarsclFile, trueSource, geometryGrid, outputUnit, &
energyStructure, subCells, sourceTrials, &
meshImportanceMap, meshSource)
implicit none

type (tortVarsclFile_type), intent(in) tortvarsclFile

BARRRBIRBBPIFHLER

type (source_type), intent(in) :: trueSource
type (geometryGrid_type), intent(in) :: geometryGrid
integer, intent(in) oI outputUnit
type (energyStructure_type), intent(in) :: energyStructure
integer, intent(in) :: subCells
integer, intent(inout) :: sourceTrials
69 type (meshlmportanceMap_type), intent(out):: meshlmportanceMap
70 type (meshSource_type), intent(out) :: meshSource
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71
72
73
74
75
76

78
79

81

SBRBYIBRRECLEBBIZRRAN

1
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

integer :: ierror, iregion, icount

integer :: i,j,k, g

integer :: nx,ny,nz,nr,ng,ns

real (kind=double), dimension(:,:,:), pointer :: volumes
real (kind=double), dimension(:,:), allocatable :: adjoint
real (kind=double), dimension(:,:), allocatable :: source
real (kind=double), dimension(:,:), allocatable :: temp
real (kind=double) :: total, volume, totalVolume

real (kind=double) :: totalDRF, unbiasedSum, biasedSum
real (kind=double) :: vweight

I modified by YF Chen 2011

real (kind=double) :: sourceintensity
integer :: xx,yy,zz, sourcenum

real (kind=double), dimension(:), allocatable :: eweight
logical :: nu, talk=_false., peptalk=.true.
type (boundingBox_type) :: boundingBox

if(geometryGrid¥%title=="no geometry supplied”)then
nx = tortVarsclFile%im ! number of cells, not planes
ny = tortVarsclFile%jm
nz = tortVarsclFile%km

nr = nx*ny*nz

else
nx = geometryGrid¥bnx
ny = geometryGrid%ny
nz = geometryGrid¥nz
nr = nx*ny*nz

end if

ng = tortVarsclFile%igm

I Step Zero: Same mesh for importance map and biased source
if(peptalk)write(outputUnit,*)" Step Zero*

if(geometryGridititle=="no geometry supplied”)then
I get from varscl (single precision)
mesh ImportanceMap%geometryGrid = newgeometryGrid( &
real (tortvarsclFile%x(:,1),kind=double), &
real (tortVarsclFile%y(:,1),kind=double), &
real (tortvarsclFile%z, kind=double))
else
1 use the user supplied (double precision)
meshImportanceMap®%geometryGrid = copyGeometryGrid(geometryGrid)
end if

meshImportanceMap%nx = nx
mesh ImportanceMap%ny = ny
meshImportanceMap%nz = nz

mesh ImportanceMap%nr = nr
mesh ImportanceMap%ng = ng

allocate(meshlImportanceMap%importance(l:nr,1:ng),stat=ierror)
if(ierror/=0)write(outputUnit,10) " importance”,ierror
10 format(4x,"cadis_module: setupCADIS1I(): *,/,&

4x, " Error allocating memory for *,A,14)

meshSource%geometryGrid = copyGeometryGrid(meshlmportanceMap¥%geometryGrid)
meshSource%nx = nx

meshSource%ny = ny
meshSource%nz = nz
meshSource%ng = ng

allocate(meshSource%spectra(l:nx,1:ny,1:nz),stat=ierror)
if(ierror/=0)write(outputUnit,10) “spectra”,ierror

allocate(meshSource®%amounts(l:nx,1l:ny,1:nz),stat=ierror)
if(ierror/=0)write(outputUnit,10) “amounts”,ierror
meshSource%amounts = ZERO
allocate(meshSource%vweights(1l:nx,1:ny,1:nz),stat=ierror)
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141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

if(ierror/=0)write(outputUnit,10) “vweights”,ierror

1 Step One: Adjoint Flux as a function of position and energy
if(peptalk)write(outputUnit,*)" Step One*

I for each region in the grid geometry, set the adjoint Flux
allocate(adjoint(l:nr,1:ng),stat=ierror)
if(ierror/=0)write(outputUnit,10) adjoint”,ierror

adjoint = ZERO

iregion = 0

do k=1,nz
do j=1,ny
do i=1,nx
iregion = iregion+1l
adjoint(iregion,1l:ng) = &
real (tortvarsclFile%flij(i,j,k,1:ng),kind=double)
end do
end do
end do

call checkAdjointFlux(nr,ng,adjoint,outputUnit)

