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ABSTRACT

This report describes a calculational method for the determination of biological
dose rate from irradiated research reactor fuels. The calculational method is imple-
mented in a computer program for quick and convenient assessment of multigroup
gamma and beta dose rates resulting from an arbitrary (user-supplied) irradiation
history. The FUELDR program calculates dose rates at a fixed dose point using built-in
fission product impulse source functions and precalculated gamma and beta transport
factors. The fixed dose point is located on the axial mid-plane at a distance of 3 ft
?I .44 c¢m) from the fuel element. Transport factors are included for sixteen unique

35U fuel types in use at thirteen nonpower reactor facilities.

NRC FIN No. A6398—A Calculational Method for Determining Dose Rate from
Nonpower Reactor Irradiated Fuel



SUMMARY

The determination of biological dose rate from
irradiated research reactor fuel may be required for
a variety of radiological safety and regulatory pur-
poses. This report describes a method for calculat-
iznﬁ gamma and beta dose rates from irradiated

U fuels.

Dose rates are calculated in three steps:

¢  Deiermination of the fuel element gamma
and beta source strengths

¢ Determination of the resulting energy flux
at the dose point

¢ Conversion of the dose point energy flux
to dose rate,

Time-dependent gamma and beta source
strengths are calculated using fission product im-
pulse source functions. The impulse source func-
tions are folded into an arbitrary (user-supplied)
irradiation history to generate multigroup photon
and electron source strengths at decay times from
Isto109s (approximately 30 years). The multi-
group structure contains 11 gamma and 11 beta
groups with group energies ranging from 100 keV
to 7.5 MeV.

Energy fluxes at a fixed dose point (3 ft, or
91.44 ¢cm, from the element) are obtained from the
calculated source strengths by using precalculated
photon and electron transport factors. The precal-
culated transport factors account for spatial distri-
bution of the source, for attenuation or energy loss
in the source and in any intervening materials, and
for the source-dose point geometry. Photon trans-
port factors were calculated using a three-dimensional
point-kernel shielding code. Electron transport fac-
tors were calculated using a continuous slowing down
approximation with corrections for radiative losses.
Precalculated factors (11 gamma and 11 beta) are in-
cluded for sixteen nonpower reactor fuel types.

Calculated dose point energy fluxes are converted
to dose rate by using energy-dependent flux-to-dose
conversion factors. Photon flux-to-dose conver-
sions were obtained using the methods recom-
mended in ANSI/ANS-6.1; electron flux-to-dose
conversions were obtained using the recommenda-
tions in International Commission on Radiological
Protection (ICRP) Publication 21.

i

Probable sources of error in the dose rate calcula-
tion are discussed. Specifically treated are errors in
the power history, errors in the fission product im-
pulse source functions, and errors in the calculated
transport factors.

The gamma component of the dose rate can be
calculated with high confidence. The dose contribu-
tion from electrons is shown to be sensitive to a
variety of modeling assumptions, e.g., uranium to
aluminum ratio in the fuel matrix. The greatest
uncertainty is in the low energy electron groups.
Contributions from the low energy groups tend to
dominate the calculated total dose rate for practical
irradiations and decay times.

The calculation method is implemented in a com-
puter program called FUELDR. FUELDR contains
all required fission product impulse source func-
tions, transport factors, and flux-to-dose conver-
sion factors. Minimal user input is required. The
facility and element type must be identified (by
keywords) and the element power history must be
supplied in simple histogram form. Dose rates at
the 3 ft (91.44 cm) dose point are calculated at user-
specified (or default) decay times. A program listing
and a detailed user's manual are provided in the ap-
pendices of this report.

It is recognized that the current Code of Federal
Regulations (10 CFR 73) self-protection exemption
is based on total dose rate and that some nonpower
reactor facilities may derive credit from some or all
of the beta contribution. It is also recognized the
electron dose is of debatable value for fuel self-
protection. The electron contribution may be trivi-
ally included or excluded from the assessment since
total, gamma, and beta dose rates are edited by
FUELDR.

The FUELDR program provides a quick and in-
expensive method of determining biological dose
rates from irradiated 235U fuels. The calculation
method should be validated by comparison with
dose rate measurements. Relatively straightforward
measurements of total gamma and total beta dose
rates from one or more fuel types would provide
confidence in the overall methodology and imple-
mentation. More detailed spectral measurements
would probably be required to resolve differences
in the predicted and measured dose rates, especially
for the low energy beta contributions.
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A CALCULATIONAL METHOD FOR DETERMINING BIOLOGICAL DOSE
RATES FROM IRRADIATED RESEARCH REACTOR FUEL

INTRODUCTION

The determination of biological dose rate from ir-
radiated research reactor fuel may be required for
radiological safety and/or regulatory purposes. In
particular, the Code of Federal Regulations
(10 CFR 73.6) establishes requirements for the phys-
ical protection of special nuclear material of moderate
and low strategic significance. The level of physical
protection at nonpower reactor facilities may be
reduced if the special nuclear material has a total ex-
ternal radiation dose rate in excess of 100 rems per
hour at a distance of 3 ft (91.44 cm) from any ac-
cessible surface without intervening shielding.

The most direct method of determining dose rate
is by measurement in air. Although direct, this
method can pose practical difficulties. These diffi-
culties include very high dose rates from some fuels,
possible conflict with the As-Low-As-Reasonably-
Achievable (ALARA) rule, and increased potential
for fuel damage. Performing the dose rate measure-
ment in water provides some relief but introduces
another difficulty: the measured values must be

converted to equivalent dose rates in air. This
conversion is not siraightforward due to the beta
contribution. Although the beta contribution fre-
quently dominates the total dose rate in air, the
range of the most energetic fission product beta is
only a few centimeters in water. The total dose rate
in air can only be inferred from the measured gam-
ma contribution.

A third method is to calculate the dose rate based
on the power history of the element. A variety of
source and transport approximations have been em-
ployed by the research reactor community. Although
some methods have provided good agreement with
measured data, they are restricted to particular fuel

types.

This report describes a consistent calculation
method for determining gamma and beta dose rates
from any type of fuel element. The required numer-
ical factors are provided for the fuel element types
listed in Table 1.

DOSE RATE CALCULATION

The dose rate calculation is accomplished in three
steps:

* Determination of the fuel element gamma
and beta source strengths resulting from a
specified power history

e Determination of the resulting energy flux
at the dose point

¢  Conversion of dose point energy flux to
dose rate.

General Methodology

Time-dependent gamma and beta source spectra
are calculated using the fission product analytic im-
pulse source functions of LaBauve et al. Gamma
and beta energy source functions for a fission pulse
are expressed as a summation of exponentials. The
source functions are folded into an input power
history to generate multigroup gamma and beta
energy sources. The multigroup structure contains
11 gamma and 11 beta groups.

Energy fluxes at a fixed dose point (3 ft, or
91.44 cm, from the element) are obtained by multi-
plying the energy source in each group by a prede-
termined transport factor for that energy group.
The transport factors (11 gamma and 11 beta) are
precalculated for each fuel element type. The gam-
ma transport factors were obtained using a three-
dimensional point-kernel shielding code. Beta
transport factors were calculated using a charged
particle energy loss model for the fuel element and
air.

Dose rates are obtained by multiplying the energy
fluxes at the dose point by an appropriate energy
flux-to-dose rate conversion factor.

Source Strength Calculation

The Los Alamos National Laboratory (LANL')
developed fission product impulse source functions
provide a relatively simple and inexpensive means
of calculating fission product decay spectra follow-
ing an arbitrary irradiation history.



