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Abstract

DKRDOSE and DKRCONVERT are two auxiliary data handling programs that are
used to calculate dose rates from the decay gamma-ray sources computed by the
DKR and DKR-1100 radioactivity codes. DKRCONVERT takes the binary decay
gamma-ray source file produced by DKR (DKR-1100) and converts it into a fido
formatted decay gamma-ray source file. This decay gamma-ray source file is
used to compute dose rates within DKRDOSE either by direct multiplication with
the tissue kerma adjoint field or by use as decay gamma-ray sources for a
photon transport calculation with the computed gamma-ray flux being multiplied

by gamma-ray flux-to-dose rate factors.



1. Introduction

Along with the calculation of radioactivity, afterheat and bhp, the
calculation of dose rate is another quantity of importance and concern in a
fusion reactor design. Particularly the determination of the radioactivity
and dose rate play a major role in determining the first wall material,
blanket structure, environmental impact and maintenance procedures of the
fusion reactor.

The radioactivity, afterheat and bhp are calculated by the DKR(l) and
DKR—llOO(Z) radioactivity codes. The decay gamma-ray source computed by DKR
(DKR-1100) is used by the DKRDOSE code to calculate either spatially dependent
dose rates at a specific time, t, after shutdown or time dependent dose rates
at a specific position, r. The DKRCONVERT program is an intermediate data
handling program used to rewrite and transfer gamma-ray source data from DKR
(DKR-1100) to DKRDOSE or ANISN.

Section 2 contains a brief outline of the calculational procedure used
and the tissue kerma data employed in the computation of dose rates. A
description of the input data required for the DKRDOSE and DKRCONVERT programs
is given 1in Section 3. The Appendix contains sample problems and program

listings of both codes.

2. Calculational Procedure and Data

2.1 Calculational Procedure

Two calculational schemes are used to compute dose rates at various po-
sitions within the Target Development Facility. The separate computational
steps involved are shown in the flowchart diagrams of Fig. 1 for the forward

scheme and in Fig. 2 for the adjoint scheme.
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Fig. 1. Flowchart for the calculation of dose rates using the forward scheme.
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The forward scheme is composed of four separate steps to compute decay
gamma dose rates. The first step is the determination of the steady state
neutron flux throughout the reactor using the one-dimensional transport code
ANISN.(3) The input to ANISN consists of neutron sources and neutron cross-
sections. Gamma photon cross-sections and prompt gamma production data are
required as additional input if the prompt gamma dose is of interest. The
second step involves the use of the DKR code to compute material activation
resulting from neutron transmutation reactions and the computation of the de-
cay gamma source. Determination of the decay gamma source involves multiply-
ing the disintegrations per second of an isotope by its gamma spectrum per
decay and summing over all isotopes. The input to DKR consists of the neutron
flux, isotopic reaction rate cross-sections, isotopic decay gamma production
data, and isotopic decay data (decay constant, mode of decay). The third step
is the calculation of the steady state gamma flux throughout the facility
using the decay gamma sources and the ANISN transport code. Input for the
gamma flux calculations consists of the decay gamma sources computed by the
DKR code and the gamma photon cross-sections. The input to the ANISN code is
prepared by the auxiliary data handling program, DKRCONVERT (not shown on the
flowchart of Fig. 1) which rewrites the binary gamma-ray source file into a
fido formatted gamma-ray source file required for ANISN input. The fourth and
final step is the multiplication of the gamma flux at a position, r, by the
tissue flux-to-dose conversion factors to obtain the dose rate at the posi-
tion, r. This operation is performed by the auxiliary code DOSE. If there is
interest in the neutron and prompt gamma dose rates, they can be computed
directly from the step 1 ANISN neutron and prompt gamma fluxes by use of DOSE

and the tissue flux-to-dose conversion factors (see Fig. 1). Note, the prompt
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neutron and gamma photon dose is not required for an after shutdown decay
gamma dose calculation.

The adjoint scheme also uses four separate computational steps for the
determination of decay gamma dose rates. Steps one and two are identical to
those of the forward scheme. Step three is the determination of the adjoint
dose field throughout the facility using the ANISN transport code. The input
consists of the flux-to-dose conversion factors at the position, r, and the
gamma photon adjoint cross-sections. The fourth and final step is the multi-
plication of the adjoint field by the gamma decay sources, which have been
written into fido format by the DKRCONVERT auxiliary data handling program
from the DKR (DKR-1100) computed gamma-ray sources in step two, to obtain the
dose rate at the position, r.

