JAEA-Research 2012-020(~K<Z 7 )

BRYLZh K51 2 X 7 A CDE D BE %%

HAJE 7 AT FEBR SRS I ) L i T2 e
Popk  ORME, NG AL OR BAL RE BUR. ARE M. AR SR
$C:: S N (DA

(2012426 H 6 B = Fl)

TRk 28 4 83 H 11 FIZHE AL U7 AR M AR R (1 5 AR D e 5 55 — R+ /) 568
FrOFEBIT LY | REOBINMEWE B RETICHM SN, ZTAOIREHFEHIZD » T hEgEE
Mg L, HIREEF ISR 2 ZRBERE EA S Tn5, RIFE TR, ZERBEREE)
RN S T D BRYLGTH A2 LR T D720, MR LR D KB IT DBREERIC L 2HERD
1K R 25 3% >~ 7 b7 =7 CDE (Calculation system for Decontamination Effect) %
BA% L7z, CDE %, BFEBRBICIALS M L CW A EMEE > 0 A2 UL CER LR ES 5T
—ZRXR=Z2FHWT, REVGREET — 2 IS RERTOEMBER LR L, I HICkkRY
DEGWE R T RGURE A W TR O ZZRIFR ERE2 THT 5, BRYERITHR &R R
IZkoT&RIN, 200 ORFITRERZHBOHIEX BIZrfbsingd, AREETIZ, YV
7 b =7 OMEROREFTEFIEICONTERS, £7o, BECAR I TV D 3 RIS
fk = — RN PHITS & 72 PR pE i & SR AR SR O FHiE R & o iz >nW T b i1 2,
EHICHHRC, CDE OMBEHHE T 07T A0y —2Aa— K EBURHHAEZ BT 5,

JEF B FEAT (BEAE) © T319-1195  ZRy IR AR ETAR AT B2 07 AR 2-4
+ webtEtr s —
*  BRASHET by 7 2 (2012 4 3 H £ TR B TSR E P T E)



JAEA-Research 2012-020(Draft)

Development of Calculation System for Decontamination Effect, CDE

Daiki SATOH, Kensuke KOJIMA, Akito OIZUMI, Norihiro MATSUDA, Teruhiko KUGO,
Yukio SAKAMOTO*, Akira ENDO and Shigeaki OKAJIMA+

Nuclear Science and Engineering Directorate,
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 6, 2012)

Large amount of radionuclides had been discharged to environment in the accident
of the Tokyo Electric Power Company Fukushima Daiichi Nuclear Power Plant caused by
the 2011 off the Pacific coast of Tohoku Earthquake. The radionuclides deposited on the
ground elevate dose rates in large area around the Fukushima site. For the reduction of the
dose rate and recovery of the environment, decontamination based on a rational plan is an
important and urgent subject. A computer software, named CDE (Calculation system for
Decontamination Effect), has been developed to support planning the decontamination.
CDE calculates the dose rates before the decontamination by using a database of dose
contributions by radioactive cesium. The decontamination factor is utilized in the
prediction of the dose rates after the decontamination, and dose rate reduction factor is
evaluated to express the decontamination effect. The results are visualized on the image of
a target zone with color map. In this paper, the overview of the software and the dose
calculation method are reported. The comparison with the calculation results by a
three-dimensional radiation transport code PHITS is also presented. In addition, the
source code of the dose calculation program and user’s manual of CDE are attached as

appendices.
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M1 Y—Aa—F

Fortran90 Citit =i 7= CDE OfEfIE v 77 LD Y — A 23— R&it7,

CDE_Engine2.f90

! Programed by CDE development team of Nuclear Science and Engineering
! Directorate (NSED).
! http://nsed.jaea.go.jp/josen/

! Revision 1.00 ( 2011.11.02. Public release )

! Revision 2.00 ( 2011.11.30. for CDE ver.1.06 )

I -> Modified the algorithm to calculate the decay scheme of radioactive

! nuclide.

! Revision 2.50 ( 2011.12.08. for CDE ver.1.07)

! -> Bug fix. Modified the algorithm to judge the mountain effect.