I Step Two: True source emission as a function of position and energy
1 volumes is a pdf of source emmission location

if(peptalk)write(outputUnit,*)” Step Two"
Tif(peptalk)then

1 call displaySource(trueSource, outputUnit)
Tend if

allocate(volumes(l:nx,1l:ny,1:nz),stat=ierror)
if(ierror/=0)write(outputUnit,10) “volumes”,ierror

boundingBox = getBoundingBoxFromSource(trueSource)

lif(peptalk)call displayBoundingBox(boundingBox,outputUnit)

call volumeMap(meshSource%geometryGrid, boundingBox, volumes)

totalVolume = sum(volumes) ! of cells with source in them
Tif(peptalk)write(outputUnit,*)* initial sum of volumes:*,totalVolume

nu = hasNonUniformSampling(trueSource%sourceGeom)

if(subCells>0 .and. .not.nu)then
call maskTrueSource4(meshSource%geometryGrid, trueSource,volumes, subCells)
totalVolume = sum(volumes) ! of cells with source in them
Tif(peptalk)write(outputUnit,*)* first try at volumes: ~,totalVolume
end if

1 for point sources, small shapes, etc we need to actually sample the source
1 for a non-uniform source, we need to sample it
if(totalVolume<=ZERO .or. nu)then

! none of the above selected points registered as valid source points

! Might be a degenerate source so try sampling the source

write(outputUnit,*)” WARNING: In creating a mesh source using cell center sampling”
write(outputUnit,*)” (subCells=",subCells, ") no cells with source were found."
write(outputUnit,*)” Using sourceTrials=",sourceTrials,” to create source.”

if(sourceTrials>sourceTrialsDefault*10)then

write(outputUnit,*)” WARNING: The number of source trials for making a mesh source
write(outputUnit,*)” This step may take a while...~
end if

if(sourceTrials>sourceTrialsDefault*100)then
sourceTrials = 100*sourceTrialsDefault
write(outputUnit,*)" Source trials capped at
end if

,sourceTrials

call sourceMappedToGrid(meshSource%geometryGrid,trueSource, &
sourceTrials, volumes)
I modified by Y.F. Chen 2011
1 change source intensity
open(unit=100, File="sourcemap.txt")
read (100, " (18)")(sourcenum)
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211 do i=1,sourcenum

212 read (100, "(3(13,1X),E11.4")(xX,Yy,zz,sourceintensity)
213 volumes(xx,Yyy,zz)=sourceintensity

214 end do

215 close(100)

216 !

217 totalVolume = sum(volumes) ! of cells with source in them

218 Tif(peptalk)write(outputUnit,*)* second try at volumes: ",totalVolume
219 write(outputUnit,*)" Done. "

220 end if

221

222 if(totalVolume<=ZERO)then

223 I There were no cells that have true source in them.

224 I The grid must not encompass the true source. Bummer.

225 I Fix it or the code will die with a divide-by-zero later

226 write(outputUnit,*)” No source found in geometryGrid!*
227 write(outputUnit,*)” Eeeeek. Have to assume a uniform source over the grid.”
228 call volumeMap(meshSource%geometryGrid, volumes)

229 totalVolume = totalDefinedVolumeGeometryGrid(meshSource%geometryGrid)
230 Tif(peptalk)write(outputUnit,*)” third try at volumes: ~,totalVolume
231 end if