The forward scheme is used if it is of interest to obtain the dose rate
as a function of position throughout the facility at a specific time after
shutdown. The adjoint scheme is employed if the dose rate at a given posi-
tion, but for various times after shutdown of the facility, is required.
Thus, depending on the nature and particular requirements of the problem, the
forward or adjoint scheme is chosen. If the dose rate at one position, r',
and at one time after shutdown, t', is required, then usually it is more ad-
vantageous to use the forward scheme as it provides additional dose rate in-

formation at other positions.

2.2 Data Libraries

The data required for a dose rate calculation are the flux-to-dose rate
conversion factors taken from the American National Standard 6.11.(4) The

gamma-ray data given in the standard has been collapsed to the 21 gamma-ray



energy group structure required by the DKR (DKR-1100) activation codes and the
photon cross section library used in the ANISN transport calculations.(5)
Also, the neutron flux-to-dose rate conversion factors given in the standard
have been collapsed to the 25 neutron group structure of the neutron cross
section library. Therefore, the dose rate due to decay gamma-rays and that
due to prompt neutrons and gamma-rays can be computed with the DKRDOSE pro-
gram. Table 2.1 presents the gamma-ray and neutron flux-to-dose rate conver-

sion factors used in DKRDOSE. The dose rates computed have the units mrem/hr.

3. Description of Input

3.1 Input Data for the DKRDUSE Program

Card No. 1 (A72)

Title Card

Card No. 2 (816,F12.3)

LID 1-6 Identification number

LTH 7-12 Program execution option
1: Calculate spatially dependent dose rates with
forward flux
2: Calculate time dependent dose rates with adjoint

field
LGE 13-18  Geometry
1: slab
2: cylinder
3: sphere
4: torus
NGRP 19-24  Number of energy groups in the problem

21: gamma-ray energy group structure
25. neutron energy group structure

NAS 25-30 Number of after shutdown times
IZN 31-36 Number of zones
INTVAL 37-42  Number of mesh cells (intervals)



Table 2.1. Gamma-Ray and Neutron Flux-to-Dose-Rate Factor

Units [mrem/hr]

Energy Group Gamma-Ray Factors Neutron-Factors
1 1.180E-02 2.081E-01
2 1.030E-02 1.908E-01
3 8.776E-03 1.720E-01
4 7.845E-03 1.551E-01
5 7.477E-03 1.471E-01
6 7.110E-03 1.471E-01
7 6.740E-03 1.471E-01
8 6.371E-03 1.473E-01
9 6.003E-03 1.495E-01

10 5.604E-03 1.522E-01
11 5.226E-03 1.543E-01
12 4.828E-03 1.464E-01
13 4.407E-03 1.372E-01
14 3.960E-03 1.287E-01
15 3.467E-03 1.270E-01
16 2.925E-03 1.271E-01
17 2.310E-03 9.815E-02
18 1.508E-03 5.596E-02
19 7.533E-04 2.167E-02
20 3.833E-04 5.695E-03
21 5.741E-04 3.692E-03
22 4.081E-03
23 4,472E-03
24 4.524E-03
25 3.973E-03



IPOS 43-48

RTORUS 49-60

Card No. 3 (6E12.3)

Radius(l) 1-12
Radius(2) 13-24
Radius(3) 25-36
Radius(IZN+1)

Card No. 4 (1216)

NINT(1) 1-6

NINT(2) 7-12

NINT(IZN)

Card No. 5 (12A4)

BAS(1) 1-4
BAS(2) 5-8
BAS (NAS)

Interval number for which dose rate is computed

0: dose rate is calculated for all intervals (only
used in the forward case)

n: interval number for which dose rate is computed

Radius of the torus (tokamak, stellarator, etc.)

Inner radius of first zone
Outer radius of first zone

Outer radius of second zone

Outer radius of last zone

Number of intervals in the first zone

Number of intervals in the second zone

Number of intervals in the last zone

Alphanumeric characters for the first after shutdown
time

Alphanumeric characters for the second after shutdown
time

Alphanumeric characters for the last after shutdown

time



NGRP
NAS
IZN
INTVAL

N5(5)
N6(6)
N8(18)
N9(19)

Table 3.1. DKRDOSE Dimensions

Number of energy groups (21 gamma ray or 25 neutron)
Number of after shutdown times (< 12)

Number of material zones (< 100)

Number of mesh intervals (< 400)

Table 3.2. DKRDOSE I1/0 Units

Standard input unit from which the basic data cards are read
Standard output unit for printing
Gamma-ray source file (only used in the adjoint case)