Table 1. Keyword identifiers for research reactor fuel types

Facility Element
FNR STANDARD
FNR CONTROL
GATRIGAF ROD
GTRR STANDARD
MITR-11 STANDARD
MURR STANDARD
NBSR STANDARD
OSTR ROD
RINSC STANDARD
TAM-NSCR STANDARD
TAM-NSCR CONTROL
UCNR STANDARD
UCNR CONTROL
UVAR 12-PLATE
UVAR 18-PLATE
UVAR PARTIAL
UVAR CONTROL
UWNR STANDARD
WSUR STANDARD

Description

University of Michigan Ford Nuclear Reactor
University of Michigan Ford Nuclear Reactor

General Atomic TRIGA Mark F Reactor

Georgia Institute of Technology Research Reactor
Massachusetts Institute of Technology Research Reactor
University of Missouri Research Reactor

National Bureau of Standards Reactor

Oregon State University TRIGA Reactor

Rhode Island Nuclear Science Center Reactor

Texas A&M University Nuclear Science Center Reactor
Texas A&M University Nuclear Science Center Reactor
Union Carbide Nuclear Reactor

Union Carbide Nuclear Reactor

University of Virginia Reactor

University of Virginia Reactor

University of Virginia Reactor

University of Virginia Reactor

University of Wisconsin Nuclear Reactor

Washington State University Reactor

The impulse function is expressed as a sum of

exponentials

N

f(t) = Eo ic i

be obtained by integration. Following the develop-
ment of Reference 2, the function F(t,T) is defined
as the energy release per fission at t seconds after
the end of a fission interval with length T seconds
and a constant unit fission rate. The energy release
rate is then F(t,T) times the fission rate during the
interval. The function F(t,T) is given by

and represents the energy release rate at t seconds
after a unit fission pulse. The time-dependent en-
ergy release rate for a particular fission interval may

N
a, At 4. T
F(I.T)=E r-'c I(l-e ').
i

i=1



The coefficients a; and A; are typically obtained
by fitting to results of experiments and/or summa-
tion calculations. Fits have been obtained for total
decay heat3 and for a number of muhifroup gam-
ma and beta energy group structures.

The 235U fission product impulse functions devel-
oped in Reference 2 are used in the source calcula-
tion. Details of the energy group structure are shown
in Table 2. The a;, A; coefficient pairs are included
in the Appendix A listing of the FUELDR code.

Energy Transport Calculation

Dose point energy fluxes are obtaired from the
calculated photon and electron source strengths by
using transport factors. The predetermined trans-
port faciors account for spatial distribution of the
source, for attenuation or energy loss in the source
and any intervening materials, and for the source-
dose point geometry. A set of factors (11 beta and
11 gamma) is included for each unique fuel type
considered., -

Table 2. Source function energy group structure

Valid Decay
Energy Range Midpoint Number of Time Range
Gamma Group (MeV) (MeV) aj - A Pairs (s)
1 0.10--0.40 0.250 19 0.1--109
2 0.40--0.90 0.650 19 0.4--10%
3 0.90--1.35 1.125 19 0.1--10%
4 1.35--1.80 1.575 14 0.1--109
5 1.80--2.20 2.000 18 0.1-109
6 2.20--2.60 2.400 16 0.1--109
7 2.60--3.00 2.800 15 0.1--10%
N 3.00--4.00 3.500 16 0.1--107
9 4.00--5.00 4.500 16 0.1--10%
10 5.00--6.00 5.500 12 0.1--107
1 6.00--7.50 6.750 10 0.1--107
Beta Group
| 0.10--0.40 0.250 16 0.1--10%
2 0.40--0.90 0.650 17 0.1--10%
3 0.90--1.35 1.125 17 0.1--10%
4 1.35--1.80 1.575 17 0.1--10%
5 1.80--2.20 2.000 16 0.1--10%
“ 2.20--2.60 2,400 16 0.1--10%
7 2.60--3.00 2.800 15 0.1--10%
- 3.00--4.00 3.500 15 0.1--10%
9 4.00--5.00 4.500 14 0.1--10%
10 5.00--6.00 5.500 13 0.1--107
1 6.00--7.50 6.750 1 0.1--107




Photon Transport Factors. Photon transport fac-
tors were calculated using the three-dimensional
point-kernel shielding code QAD.4 In the QAD
series of codes” the source volume is represented
by an arbitrarily large number of point sources.
Geometric attenuation and material attenuation are
determined by the distance between the source point
and the dose point, and by the material properties
of the source and any additional shielding present.
Very detailed geometries can be accommodated.
QAD solves for the uncollided photon (energy) flux
assuming the appropriate geometric attenuation and
assuming exponential material attenuation. The flux
contribution from scattering events is accounted for
by infinite media dose buildup factors.®

Solutions were obtained for a unit source
(1 MeV/s) in each of the eleven photon groups for
each of the sixteen fuel types considered.

Plate Type Fusis, Thirteen plate type fuel elements
from ten facilities were considered. The following
physical descriptions are divided into three
categories: standard, control, and special elements.

Standard Elements— A standard element is rec-
tangular in cross section and contains 9 to 18 flat
or curved fuel plates. The element is assembled
using aluminum side plates and aluminum end
boxes. The fuel plates consist of a fuel core (UAl
powder dispersed in aluminum alloy powder) with
aluminum alloy cladding. The element may also
contain dummy (unfueled) plates of solid
aluminum.

Geometric models for the seven elements in this
catepory were constructed using data from
Reference 7. The fuel (and any dummy) plates were
homogenized into a single source region with width
and axial length defined by the active fuel width and
active fuel length, The remaining source dimension
was taken as the overall element depth, The total
uranum mass, based on the stated 235U content
and enrichment, was uniformly distributed in the
homogenized source region. The total aluminum
mass was based on the cladding (or dummy plate)
thickness and the active fuel width and length. The
aluminum occurring in the UAL, fuel matrix was
not included. The unit source was assumed distrib-
uted among 1000 source volumes. A chopped cosine
distribution was used to represent the axial source
variation and flat distributions were assumed across
the element width and depth. The dose point was
positioned on the axial mid-plane at 3 ft (91.44 ¢cm)

from the near edge of the homogenized source. The
dose point direction is normal to the fuel plates.

The suitability of the homogenization technique
was verified with QAD calculations using a more
detailed geometric model. A model of the 18-plate
Rhode Island Nuclear Science Center (RINSC)
Reactor element® was constructed with each fuel
plate explicitly modeled. This model was also used
to assess the impact of ignoring the aluminum in
the UAIy matrix.

Results for the seven aluminum plate standard
fuel elements are listed in Table 3. The tabulated
values represent the dose point energy flux (with
buildup) from a unit source of 1 MeV/s in that
energy group. The aluminum dose buildup factors
are quite small (typically 1.1) since the elements are
optically thin at the energies of interest. The trans-
port factors for a given energy group differ by only
a few percent among the seven elements in this cat-
egory. Distinction of these types is retained for com-
patibility with the beta transport treatment.

Control Elements—Control element construction
is similar to that used for the standard elements.
Control elements are rectangular in cross section but
contain fewer (typically 9) fuel plates than the stan-
dard elements contain. A central control rod guide
slot is formed by two aluminum plates and divides
the bundle into a 4-plate region and a S-plate region.
Geometric models were constructed using data from
Reference 7.

The two source regions were homogenized sepa-
rately to allow explicit modeling of the aluminum
plates forming the control rod guide slot. The dose
point was positioned at 3 ft (91.44 ¢cm) from the
near edge of the S-plate source region.

Results of the three aluminum plate control ele-
ments are listed in Table 4.