232

233

234 volumes = volumes/totalVolume

235

236 I how many voxels really have source

237 ns =0

238 do k=1,nz

239 do j=1,ny

240 do i=1,nx

241 if(volumes(i,j,k)>ZERO)ns=ns+1

242 end do

243 end do

244 end do

245 meshSource%ns = ns

246 allocate(meshSource%energy(1:meshSource%ns,1:ng),stat=ierror)

247 if(ierror/=0)write(outputUnit,10)“energy”,ierror

248 allocate(meshSource%eweights(1l:meshSource%ns,1:ng),stat=ierror)
249 if(ierror/=0)write(outputUnit,10)“eweights”,ierror

250

251 ! the unbiased source pdf - function of space and energy

252 allocate(source(l:nr,1:ng),stat=ierror)

253 if(ierror/=0)write(outputUnit,10)“source”,ierror

254 source = ZERO

255 iregion = 0

256 do k=1,nz

257 do j=1,ny

258 do i=1,nx

259 iregion = iregion+1

260 source(iregion,l:ng) = volumes(i,]j,k)*trueSource%epdft(1:ng)
261 end do

262 end do

263 end do

264

265 I Step Three: Total Detector Response Function

266 if(peptalk)write(outputUnit,*)" Step Three®

267

268 I for the given source distribution, calculate the total detector
269 1 response function (integral of source()*adjflux() over E and space)
270 allocate(temp(l:nr,1:ng),stat=ierror)

271 if(ierror/=0)write(outputUnit,10) " temp”,ierror

272 temp = source*adjoint

273 totalDRF = sum(temp)

274 I for now, use total DRF per source particle

275 ! do not use:

276 ! totalDRF = totalDRF * trueSource%strength

277 I store it in the mesh importance map

278 if(totalDRF<=ZERO)then

279 write(outputUnit,507)totalDRF

280 507 format(/,&
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281 " The total detector response of importance map is ",ES14.7,/,&
282 " Since this represents the sum of the true source multiplied by the",/,&
283 - adjoint flux, this means that there were no voxels where both the",/,&
284 - true source and the adjoint flux were greater than zero.",/,&
285 " One cause of this could be using a neutron response function as ",/,&
286 - adjoint source with a true photon source.",/,&

287 " MAVRIC has been stopped.*®)

288 write(outputUnit,507)totalDRF

289 stop

290 end if

291 mesh ImportanceMap%totalDRFperSource = totalDRF

292

293 1 Step Three-B: The importance map

294 if(peptalk)write(outputUnit,*)” Step Three-B*

295

296 1 The importances for each energy group in each cell are defined as

297 ! the total detector response divided by the adjoint flux

298 I This corresponds to the center of the weight window

299 mesh ImportanceMap%importance = ZERO

300 iregion = 0

301 do k=1,nz

302 do j=1,ny

303 do i=1,nx

304 iregion = iregion + 1

305 do g=1,ng

306 if(adjoint(iregion,g)>ZERO)then

307 mesh ImportanceMap%importance(iregion,g) = totalDRF/adjoint(iregion,g)
308 end if

309 end do

310 end do

311 end do

312 end do

313

314 call destructEnergyStructure(meshlmportanceMap%energyStructure)

315 mesh ImportanceMap%energyStructure = copyEnergyStructure(energyStructure)
316

317 1 Step Four: The biased source distribution = sources*adjoint/totalDRF
318 ! only store spectra for non-zero voxels

319 if(peptalk)write(outputUnit,*)” Step Four®

320

321 iregion = 0

322 icount = 0

323 do k=1,nz

324 do j=1,ny

325 do i=1,nx

326 iregion = iregion + 1

327 if(volumes(i,Jj,k)>ZERO)then

328 icount = icount + 1

329 meshSource%energy(icount,1:ng) = temp(iregion,l:ng)/totalDRF
330 end if

331 end do

332 end do

333 end do

334

335 I mesh source is a general mesh source, so separate space and energy

336 I the weights of the biased source are equal to the weights of the imp map
337 I but the meshSource class wants the space and energy separated,