! Revision 3.00 ( 2012.01.05. for CDE ver.2.01 )

! -> Added the function to estimate the dose reduction by shielding with soil.
! Revision 3.01 ( 2012.02.02. for CDE ver.2.02 )

! -> Modified the program for large-mesh calculation with GPS point data.

integer,parameter:: numres=100

integer:: iresol, maxinrow, maxinclm, maxinrow2, maxinclm2, maxid

integer,allocatable,dimension(:) :: imount(:) ! ID for mountains
real(8) :: A default I [MBq/cm”~2]
real(8),parameter:: DF_default=1.do, Depth_default=0.de

! Elapsed time from the accident (2011.3.11) to measurement [day].
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real(8):: Tmeas
Elapsed time from the accident (2011.3.11) to evaluation [day].
real(8):: Teval

integer,allocatable,dimension(:) itemp(:,:)
integer,allocatable,dimension(:) iA(:, )
integer,allocatable,dimension(:) iDF(:,:)
integer,allocatable,dimension(:) Bg mSv_Tr(:)
real(8),allocatable,dimension(:) :: DF_table(:)
real(8),allocatable,dimension(:) :: A table(:)

! Added on Rev.3

real(8),allocatable,dimension(:) :: Depth_table(:)
! GPS point data
real(8),allocatable,dimension(:) :: gps_Apoint(:,:)

real(8),allocatable,dimension(:) :: gps_work(:,:)

real(8):: T134, T137, D134, D137, R134, R137

real(8):: act, dec, fact, templ, temp2, temp5

real(8):: respl34(-numres:numres,-numres:numres)=0.do
real(8):: respl37(-numres:numres,-numres:numres)=0.d0
real(8),allocatable,dimension(:) :: dose@@(:,:), doseDF(:,:), DRRF(:,:)
integer:: d_row_min, d_row_max, d_clm_min, d_clm_max
integer:: i, j, k, 1, k2, 12, kcnt, lcnt, io, id, i1, i2
integer:: numGeom, itemp3, itemp4, idwork, numGeom_work
! GPS flag

integer gps_dt

character:: cmax*80

character:: Dummy*80

! Added on Rev.3

real(8):: R134 dep, R137 _dep, dep, yl, y2

real(8):: respl34_O5cm(-numres:numres, -numres:numres)=0.do
real(8):: respl37_O5cm(-numres:numres, -numres:numres)=0.do
real(8):: respl34_50cm(-numres:numres, -numres:numres)=0.do
real(8):: respl37_50cm(-numres:numres, -numres:numres)=0.do
real(8):: x1_0, x2_5, x1_5, x2_50, x_work, act_soilwork



I Constants

T134 = 2.0648 | [years], Half time of Cs-134
T137 =30.1671 ! [years], Half time of Cs-137

|w)
=
w
H
]

dlog(2.de) / (T134*365) ! [1/day], Decay constant for Cs-134
dlog(2.de) / (T137*365) ! [1/day], Decay constant for Cs-137

o
e
w
~N
1]

open(unit=9, file='./work/responsel34.data',status="0ld")
open(unit=10,file="./work/responsel37.data',status="0ld")

! Added on Rev.3
open(unit=11,file="./work/responsel34 _@©5cm.data’',status="'0ld")
open(unit=12,file="./work/responsel37_@5cm.data’',status="'0ld")
open(unit=13,file="./work/responsel34_50cm.data’',status="0ld")
open(unit=14,file="./work/responsel37_50cm.data’',status="0ld")

do i = -numres, numres
read(9,*) respl34(i,-numres:numres)
read(10,*) respl37(i,-numres:numres)
! Added on Rev.03
read(11,*) respl34_05cm(i, -numres:numres)
read(12,*) respl37_05cm(i, -numres:numres)
read(13,*) respl34_50cm(i, -numres:numres)
read(14,*) respl37_50cm(i, -numres:numres)

end do

close(9)

close(10)

close(11)

close(12)

close(13)

close(14)