Speciel Elements —Plate type elements from three
other facilities were evaluated. They included the
Massachusetts Institute of Technology, the Univer-
sity of Missouri, and the National Bureau of Stan-
dards Reactors.

The Massachusetts Institute of Technology
Research Reactor elements are rhombic in cross sec-
tion and contain 15 flat fueled plates. This element
was homogenized like the standard plate element
except for the shape of the source region. The



Table 3. Photon transport factors for aluminum plate standard fuel elements

Dose Point Energy Flux for Unit Energy Source?

in Indicated Group

(MeV/cmz-s)

Energy Group FNR GTRR RINSC UCNR UVAR 12-Plate UVAR 18-Plate  UVAR Partial
1 84540 x 106 85397 x 106 84266x 106 84440x106 85182 x 106 8.4358 x 10°6 8.4480 x 106
2 8.7885 x 106  89230x10® 89058 x 106  8.8282 x 10 8.7572 x 10°6 8.7991 x 106 8.8118 x 106
3 8.2688 x 106  8.3685x 106 82411 x106 82791 x 106 8.3368 x 106 8.2708 x 106 8.2223 x 106
4 8.2280x 106  83259x10%  8.1934x 106 82371x10%  8.3019x 106 8.2300 x 106 8.1769 x 106
5 82243x 106 83223x106  8.1920x100 82335 x 106 8.2980 x 106 8.2262 x 106 8.1743 x 106
6 82200 x 106  83177x106  8.1877x10% 82289 x 106 8.2947 x 106 8.2218 x 106 8.1703 x 106
7 82157 x 106  83127x106 81821 x106 82238x106 82916 x 106 8.2169 x 10°6 8.1657 x 106
8 8.2081 x 106  83038x106 8.1717x106  8.2150 x 106 8.2865 x 106 8.2085 x 106 8.1578 x 106
9 82004 x 106 82947x106 8.1615x106 82057x106  8.2812x 106 8.1997 x 106 8.1506 x 106

10 8.1941 x 106 82871 x106 81531 x100% 8.1980x 106  8.2768 x 106 8.1923 x 106 8.1450 x 106
1 8.1875x 106 82790x 106 8.1443x 106  8.1898x 106  8.2719x 100 8.1845 x 10°6 8.1391 x 106

a. MeV/s at energy midpoint of group.




Table 4. Photon transport factors for aluminum plate control elements

Dose Point Energy Flux for Unit Energy Source?
in Indicated Group

10

(MeV /cm2-s)

FNR
8.5477 x 106
8.7779 x 106
8.3431 x 106
8.3064 x 106
8.3036 x 100
8.3012 x 106
8.2989 x 10°6
8.2953 x 106
8.2927 x 106
8.2908 x 106

8.2888 x 106

~_UCNR

8.5814 x 106
8.8183 x 106
8.3842 x 106
8.3478 x 106
8.3447 x 106
8.3421 x 106
8.3396 x 106
8.3355 x 106
8.3322 x 106
8.3296 x 106

8.3268 x 106

UVAR

8.5432 x 106
8.7944 x 106
8.3452 x 106
8.3081 x 106
8.3053 x 106
8.3028 x 106
8.3002 x 106
8.2959 x 106
8.2926 x 106
8.2899 x 106

8.2870 x 106

a. MeV/s at energy midpoint of group.

homogenized source volume was defined as a par-
allelepiped enclosing the active fuel volume. The
dose point was positioned on the axial mid-plane
at 3 ft (91.44 ¢cm) from the outermost fuel plate.
The dose point direction was chosen parallel to the
element side plates rather than normal to the fuel
plates to avoid shielding of the dose point by the
side plates.

The University of Missouri Research Reactor ele-
ments are pie-shaped and contain 24 curved fuel
plates of varying radii held in aluminum side plates.
Each element is one-eighth of the full core annulus
(45° central angle).

The homogenized source volume for this element
was defined as a portion (sector) of a right circular
annulus with length equal to the active fuei lengtii.
The inner and outer radii were defined by the clad-
ding boundary on the inner and outer fuel plates,

respectively. The sector centia! angle was defined
50 as to include the active fuel but not the element
side plates. The dose point was located on the ax-
ial mid-plane at 3 ft (91.44 ¢cm) from the outer fuel

plate.

National Bureau of Standards Keactor elements
consist of curved parallel plates held in aluminum
side plates. Each element consists of two identical
fueled sections stacked vertically. The fueled regions
are separated by a short nonfueled section. Each
fueled section contains 17 fueled plates and two
dummy exterior plates. These elements were ho-
mogenized like the standard plate elemernts except
the source was divided at mid-plane by the non-
fueled region. The mid-plane dose point position
was retained.

The calculated transport factors for the three alu-
minum plate special elements are listed in Table 5.




Table 5. Photon transport factors for aluminum plate special elements

Dose Point Energy Flux for Unit Energy Source?
in Indicated Group

(MeV/cm2-s)
Energy Group MITR-1I MURR NBS
1 7.8736 x 106 7.8917 x 106 8.0532 x 106
2 8.9897 x 10°6 8.8212 x 106 8.5996 x 106
3 8.2950 x 10°6 8.1916 x 106 8.0177 x 106
4 8.2545 x 10°6 8.1530 x 10°6 7.9768 x 106
5 8.2516 x 106 8.1499 x 106 7.9733 x 10°6
6 8.2431 x 106 8.1425 x 106 7.9676 x 106
7 8.2317 x 106 8.1329 x 106 7.9609 x 106
8 8.2099 x 106 8.1143 x 106 7.9485 x 106
9 8.1814 x 106 8.0905 x 106 7.9340 x 106
10 8.1562 x 106 8.0694 x 106 7.9215 x 106
1 8.1288 x 106 8.0461 x 106 7.9081 x 106

a. MeV/s at energy midpoint of group.

TRIGA Fusis. TRIGA fuels? have been manufac-
tured in a variety of configurations. All config-
urations use a uranium-zirconium-hydride (UZrH,)
alloy as the fuel material. Various 235y
enrichments, hydrogen-to-zirconium ratios, rod
diameters, burnable poison and cladding composi-
tions have been employed. Only the high enrich-
ment (70% 235U) fuels with stainless steel cladding
are relevant for this evaluation.

The TRIGA fuels from five facilities were con-
sidered in three categories for modeling purposes.
The categories are single rod, four-rod fuel assem
blies, and three-fueled-rod control assemblies. The
material composition for the fuel was developed
from Reference 10, Geometric models were con-
structed using data from Reference 7.

Single Rods— The single pin configuration is ap-
plicable for two facilities: the General Atomic
Mark F TRIGA Reactor and the Oregon State
University TRIGA Reactor. Table 6 lists the mate-
nal compositions and pin dimensions used for the
QAD photon transport model. A flat radial,
chopped cosine axial source distribution was as-
sumed. The dose point was located 3 ft (91.44 cm)
from the rod outer surface on the axial mid-plane.

The validity of the QAD uncollided flux solution
was verified using RAFFLE v, la general purpose
Monte Carlo transport code. The RAFFLE-
calculated total photon fluxes (uncollided plus scat-
tered) also provided a sound basis for the selection
of iion dose buildup factors for the QAD
calculations.



Table 6. TRIGA single

rod material
compositions and fuel rod
dimensions

Single Rod Matenal Compositions

UZrH, Fuel Type 304 Stainless Steel
Densit Dtnll?
Element  (g/cm)  Elemem  (g/cmd)
U 0.5099 Fe 5.4276
Zr 5.3937 Cr 1.5200
H 0.0954 Ni 0.8000
Mn 0.1600
Si 0.0800
Fuel Rod Dimensions
Large Rod Small Rod
= -
Fuel radius 1.8161 1.7399
Active length 38.10 38.10
Clad thickness 0.0508 0.0508

The QAD calculated transport factors for the
TRIGA elements are listed in Table 7.