Forward gamma-ray or neutron flux file (used in the forward case)
Gamma or neutron tissue kerma adjoint field file (used in the adjoint
case)



3.2 Input for the DKRCONVERT Program

Card No. 1 (21I6)

NF 1-6

ISRT 71-12

Card No. 2 (1l0l6)

NT(1) 1-6

INTR(1) 7-12
NT(2) 13-18
INTR(2) 19-24

NT(NF)
INTR{NF)
Card No. 3 (216)

LAS 1-6

IPOS 7-12

Number of binary files gamma-ray data is read from

Number

of additional gamma-ray source values inserted

into the file

Binary
Number
Binary

Number

Binary

Number

Number

file of first gamma-ray source file
of the last mesh cell on first source file
file of second gamma-ray source file

of the last mesh cell on the second source file

file of last gamma-ray source file

of the last mesh cell on the last source file

of the after shutdown time to which additional

gamma-ray sources are inserted

0: a

gamma-ray value of zero is inserted at position,

IPOS, for all after shutdown times

n: the gamma-ray sources given in Card No. 4 are
inserted at the time after shutdown, LAS. A1l
other times receive the value zero

Position at which the additional gamma-ray sources are

added

Card No. 4 (6E12.3) (only required if LAS > 0)

Value(l) 1-12

Value(2) 13-24

Value(21)

The group 1 gamma-ray source to be added

The group 2 gamma-ray source to be added

The group 21 gamma-ray source to be added

10



Cards 3 and 4 are repeated ISRT times (i.e., for each position for which
additional gamma-ray sources are inserted).
Notes

The question naturally arises, why insert extra gamma-ray sources or
extra mesh cells. There are several reasons for doing so. First, as is
mentioned in the DKR-1100 manual, when the radiocactivity is computed for a
reactor which contains a central vacuum or void, the mesh cells placed in the
void for the neutron transport calculation are removed via the LCLPS parameter
in the activation calculation. Thus if the dose rate within the void is re-
quired, then these deleted void mesh cells must be replaced. This is done via
the ISRT parameter (ISRT=0) in DKRCONVERT. Second, if the dose rate external
to the reactor (the outer edge of the reactor) is required, the extra mesh
cell external to the reactor can be inserted by using the ISRT parameter.
Third, in ICF reactors, the condensable target debris is plated onto the inner
surface of the first wall structure. Thus, to properly take the debris decay
gamma-ray sources into account, a mesh cell containing the target debris
gamma-ray sources must be added prior to the first wall structure. Again this

can be done via the ISRT parameter.
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Table 3.3. DKRCONVERT Dimensions

NF Number of binary gamma-ray source files from which data is read (< 5)
INTR Number of final mesh intervals (< 150)
NAS Number of after shutdown times (< 12)

NGRP Number of energy groups (< 21)

Table 3.4. DKRCONVERT I/0 Units

N5(5) Standard input unit from which the basic data cards are read
N6(6) Standard output unit for printing

NT12(12) Fido formatted gamma-ray source output unit

NT(1) Input unit of first gamma-ray source file

NT(2) Input unit of second gamma-ray source file

NT(&F) Input unit of last gamma-ray source file
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Appendi x

A. Sample Problems for DKRDOSE

A.1 Sample Problem #1

The dose rate for an aluminum first wall, 16.2 cm thick, followed by a
300 cm thick borated water shield is computed using the forward (direct)
option. Since the IPOS parameter equals zero, the dose rate for all positions

is computed.
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A.2 Sample Problem #2

The dose rate for an aluminum first wall, 4 cm thick, is computed for the
mesh cell #15 by using the adjoint option. The aluminum wall is preceded by a
carbon ISSEC, 10 cm thick, and a Boral sheet, 1 cm thick. A Boral sheet, 1 cm
thick, and a 300 cm thick borated water shield follow the first wall. The

dose rate is computed for 12 after shutdown times.
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B. Sample Problem for DKRCONVERT

The sample problem consists of combining two binary gamma-ray source
files and inserting two additional mesh cells, one at the inner edge (begin-
ning) and one at the outer edge (end). The binary files are read from units 2
and 3. The inserted mesh cells are for positions 1 and 81.

Note

The output file created has the following format (I2,A1,E9.3). Thus, the
output looks Tlike the following examples 12R_.xxx+xxx or _0 .xxx+xxx. If the
input to ANISN 1is read format free, the 0O on the second example must be re-
moved or one will obtain an error for the ANISN source read. The 0 can be re-

moved by an editor using a global _0O_ change to command.
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