I dummy read

open(unit=22,file="./work/A _ table.data',status="o0ld")
read(22,*,iostat=io) Dummy

read(22,*,iostat=io) Dummy
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read(22,*,iostat=i0) Dummy
idwork =-1
numGeom_work = @
do
read(22,*,iostat=io) id, itemp3, templ, itemp4, temp2, temp5
if( io == -1 ) exit
numGeom_work = numGeom_work + 1
if (id >= idwork) then
idwork = id
endif
end do
numGeom = idwork

rewind(22)

read(22,*,iostat=io) itemp3, itemp4, gps_dt
maxinrow=itemp3-1

maxinclm=itemp4-1

read(22,*,iostat=io0) Dummy

read(22,*,iostat=io) iresol, Tmeas, Teval

--- obsolete ---

if( Tmeas > Teval ) then
write(*,'(a)"') 'ERROR: Teval must be greater than Tmeas!!’
stop

end if

--- revision 1.00 ---
R134 = dexp(-D134*Tmeas) / ( dexp(-D134*Tmeas) + dexp(-D137*Tmeas) )
R137 = dexp(-D137*Tmeas) / ( dexp(-D134*Tmeas) + dexp(-D137*Tmeas) )

---revison 2.00 ---
R134 = 1.do / ( dexp(-D134*Tmeas) + dexp(-D137*Tmeas) )
R137 = 1.d0 / ( dexp(-D134*Tmeas) + dexp(-D137*Tmeas) )
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allocate(itemp(@:maxinrow,®:maxinclm))
allocate(dose@@(@:maxinrow,®:maxinclm))
allocate(doseDF(@:maxinrow,@®:maxinclm))
allocate(DRRF(@:maxinrow,@:maxinclm))
allocate(imount(@:numGeom))
allocate(Bg_mSv_Tr(@:numGeom))
allocate(A table(@:numGeom))
allocate(DF_table(©:numGeom))

! Added on Rev.3
allocate(Depth_table(®:numGeom))

do i = 8, numGeom
imount(i) = ©
Bg_mSv_Tr(i)= @
A table(i) = 0.0
DF_table(i) = 0.0

! Added on Rev.3

Depth_table(i) = 0.0

end do

do i = 0, maxinclm
do j = 0, maxinrow

itemp(j,i) = 0.de

dose00(j,i) = 0.deo
doseDF(j,i) = ©.de
DRRF(j,i) = 0.de
end do
end do
!
do

read(22,*,iostat=io) id, itemp3, templ, itemp4, temp2, temp5

if( io == -1 ) exit

if( id > numGeom ) then
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write(*,'(a,2i3)"') &
& 'ERROR: The assigned ID must be less than MAXID. (id,numGeom)=',id,numGeom
stop

end if

imount(id) = itemp3
Bg mSv_Tr(id)= itemp4
if (itemp4 == 2 ) then

A _table(id) = (templ/1000000.0)/1.074e-01
else if(itemp4 == 3 ) then

A_table(id) = (templ/1000000.0)/5.819e-02

else

A_table(id)
end if

DF_table(id) = temp2

templ/1000000.0

Depth_table(id) = temp5
end do

A _default= A _table(9)
close(22)

maxinrow2=(maxinrow+1l)*iresol-1

maxinclm2=(maxinclm+1l)*iresol-1

allocate(iA(@:maxinrow2,0:maxinclm2))

allocate(iDF(@:maxinrow2,0:maxinclm2))

! Read the input data for the activity in the unit of [Bq/cm2]or[uSv/h].
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open(unit=12,file="./work/A.data',status="'0ld")
do k = @, maxinrow
read(12,*) itemp(k,@:maxinclm)
end do
close(12)

k = -1
do k2 = @, maxinrow2
if( mod(k2,iresol) == 0 ) k = k + 1
1=-1
do 12 = 9, maxinclm2
if( mod(l2,iresol) ==0 ) 1 =1+ 1
iA(k2,12) = itemp(k,1)
iDF(k2,12) = itemp(k,1)
end do
end do
IRevision 3
! GPS point data
if ( gps_dt == 3 ) then

allocate(gps_Apoint(@:maxinrow2,0:maxinclm2))