Four Rod Assemblies— The four rod cluster model
is appiicable for three facilities: the Texas A&M
University Reactor, the University of Wisconsin Reac-
tor, and the Washington State University Reactor.
The element contains four identical rods in a square
array with a rod pitch of 1.53 in. (3.8862 ¢cm). The
fuel rods are slightly smaller (1.7399 ¢m active radius)
but are otherwise identical to the fuel rod model used
in the single rod configuration.

All four rods were modeled for the QAD trans-
port calculations. A flat radial, chopped cosine axial
source distribution was assumed with one-fourth of
the total source in each rod. The dose point was
positioned on the axial nnd-plane at a distance of
3 ft (91.44 ¢m). The dose point lies on an extension
of a line joining tk+ centers of two diagonal rods.
Table 7 includes the QAD calculated transport fac-
tors for the four-rod assemblies.

Controi Assemblies— T he three-fueled-rod cluster
is applicable to the Texas A&M University Reac-

tor control elements. A three-rod cluster is a four-
rod assembly with one rod position vacant. The
same QAD model was used with one-third of the
total source in each of the three rods nearer the dose
point. The transport factors are included in Table 7.

Beta Transport Factors. The basic interaction
processes and resulting particle transport are fun-
damentally different for electrons and for photons.
The primary photon interaction processes are pho-
toelectric absorption, Compton scattering, and pair
production. Exponential attenuation methods are
appropriate since all processes effectively eliminate
the photon from consideration in a single event.

In contrast, electrons experience multiple interac-
tion processes that cannot be adequately treated by
simple exponential attenuation models. For the
energy range of interest, electron energy losses are
due almost entirely to excitation and ionization of
electrons in the stopping material and to
bremsstrahlung.

The energy loss due to excitation and ionization
may be expmsed'z as

2
2(Z\me
‘%’2"".'0(1),—2

1/10
X [Bo - (2)lne(Z) - (Z)lnc (-Z—)]

where N, is Avogadro’s number, r, is the classical
electron radius in cm, mc? is the electron rest energy
inMeV, i = v/¢, Z and A are the atomic number
and weight, respectively, of the stopping material,
and [ is the mean ionization energy of the stopping
material in electron volts. With the indicated units,
the energy loss units are MeV-cmZ/.. Reference 12
contains experimentally determined values of the
mean ionization energy.

The bracketed term is frequently defined as the
stopping number; the energy dependent component
represented by B, is given by

By = 21.683 + Ing [r3(r + 2))

[l 2r + |1 ]I &
" + n
(r + |)2 .

I I 12
e
(r « 1) r + 1)




Table 7. Photon transport factors for TRIGA fuel elements

Dose Point Energy Flux for Unit Energy Source?

in Indicated Group

(MeV/cm?-5)

Energy Group Si Rod 4-Rod Cluster 3-Rod Cluster
1 5.1411 x 10°6 3.4675 x 100 4.4957 x 106
2 7.2077 x 106 5.7263 x 106 6.7043 x 106
3 7.5974 x 106 6.1812 x 106 7.0870 x 10°6
4 7.7277 x 10°6 6.3901 x 106 7.2332 x 106
5 7.7337 x 106 6.4560 x 106 7.2524 x 106
6 7.6776 x 106 6.4251 x 10°6 7.2019 x 106
7 7.6261 x 106 6.3903 x 10°6 7.1537 x 106
- 7.5403 x 106 6.3151 x 106 7.0695 x 10°6
9 7.4279 x 10°6 6.1957 x 106 6.9545 x 106

10 7.3181 x 106 6.0671 x 106 6.8397 x 106
1 7.2088 x 106 5.9354 x 106 6.7245 x 10°6

a. MeV/s at energy midpoint of group.

where
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T =[l-ﬂ2] g

The rate of energy loss due to bremsstrahlung is
proportional to the square of the atomic number.
The ratio of radiative loss to collisional loss at a
particular energy is approximately giw:n|3 by

dE/dX
( ) |

(dE/ dx)coll 2

1600 mc

where mc? is the electron rest energy in MeV, E is
the electron kinetic energy in MeV, and Z is the
atomic number of the stopping material. For this
study, credit is taken for the electron energy loss
due to bremsstrahlung, but the resulting photons

are not tracked to the dose point. This approach
results in a conservative dose assessment for this
application.

The above energy loss formulations include sev-
eral inherent limitations. In particular, the radiative
energy losses are subject to large statistical fluctu-
ations!2 which cannot be treated with an average
radiative energy loss model. Fortunately, radiative
losses are not dominant over most of the electron
energy-atomic number combinations of interest.

Energy and range straggling are not explicitly
treated. The impact of energy straggling is mini-
mized by the flux-to-dose conversion. The differ-
ence in actual pathlength and source-dose point
distance includes both range straggling introduced
by the discrete nature of the interaction processes
and the effect of multiple elastic scattering.



Ignoring the pathlength differences is conservative
for this assessment since greater pathlengths pro-
vide lower energy electrons; lower energy electrons
result in higher dose rates than calculated at higher
energies since flux-to-dose conversions are taken at
the peak of the depth-dose curve.

An electron transport program was assembled by
combining the collisional and radiative energy loss
models described above, the MA(;l-deweloped com-
binatorial geometry package,'? and the point
source distribution routines from QAD.? This pro-
gram obtains effective beta transport factors using
the following methodology. The fuel element is
divided into an arbitrary number of source volumes.
For each energy group, a unit energy source
(1 MeV/s) is distributed among the discrete volume
elements. A dose point particle flux for that source
volume is determined, based solely on the geometric
attenuation provided by the source volume element-
detector point separation. Next, the material at-
tenuation is evaluated by tracking a single particle
from each source volume element through all in-
tervening materials to the dose point. Energy losses
along the track are calculated using the collisional
and radiative loss models described above. An in-
itial energy corresponding to the group mid-point
energy is assumed and the particle is tracked uatil
either the dose point is reached or the particle energy
is reduced to below 100 keV. For those particles
reaching the dose point, a particle flux-to-dose con-
version is obtained for the final energy and a dose
contribution is calculated. The dose contributions
from all volume elements are calculated and a total
dose rate obtained for the energy group of interest.
The effective beta transport factor is obtained by
dividing the total group dose rate by the energy flux-
to-dose factor for the group mid-point energy.

Plate Type Fuels. Detailed geometric models were
constructed for the thirteen plate type fuel elements
using data from Reference 7. Individual fuel plates
were explicitly modeled for all elements. Dummy
plates and control rod guide plates were modeled,

if present. The fuel matrix composition was assumed
to be UAly. The source in cach fuel plate was
distributed among 200 source volume elements. A
chopped cosine distribution was used to represent the
axial source vanation and flat distributions were
assumed across the fuel plate width and thickness.
The dose point was positioned on the axial mid-plane
at 3 ft (91.44 cm) from the outermost plate.

Results for the seven standard element types, the
three control elements, and the three special element
types are listed in Tables 8, 9, and 10, respectively.

TRIGA Fuels. All relevant TRIGA fuels were con-
sidered in three categories: single rod, four-rod fuel
assemblies, and three-fueled-rod control asser:blies.
The three geometric models developed for the pho-
ton transport factor evaluations were also used for
the electron transport calculations. The previously
described dose point locations and flat radial,
chopped cosine source distributions were retained.