338 1 so that each can be independent

339

340 meshSource%vweights = ZERO

341 meshSource%eweights = ZERO

342 unbiasedSum = sum(trueSource%epdf)

343 if(unbiasedSum<=ZERO)then

344 write(outputUnit,*)“UnbiasedSum of source of importance map is °,unbiasedSum
345 call displaySource(trueSource, outputUnit)

346 end if

347 iregion = 0

348 icount =0

349 allocate(eweight(1:ng))

350 do k=1,nz
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351 do j=1,ny

352 do i=1,nx

353 iregion = iregion + 1

354 meshSourceY%spectra(i,j.,k) = 0

355 volume = volumes(i,j,k)

356

357 if(volume>ZERO)then

358 icount = icount + 1

359

360 meshSource%spectra(i,j,k) = icount

361 biasedSum = sum(meshSource%energy(icount,1:ng))
362 meshSource%amounts(i,j,k) = biasedSum

363 if(biasedSum>ZERO) then

364 meshSource%energy(icount,1:ng) = &

365 meshSource%energy(icount,1:ng)/biasedSum
366 vweight = unbiasedSum*volume/biasedSum

367 meshSource%vweights(i,j,k) = vweight

368 eweight(1:ng) = meshlmportanceMap%importance(iregion,l:ng)/vweight
369 where (trueSource%epdf==ZERO)

370 eweight = ZERO

371 end where

372 meshSource%eweights(icount,1:ng) = eweight(l:ng)
373 end if

374

375 end if

376 end do

377 end do

378 end do

379

380 I Step Five: Finish up the mesh source

381 if(peptalk)write(outputUnit,*)" Step Five*

382

383 meshSource%ew = .true.

384 meshSource%va = .true.

385 meshSource%vw = .true.

386

387 I if the true source was degenerate in any dimension,

388 ! try to preserve that

389 i f(boundingBox%xmax<=boundingBox%xmin)then

390 meshSource%xdegen = .true.

391 meshSource%xval = boundingBox%xmin

392 end if

393 i f(boundingBox%ymax<=boundingBox%ymin)then

394 meshSource%ydegen = _true.

395 meshSource%yval = boundingBox%ymin

396 end if

397 if(boundingBox%zmax<=boundingBox%zmin)then

398 meshSource%zdegen = .true.

399 meshSource%zval = boundingBox%zmin

400 end if

401

402 I if the original source was limited by unit, region or mixture
403 1 try to preserve that

404 meshSource%limunit = trueSource%unit

405 meshSource%limMedia = trueSource%media

406 meshSource%limMixture = trueSource%Mixture

407

408 1 scale for the total source strength

409 meshSource%amounts = meshSource%amounts*trueSource%strength
410

411 I energy structure

412 call destructEnergyStructure(meshSource%energyStructure)
413 meshSource%energyStructure = copyEnergyStructure(energyStructure)
414

415 I Fill up the total arrays needed for sampling

416 call prepareMeshSource(meshSource)

417

418 I Step Six: Garbage Collection

419 if(peptalk)write(outputUnit,*)” Step Six”

420
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421
422
423
424
425
426
427
428
429

461
462

deallocate(eweight)
deal locate(temp)
deallocate(source)
deallocate(volumes)
deallocate(adjoint)
end subroutine setupCADIS1

! Subroutine - only for TORT"s with continuous mesh

1 subroutine - dumb down the biased source distribution so that Monaco
1 can use it

1 What?? Is this used, is it even right???

! Looks like adjoint is found from an empty importance map?!?!

subroutine separableBiasedSource(source, meshSource, outputUnit, &

! Subroutine - only for TORT"s with continuous mesh
1 Set up a mesh source with only one mesh cell - same as a standard source

1
! Used during testing of CADIS stuff
subroutine simpleMeshSource(source, outputUnit, meshSource)

1 Subroutine

subroutine checkAdjointFlux(nr,ng,adjoint,outputUnit)

end module cadis_module
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