do i = @, maxinclm2
do j = 0, maxinrow2
gps_Apoint(j,i) = ©.0do
end do

end do

allocate(gps_work(@:maxinrow,@:maxinclm))
do i = 0, maxinclm
do j = @, maxinrow
gps_work(j,i) = @.de
end do

end do
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open(unit=13,file="./work/gpspoint.data’',status="0ld")

do k = @, maxinrow

read(13,*) gps_work(k,@:maxinclm)

end do
close(13)
k = -1
do k2 = @, maxinrow2

if( mod(k2,iresol) == 0 ) k = k + 1

l1=-1

do 12 = @, maxinclm2

if( mod(l2,iresol) ==0 ) 1 =1 + 1
gps_Apoint(k2,12) = (gps_work(k,1)/1000000.0)/5.819e-02

end do
end do

endif

I o s s s s s s P P 0 S P P S P S S P 0 0 S 0 S S S S 0 P I S S

RDEXP134=R134*dexp(-D134*Teval)
RDEXP137=R137*dexp(-D137*Teval)

x1_ 0 = 0.do
x2_5 = 5.do
x1_ 5 = 5.do

x2_50 = 5.d1

!
! GPS point data
if( gps_dt == 3 ) then
k = -1

INROW_LOOP: do k2 = @, maxinrow2
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d row_min -k2
d row_max = maxinrow2-k2
if( mod(k2,iresol) == 0 ) k = k + 1

1=-1

INCLM LOOP: do 12 = 0@, maxinclm2

-12

d_clm_min

maxinclm2-12

d_clm_max

if( mod(1l2,iresol) == 90 ) 1 =1+ 1
resrow_loop: do i = -numres, numres
resclm_loop: do j = -numres, numres
if( i >= d_row_min .and. i <= d_row_max .and. &

j >= d_clm_min .and. j <= d_clm_max ) then

i1 = iA(k2+i,12+3)
act = gps_Apoint(k2+i,12+3j)
if( imount(il) == .and. abs(i) <= 2 .and. &
abs(j) <= 2 .and. abs(i)+abs(j) /= @) then
fact = 1.2do

else
fact = 1.0d0
end if
act = act*fact
dec = DF_table(il)
dep = Depth_table(il)
else
fact= 1.do
act = A_default*fact
dec = DF_default
dep = Depth_default
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end if

---------- Added on Rev.3

if( dep <=
R134_dep
R137 _dep

else if( de

P

.de ) then
respl34(i,j)
respl37(i,j)

> 0.do .and. dep <= 5.d0 ) then
x_work = (dep-x1_0) / (x2_5-x1_0)

yl = respl34(i,j)

y2 = respl34_05cm(i,]j)

R134_dep = y1 * exp( log(y2/yl) * x_work )

yl = resp137(i,j)

y2 = respl37_05cm(i,j)

R137_dep = y1 * exp( log(y2/yl) * x_work )

else if( dep > 5.d0 .and. dep <= 5.d1 ) then
x_work = (dep-x1_5) / (x2_50-x1_5)

yl = respl34_05cm(i,]j)

y2 = respl34_50cm(i,]j)

R134_dep = y1 * exp( log(y2/yl) * x_work )

yl = respl37_05cm(i,J)

y2 = respl37_50cm(i,J)

R137_dep = y1 * exp( log(y2/yl) * x_work )

else

end if

log-linear

log-linear

log-linear

log-linear

actwork = act*( RDEXP134*respl34(i,j) + RDEXP137*respl37(i,j) )
act_soilwork = act*( RDEXP134*R134_dep + RDEXP137*R137_dep )

dose@0(k,1)
doseDF (k,1)

end do resclm_

= dose@0(k,1l) + actwork
= doseDF(k,1) + act_soilwork/dec !