The source in each rod was distributed among
2400 source volume elements. The maxiihum range
of the most energetic electrons (6.75 MeV) is less
than 0.8 cm in the TRIGA fuel composition. There-
fore, the source volume elements could be concen-
trated in the rod periphery in view of the detector
in order to minimize tracking of eiectrons that could
not reach the detector.

Calculated transport factors for the three TRIGA
fuel types are listed in Table 11.

Flux-to-Dose Conversions

Flux-to-dose conversion factors were calculated
at the gamma group energy mid-points using the
analytic expression provided in ANSI/ANS-6.1.1-
1977.15 Flux-to-dose conversion factors for the beta
group energy mid-points wcre obmne1 from
Figure 13 of ICRP Publication 21.16 The conversion
factors are listed in Table 12.

COMPUTER PROGRAM DESCRIPTION

A computer program was written to perform the
dose rate calculations using the methods described
in the previous sections. The program is coded in
the FORTRAN 77 language for easy implementa-
tion on any computer system with a full ANSI
FORTRAN 77 compiler.

Minimal user input is required. The facility and
element type must be identified (by keywords) and
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the element power history must be supplied in sim-
ple histogram form. Gamma and beta dose rates
at the 3 ft (91.44 cm) dose point are calculated at
user specified (or default) cooling times.

Appendix A contains a listing of the program.
Appendix B is a user’s manual with a description
of the code and a detailed input description.



Table 8. Electron transport factors for aluminum plate standard fuel elements

Equivalent Dose Point Energy Flux for Unit Energy Source?®
in Indicated Group
(Mc\l/cm2 -5)

Energy Group UCNR UVAR 12-Plate UVAR 18-Plate UVAR Partial

1

2

10

0.0
3.2085 x 106
2.6779 x 106
2.6732 x 106
3.7042 x 10°6
5.8984 x 106
6.9775 x 10°6
4.5964 x 10°6
9.1046 x 106
7.8851 x 106

9.3055 x 106

0.0
0.0
7.8339 x 106
5.4755 x 106
5.2127 x 106
5.8157 x 106
6.6306 x 106
9.2760 x 10°6
8.5386 x 106
7.6974 x 106

1.0202 x 10°3

a. MeV/s at energy midpoint of group.

0.0
5.2798 x 106
8.9258 x 1077
1.6874 x 106
2.8225 x 106
6.7299 x 10°6
2.1674 x 106
6.2458 x 106
3.5203 x 106
7.7172 x 106

3.6014 x 106

0.0
0.0
7.9439 x 106
5.6275 x 106
5.3601 x 106
6.0428 x 106
7.0282 x 106
8.0501 x 10°6
8.7862 x 106
8.1463 x 106

9.3512 x 106

0.0
5.4771 x 10°6
4.6202 x 106
4.6666 x 1076
5.0597 x 106
5.7815 x 106
6.6331 x 106
1.2550 x 1073
1.0891 x 1075
1.0310 x 10°5

3.4242 x 106

0.0
3.3240 x 106
2.7850 x 106
2.7899 x 106
2.9704 x 106
3.2789 x 106
3.5910 x 106
5.3590 x 10°6
4.5263 x 106
8.9985 x 106

6.3820 x 106

0.0

6.6478 x 106
1.5143 x 106
8.3056 x 106
2.4775 x 10°6
9.9560 x 106
3.8939 x 106
1.1586 x 10°6
1.1993 x 106
2.6510 x 106

4.0822 x 106




Table 9. Electron transport factors for aluminum plate control elements

Equivalent Dose Point Energy Flux for Unit Energy Source?

in Indicated Group

(MeV/cmz-s)
Energy Group FNR UCNR UVAK

1 0.0 0.0 0.0

2 6.4170 x 106 6.8305 x 106 6.6478 x 106
3 5.3558 x 1076 5.7383 x 106 5.5699 x 106
4 5.3463 x 106 5.7662 x 106 5.5797 x 106
5 7.4083 x 106 6.1737 x 106 5.9407 x 106
6 6.1804 x 106 6.8786 x 106 6.5578 x 106
7 3.9396 x 106 4.1503 x 106 4.0583 x 106
8 2.5325 x 10°6 2.6119 x 106 2.5780 x 106
9 1.7078 x 106 1.7450 x 106 1.7293 x 10°6
10 4.9398 x 106 1.1435 x 10° 1.0658 x 1073
1 1.1574 x 10°3 7.6254 x 10°6 9.1412 x 10°6

a. MeV/s at energy midpoint of group.

ACCURACY OF DOSE RATE CALCULATION

The overall accuracy of a calculated dose rate is
a complex function of the accuracy in each of three
components of the dose rate assessment. The three
controlling components are the power history, the
fission product source functions, and the effective
transport factors.

Power History

Errors in the specified fuel element power history
are reflected as errors in the fission product inven-
tory. Error propagation into the calculated dose rate
may be easily assessed only for two limiting cases.
At very short decay times, the dose rate is domi-
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nated by contributions from short-lived fission
products. In this limiting case, the error in the dose
rate is less than or equal to the error in the instan-
taneous power level. At very long decay times, the
dose rate is dominated by contributions from lorg-
lived fission products. In this limiting case, the er-
ror in the dose rate is less than or equal to the error
in the accumulated exposure.

Any specified power history may contain errors
in (a) the total accumulated exposure and (b) the
instantaneous power levels. The maximum error
propagated into the dose rate from errors in the
power history is equal to the maximum of (a) and
(b) above.



Table 10. Electron transport factors for aluminum plate special elements

Equivaleat Dose Point Energy Flux for Unit Source?

in Indicated Group

(MeV/cmz-s)

Energy Group MITR-I1 MURR NBS

1 0.0 0.0 0.0

2 1.7994 x 106 4.6980 x 106 0.0
3 1.2852 x 10°6 5.7725 x 106 4.2795 x 106
4 4.3333x 106 6.4858 x 106 7.1175 x 106
5 1.4968 x 106 8.4220 x 10°6 7.5393 x 106
6 3.5149 x 10°6 2.4102 x 106 5.7442 x 106
7 2.5778 x 106 3.0608 x 1076 3.8622 x 106
8 2.2849 x 106 7.8754 x 106 6.1694 x 106
9 5.3921 x 106 5.5364 x 106 6.4376 x 106
10 6.9775 x 106 3.8318 x 106 6.9432 x 10°6
1 4.8036 x 106 3.7395 x 106 5.8047 x 106

a. 1 MeV/s at energy midpoint of group.

Fission Product Impulse Functions

Fission product impulse function coefficients are
typically obtained by fitting to results of experiments
and/or summation calculations. Very tight fitting
tolerances are achievable; Reference 2 reported the
ANS-5.1 decay heat standard utilized 23 exponential
terms to fit total decay heat to well within 1% over
the period from 0.1 to 103 5. The total uncertainty
on decay heat is necessarily larger since the fitting
tolerance errors are overshadowed by the uncertain-
ties in the experimental measurements and in the
fission product data base used in the summation
calculations. The one sigma uncertainty on the
ANS-5.1 235U decay heat standard is 40% at 1 s
following a fission pulse and 3.3% at 1 s after an in-
finite (1013 s) irradiation. For both pulse and infinite
irradiations, the one sigma uncertainty is less than 3%
for decay times between 15 and 107 s,
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Fitting tolerances and uncertainties were not
available for the multigroup impulse function
coefficients.2 The overall uncertainty associated
with the multigroup data is expected to be higher
than that quoted for the total energy release; less
experimental data is available and the energy depen-
dent measurements are more demanding than those
required for total energy release.

Total energy release calculations, using the multi-
group data, provide good agreement with decay
heat values obtained using the ANS-5.1 decay heat
standard. For a 235U fission pulse, the maximum
deviation is 23% during the decay period from 1|
to 109 s. For the decay period from 30 to 109 s, the
maximum deviation is less than 7%. Smaller dif-
ferences are obtained with finite length irradiations.




Table 11. Electron transport factors for TRIGA fuel elements

Energy Group

10

Dose Point Energy Flux for Unit Energy Source? in

Indicated Group

(MeV/cm2~s)

Single Rod 4-Rod Cluster 3-Rod Cluster

0.0 0.0 0.0

0.0 0.0 0.0
2.5222 x 10°7 2.6296 x 1077 3.5061 x 107
5.3366 x 1077 2.4567 x 10°7 3.2756 x 1077
1.0437 x 10°6 9.6792 x 10”7 1.2906 5 106
1.6448 x 106 4.8966 x 107 6.5289 x 1077
2.2260 x 10°6 1.2425 x 106 1.6567 x 10°6
2.4539 x 106 8.0982 x 10°7 1.0798 x 106
3.2345 x 106 1.2304 x 106 1.6405 x 106
2.80i5 x 106 1.0265 x 106 1.3687 x 10°6
1.4893 x 106 1.5354 x 106 2.0472 x 106

a. 1 MeV/s at energy midpoint of group.

Table 12. Flux-to-dose conversion factors

Flux-to-Dose Conversion
Factor
_ (rem/hr)/(MeV/cm?-s)

Energy

Group (MeV) Photons Electrons
1 0.250 2.52x 10 1.37 x 1073
2 0.650 222 x 106 3.62x 104
3 1.125 1.91 x 106 1.83 x 104
4 1.575 1.73 x 106 1.22x 104
5 2,000 1.60 x 106 9.21 x 103
6 2.400 1.51 x 106 7.43 x 1075
7 2.800 1.43 x 10 6.21 x 1073
8 3.500 1.32 x 106 4.82 x 1073
9 4.500 1.20 x 106 3.62 x 1073
10 5.500 1.13 x 106 2.89 x 1075
1 6.750 1.05 x 106 2.30 x 10°3
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Effective Transport Factors

Photons. Exact representations of fuel element
geometries and arbitrarily accurate specification of
source distributions are afforded by the shielding
codes used in this analysis. Photon interaction cross
sections are well known for the materials and ener-
gies of interest. Uncollided photon fluxes at the dose
point can be calculated with high accuracy. The ma-
jor source of error arises from the use of infinite
media buildup factors for the scattered flux con-
tribution. The scattered flux error is usually not
more than a few percent and will reach 20 to 30%
only in unusual cases.>

The plate type fuel elements are opuically thin at
the energies of interest. The buildup factors and re-
sulting scattered flux contributions are relatively



small. For a typical buildup factor of 1.1, even a
worst-case 30% error will introduce only a 3% er-
ror on the total flux solution.

Comparable errors can be expected for the
TRIGA fuels. The buildup factors are somewhat
larger (typically 1.2 to 1.3), but the uncertainty in
the total flux solution was reduced by supporting
Monte Carlo calculations.

Electrons. Errors in the electron transport calcula-
tion arise primarily from failure to explicitly treat
energy and range straggling, radiative loss treat-
ment, uncertainties in the fuel element geometry and
composition, and uncertainties in the fuel element
power distribution.

Errors introduced by the radiative loss treatment
are expected to be the larger of the first two types.
The ratio of radiative loss to total loss, or radiative
loss fraction, is a function of material composition
and electron energy. For the TRIGA fuel composi-
tion, the radiative loss fractions are about 21% at
5 MeV, 10% at 2 MeV, and 5% at | McV. Radia-
tive loss fractions at the same energes are 36%,
18%, and 11% for UAl4 and 7%, 3%, and 1% for
aluminum.

For practical irradiation and decay times, the
electron source distribution is dominated by the low
energy groups. For an eight hour constant power
irradiation followed by a one hour cooling period,
98% of the electron energy source is below 4 MeV
and 82% is at or below 2 MeV. The 0.65 MeV
group contains 24% of the electron source.

Errors introduced by both the radiative loss treat-
ment and by energy and range straggling result in
a conservative dose assessment from a fuel self-
protection standpoint.

Uncertainties in compositions and fuel element
dimensions introduce the greatest uncertainty to the
electron transport calculations. Typical fuel element
specifications provide for very close tolerances on
the fuel plate total thickness. However, due to the
fuel manufacturing process, much looser tolerances
are acceptable (and required) on both the fuel core
thickness and the uranium to aluminum ratio in the
fuel matrix.

The impact of small composition uncertainties is
illustrated by the sensitivity to the assumed air den-
sity. The 0.65 MeV electron group dose contribu-
tion comes entirely from the outermost plate. The
standard atmosphere density difference between sea
level and 1400 m (4593 ft) introduces a 35% change
in the effective transport factor for the 0.65 MeV
group. The change is about 5% for the 1.125 MeV
group.

Transport factors for the lower energy electron
groups are also sensitive to deviations from the
assumed source distributions. Flux depressions or
peaking at the element edges alters the source dis-
tribution in the outer plates. The error in the effec-
tive transport factor for the 0.65 MeV group is
equal to the plate power peaking factor. The effect
is smaller for the higher energy groups.

CONCLUSIONS AND RECOMMENDATIONS

The FUELDR program provides a quick and
inexpensive method of determining biological dose
rates from irradiated 235U fuels. Dose rates at a
fixed dose point are determined using an input
element power history. The code contains effective
transport factors for sixteen unique fuel types in use
at thirteen facilities. Data for additional element
types can be incorporated as required.

The calculation method should be validated by
comparison with dose rate measurements. Relatively
straightforward measurements of total gamma and
total beta dose rates from one or more fuel types
would provide confidence in the overall methodology
and implementation. More detailed spectral measure-
ments wouid probably be required to resolve differ-
ences in the predicted and measured dose rates,
especially for the low energy beta dose contributions.
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PROGRAM FLELOR

FUELDF = A PRCGRAP TO CALCLLATE BIOLOGICAL DCSE RATES FROM
IRRADIATED MIGH ENRICHMENT RESEARCH FEACTOR FLELS

COMMON /CHDAT/ CHEAD, CTITL, CNAM1, CNAM2, CNAME(19),

A CTINP(100), CTIMC(100), CUPWR(1CO)

CHARACTER CHEAD®L120s CTITL®*80, CNAML®R, CNAM2%8, CNAFPE*SS
CHARACTER CTIPPe3, CTIMD®3, CUPWR®*3

COMMON /COEFF/ BALF(23,11)s SLAM(23,11), GALF(23511)s GLAM(23,11)
COMMON /DRATE/ BCRAT(11,100), GDRAT(11,100), BDTCOT(1CO)»

A GCTOT(1C0C)» DRTCT(100)
COMPCN /FACTR/ BTRAN(19511)» GTRAN(19»11), BFTOD(11)s GFTOD(1Y1)
CCMPCN /FLAGS/ NAMID, MPTIM, MODTIMs NPTIM, NDTIM, NCASE, MEDIT
CCPMPCN /IRRAD/ FRATE(100)s PWRINCL100)» ENGPF(100)

CCPPCN /LIMIT/ NBGs NGG» NPMAX, NDMAX, LB(11), LG(11),

B TFINFy» THAXF, EXPLL, ERR
CCPPCN /SORCE/ BESRC(11,1CC)y» GESRC(11,10C), BETOT(1CO0),
A GETOUT(100), ENTCT(100)