loop

end do resrow_loop

[micro-Sv/h] Before

[micro-Sv/h] After



end do INCLM_LOOP

end do INROW_LOOP
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else
e
k = -1
INROW_LOOP2: do k2 = @, maxinrow?2
d_row_min = -k2

d_row_max = maxinrow2-k2
if( mod(k2,iresol) == 0 ) k = k + 1
l1=-1

INCLM _LOOP2: do 12 = @, maxinclm2
-12

d_clm_min

d_clm_max = maxinclm2-12

if( mod(1l2,iresol) == 90 ) 1 =1+ 1

resrow_loop2: do i = -numres, numres
resclm_loop2: do j = -numres, numres
if( i >= d_row_min .and. i <= d_row_max .and. &

& j >= d_clm_min .and. j <= d_clm_max ) then

i1 = iA(k2+i,12+3)
if( imount(il) == .and. abs(i) <= 2 .and. &
& abs(j) <= 2 .and. abs(i)+abs(j) /= @) then
fact = 1.2do
else
fact = 1.0d0

end if

act = A _table(il)*fact

dec = DF_table(il)

dep = Depth_table(il)
else

fact= 1.do

_28-



act = A_default*fact

dec = DF_default

dep = Depth_default
end if

—————————— Added on Rev.3
if( dep <= 0.do ) then
R134_dep
R137_dep
else if( dep > 0.d0 .and. dep <= 5.d@ ) then
x_work = (dep-x1_0) / (x2_5-x1_0)
yl = respl34(i,j)

respl34(i,j)

resp137(i,j)

y2 = respl34_05cm(i,]j)
R134_dep = y1 * exp( log(y2/yl) * x_work )

yl = respl37(i,Jj)
y2 = respl37_05cm(i,]j)
R137_dep = y1 * exp( log(y2/yl) * x_work )

else if( dep > 5.d0 .and. dep <= 5.d1 ) then

x_work = (dep-x1_5) / (x2_50-x1_5)

yl = respl34 05cm(i,]j)

y2 = respl34_50cm(i,]j)

R134_dep = y1 * exp( log(y2/yl) * x_work )

yl = respl37_05cm(i,J)
y2 = respl37_50cm(i,J)
R137_dep = y1 * exp( log(y2/yl) * x_work )

else

end if

log-linear

log-linear

log-linear

log-linear

actwork = act*( RDEXP134*respl34(i,j) + RDEXP137*respl37(i,j) )
act_soilwork = act*( RDEXP134*R134_dep + RDEXP137*R137_dep )

dose@0(k,1l) = dose@o(k,1l) + actwork
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doseDF(k,1) = doseDF(k,1) + act_soilwork/dec ! [micro-Sv/h] After

end do resclm_loop2

end do resrow_loop2

end do INROW_LOOP2
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endif

dose00(0:maxinrow,@:maxinclm) dose00(0:maxinrow,®:maxinclm) / iresol**2

doseDF (@:maxinrow,@:maxinclm) doseDF (@:maxinrow,@:maxinclm) / iresol**2
DRRF(@:maxinrow,@:maxinclm) = dose@0@(@:maxinrow,@:maxinclm) / &

& doseDF(@:maxinrow,@:maxinclm)

open(unit=20,file="./work/map_dose@0.out',status="unknown")
open(unit=21,file="./work/map_doseDF.out',status="unknown")

open(unit=22,file="./work/map_DRRF.out',status="unknown')

write(cmax, '(i)"') maxinclm+1

do k = 0, maxinrow
write(20, ' ('//trim(cmax)//'esl10.3)"') dose@0d(k,0:maxinclm)
write(21, '('//trim(cmax)//'es10.3)"') doseDF(k,0:maxinclm)
write(22,'('//trim(cmax)//'es10.3)"') DRRF(k,0@:maxinclm)

end do

close(20)

close(21)

close(22)

deallocate(iA)
deallocate(iDF)
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deallocate(imount)
deallocate(Bg_mSv_Tr)
deallocate(A table)
deallocate(DF_table)
deallocate(itemp)
deallocate(dose@0)
deallocate(doseDF)
deallocate(DRRF)

! Added on Rev.3
deallocate(Depth_table)
if ( gps_dt == 3 ) then

deallocate(gps_Apoint)

deallocate(gps_work)

endif

stop
END PROGRAM MAIN
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