CCHMPCN /TIMES/ TP(100), TD(100)» TX(100)s TPINP(100), TOINP(100)
CCMPCN /UFRYD/ BEPFR(11)y GEPFR(11)
CPEM(S, FILE=" INFUT")
CPEME,FILES'CLIPLTY)
1C CALL RODINP
IF(NCASE.EQ.Q) €O TO 20
CALL ECINP
CALL OxCAL
CALL ECCLY
6C TC 1¢
2C CONTIMUE
CLCSE(S5)
CLOSE(6)
STCF
END

A-3
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SUBPOUTINE CKINP(NCK)

SURRDUTINE TO CHECK INPUT DATA AND PERFOR™ UNITS CONVERSIONS

COMMON /CHDAT/ CHEAD»

CTITLs CNAH1l, CNAM2s CNAME(19),

. CTYINP(100), CTIND(100)s CUPWR(100)

CHARACTER CHEAD*120,
CHAPACTER CTINPe3,
COMMON /FLAGS/ NAMID»

CTITL*80,
CTIND®*3, CUPWR*3

CNAM1#8, CNAM2%8, CNAME*9S

MPTIMy MDTIM, NPTIMs NDTIMy NCASE», MEDIT

COPFON /IRRAD/ FRATE(100), PWRIN(100)» ENGPF(100)

COMMON /LIMLIT/ NBGy
A TFINF,
COMMODN /T1IMES/Z To(100)
IFINCK4EQs2) GO

POWER STEP DATA

PO 10 IL = 1» KPTIN

LL = ]L
IFLTPINPIIL)LELCeO)
IFUFWRINIIL) LT 040)
IFC(ENGPF(IL) LT .0.0)
TCONV = 0,0
IF(CTINP(IL) LEQ,? ")
IF(CTIMPCIL)EQW*SEC")
IF(CTINPCIL)«EQe*NINY)
IFI(CTINPUIL) oEQeYHRSY)
IFC(CTIMPLIL)SEQ.'DAY")
IF(CTIMPIIL)oEQe"YRSY)

NGGy

T0 20

NPMAXs NDMAXs, LB(11)» LG(11)s
TMAXF, EXPLLs ERR
s TD(100), TX(100)» TPINP(100), TDINP{100)

CALL ERRS{8,LL,0)

CALL ERRS(9+LL»0)
CALL ERRS(10.LL»0)

CTINPLIL) = 'SEC?
TCONY = 1,0

TCONV = 6040

TCONV = 360040
TCONV = 86400.0
TCONV » 3,15576E+7
ERRS(11,LL,0)

CUPNRIIL) = "KW ¢
PCONV = 1,0
PCONY 1.0

IF(TCONVLLTa1le0) CALL
TPLIL) = TPINP(IL)*TCONYV
PCONY = 0,0
IF(CUPWRIIL)LEQ,? ')
IF(CUPNRIIL)EQe'W ')
IF(CUPWRIIL)«EQe"* W ')
IFI(CUPHRIIL)ZEQ." ')

IF(CUPMRIIL)EQ.'KW V)
IF(CUPWRIIL)EQe"* KW')
IF(CUPWRIIL) «EQ."HN *)
IF(CUPWRIIL)EQ." M¥')
TF(PCONV.LT.1.0) CALL

PCONY 1.0
PCONY 1000.0
PCONV 1000.,0
PCONY 1.0E+6
PCONV = 1,0E+6
ERRS(125LL,0)

CONVERT SPECIFIED THERMAL POWER TO FISSION RATE USING EITHER
200 MEV/FISSION OP THE ENERGY/FISSION VALUE INPUT FOR THIS STEP

AT 200 MEV/FISSION,

PCONV = PCONV*3,12098E
IFCENGPFIIL)4NE,200.0)

1 WATT = 3,12098E+410 FISSIONS/SEC

+10
PCONV = PCONV*20040/ENGPFLIL)

FRATE(IL) = PWRINCIL)®PCONY

10 CONTINUE
PETURN

DECAY TIME DATA

A4



20

30

COMNTINUE

N0 30 IL = 1, NDTIN

L o= 1L

IFCTDINPUIL) oLEWCo0)
TCONV = Q40
IF(CTIMD(IL)«EQW? ')
IF(CTIND(IL) «EQ,'SEC")
IFC(CTIMOUIL)SEC.*"MINY)
IF(CTIND(IL) ¢EQ."HRS?)
IF(CTIMD(IL)<EQL'DAY")
IF(CTIMDC(IL)EQL'YRSY)
IF(TCUNV.LT.140) CALL

CALL ERRS(13sLLy O

CTIMD(IL) = *SEC?
TCONV = 1.0

TCONV = 60,0

‘CUNV e 360060
TCONV = B640040
TCONY 3e15576E+7
EPRS(14sLL»0)

TOCIL) = TDINPCIL)*TCONY
IFCTDCIL)LLTLTMINF) CALL ERRS(15,LL»0)
IFCTOCIL)-GTLTHAXF) CALL ERRS(1hAsLL»0O)

CONTINUE
RETURN
END



izl

10

24

26
30
40

50

70

SUBROUTINE DRCAL

COMNMON
A
COMPON
CUMMON
CCMMON
COHMON
*
COMNON
“
COMMON
COMMON

TXINPTIM) = 0,0

/ORATE/

/FACTR/
IFLAGS/
/IRRAD/
JLINLT/

/SORCE/

JTINES/
/UFRYD/

SUBRUUT INE TO MANAGE DOSE RATE CALCULATICN

BORAT(11,100)s, GDRAT(11,100), BDTOT(100),
GDTOT(100), DRTOT(100)

BTRAN(19,11)s GTRAN(19,11), BFTOD(11), GFTOD(11)
NAMIDs MPTIMs MDTIM, NPTIM, NOTIM, NCASE, MEDIT
FRATE(100), PWRIN(100)» ENGPF(100)

NBGy, NGGy, NPMAXy NDMAX, LB(11)» LG(11),

THMINFy THMAXF» EXPLL» ERR

BESKC(11,100), GESRC(11,100), BETUT(100),
GETOT(100), ENTOT(100)

TP(100)s TD(10G)y TX(100)y TPINP(100)» TDINP(100)
BEPFR(L11),» GEPFR(11)

DC 10 NP = NPTIM, 2, ~1
TX(NP=1) = TX(NFP) & TP(NP)
CALL ZARAY

D0 40 ND = 1»
DO 30 NP = 1, NPTINM

TIC = TOU(ND) # TX(NP)
IF(TTC.GT.TMAXF) CALL ERRS(17sNP,ND)
TAP = TPINP)
CALL UFYLDITAP,1TC)

DO 24 NG = 1, NCG

B SRCING,ND) = BESRC(NGsND) + BEPFRINGI*FRATEINP)
BORAT(NGsND) = BESRCINGs NDI*BTRANINAMID,NG)*BFTOD(NG)
CONTINUE

DC 26 NG = L,
GESRCINGsND) = GESRC(NGsND) + GEPFR(NG)I®*FRATE(NP)
CORAT(NG,ND) = GESRC(NGsND)*GTRAN(NAMID, NG)#*GFTOD(NG)
CONTINUE
CONTINUE
CONTINUE

DO 70 ND = 1,
DO 50 NG = 1s NBG

BETOTI(ND) = BETOT(MD) ¢ BESRC(NG,ND)
BDTOT(ND) = BDTOT(ND) + BDRATING,»ND)
CONTINUE
D0 60 NG = 1, NGG

G TOT(ND)
GDTOT(I(ND)

CONTINUE

ENTOT(ND)
DRTOT(NC)

CONTINUE

RETURN
FND

NDTIN

NGG

NDTIM

GETOTIND) ¢ GESRCINGsND)
GOTOTIND) + GDRAT(NG»ND)

BETOT(ND) ¢ GETOT(ND)
BDTCTI(ND) # GDTOT(ND) .
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SUBROUT INE EDINP
INPUT DATA EDITS

COMMON /CHDAT/ CHEADs CTITL, CNAM1, CNAM2, CNAME(19)»
A CTIMP(100), CTIMD(100)» CUPWRI100)
CHARACTER CHEAN®120, CTITL*80, CNAM1%#8, CNAM2%8, CNAME*98
CHARACTER CTINP*3, CYIMD*3, CUPWR®3
COMMON /FLAGS/ NAMID, MPTIM, MDTIM, NPTIMp NDTIM, NCASE» MEDIT
COMMON ZIRRAD/ FRATE(100)s PWRIN(100)» ENGPF(100)
COMMON /TIMES/Z TPL100Q)- TD(!100), TX(100)s TPINP(100), TODINP(100)
DIMENSION CT(5)
CHARACTER CT#*3
DATA CT /7 'SEC*', *MIN', *HRS', *DAY*, 'YRS' /
WRITE(6,600)
WRITE(6,610) CHEAD
WRPITE(65610) CNAME(NAMIDI(17194)
WRITE(E,620) CTITL
WRITE(65601)
WRITE(6,630)
WRITE(6,640)
HRITE(G6641)
WRITE(65642)
WRITE(6,602)
ACEXP = 0,0
ACTIN = 0,0
DO 100 IL = 1, NPTIM
STEXP o FRATECIL)®ENGPFIIL)®*TPIIL)/64264196E415
ACEXP = ACEXP ¢ STEXP
ACTIM « ACTIM & TP(IL)
WRITE(6s645) ILs TPINPCIL), CTIMP(IL)» TPUIL)y CT(1), PWRINCIL),»
A CUPWR(IL)» ENGPF(IL)» FRATE(IL)s» STEXP, ACEXP, ACTIM
100 CONTINUE
WRITE(65600)
WRITE(A,610) CHEAD
WRITE(65610) CNANE(NAMID)(17:98)
WRITE(6»620) CTITL
WRITE(6,601)
WRITE(65660)
WRITE(A56T70)
WRITELG,6T1)
WRITE(6,672)
WRITE(6s6T73)
WRITE(62602)
DO 200 IL = 1, NDTIM
T1 =« TOCUIL)
T2 = TD(IL)/60,0
T3 =« TOUIL)/360040
T4 = TOUIL)/A640C,0
TS = TOUIL)/Z73.15576E+7
WRITE(69675) ILs TODINP(IL)y CTIMD(IL)» T1p CT(1)s T2, CT(2)»
A T3s CT(3)s T4y CT(4)y TSy CT(5)
200 COUNTINUE
RETUPN
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600 FOPMAT('1Y)
601 FOPMATL('OY)
602 FORMAT(Y V)
610 FORMAT('0's (A))
620 FORMAT('0%y* CASEY ', (A))
630 FORMATI(IX, " PIWER HISTAORY EDIT 'p/,%+',20(%_")/)
640 FORMATCLIX, 1Xy*STCPY, 7Xs "STEP LENGTH'y 8X, *STEP LENGTH',8X»
YSTEP POWER"6X» "MLV PERY X, 'FISSION RATE'»6X,YSTEPY, 86X,
"CUNMULATIVE'»3X,"CUNULATIVE")
641 FORMAT(1X, "NUMBER"»5X, " {INPUT UNITS)'»8X, ' (SECONDS) 's8X,s
TCINPUT UNITS)'»4Xs "FISSION'p5X,"(FIS/SEC)*35X,* KW=SEC ¥,
SXo? Ky=-SEC ",5%, " SECONDS V)
642 FORMAT( "¢ 6( " _")s3X5 100 _*)e3Xs160" _")so3Xe16{ ' _1)s3Xs7("_")y
X120 _")s3Xs 100 _*)p3X,10(0_")p3Xp10(°_1))
645 FORPATIIXs 1K 135 5X, 1PEL2ab6s i Xs A2 3N 1PEL246o 1 XpA3p3X51PEL24601Xy

A Ads AXs OPF T30 1Xs 1PEL3445 1Xs 1P 3EL3.4)
660 FORFAT(1X»* DECAY TINME EODIT "5/, 4%,17('_")1)
670 FORMATI(1X,40X»*CECAY TINME (TIME AFTER END OF LAST POWER STEP)')
671 FORMAT("+%,8X,111(*_"))
672 FORPAT(IX,"DECAY "5/, 1Xo"STEP Y 7Xs *INPUT UNITS'510Xe*SECUNDSY,

A 12X, "MINUTES "o 13Xs "HOURS '» L&Xs 'DAYS 513X, *YEARS ')
673 FORMATL 4, 5( Y _*),6(2X,16(_%))17)
675 FOPMATIIX,14+1X,6(2X51PEL13,651X5A3))

END

> @ @»
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ano

20
C ===

30

40

45

50

60

SUBROUTINE EFDOUT

QUTPUT EDITS

CHARACTER CHEA

CORPON /CHDAT/ CHEADs CTITL, CNAM1, CNAM2, CNANE(19),»

CTINP(170)» CTIND(100Ys CUPWR(100)
D*120, CTITL#*80, CNAMLI®*8, CNAM2%8, CNAME*98

CHARACTER CTIMP*3, CTIND®*3, CUFWR*3

COMMON /DRATE/

COMMUN ZFLAGS/
COMMON 7LIMIT/

COMFCN /SORCE/

COFMCN /TINES/
LPEFP = 50

CORAT(11,100)s GDRAT(11,100), BDTOT(100)»
GOTOY(100)» DRTOT(100)

NAMID, MPTIMs MDTIMs NPTIMs NDTIMy) NCASE, MEDIT
NBGy, NGGy» NPMAX, NDMAY, LB(11)s LG(11)»

THINFs TMAXFs EXPLLs ERR

BESRC(11,100), GESRC(11,100)» BFTOT(100)»
GETOT(100), ENTOTY(100)

TPL100), YD(100)e TX(100)s TPINPL10O)» TDINFP(100)

COSE PATE SUMMAPY

NP = ]
WRITE(6,600)
WRITE(6,610)
WEITE(Ep610)
WRITE(6620)
WRITE(6,601)
WRITE(6,630)
WRITE(¢te601)
WkITE(65640)
WPITE(6p601)
0O 20 NL = 1,
IF(FPGTNDTIM

CHEAD
CNAME (NAMID)(17298)
CTITL

LPERP
) GO TO 3¢

WRITE(E,650) NPy TDINP(NP),CTIMDINP),PRTOTINP)»GDTOTINP)»BDTCTINP)

NP = NP ¢ 1
CONTINUE
IFCPPoLT4NDTIN
ENEFGY FELEASE
IF(FEDIT.LT,1)
NP = ]

) 60 TG 10
RATE SUKMARY
GO TO 99

IF(NDTIM,LYL20) GU TO 45

WRITE(6,600)
WPITE(E,610)
WPITE(6,610)
WRITE(6s620)
WRITe (65601)
WRITE(65660)
WRITE(6,601)
WRITE(65670)
WRITE(6»601)
DO SO NL = 1,

CHEAD
CNAME(NANID)(1T7198)
CrimL

LPLRP

IF{NPGT,NDTIN) GO TJ 6C
WRITE(6,5650) NP TOINP(NP )pCTIMDUHP),ENTOTINP)»GETOTING )»BETOTINP)

NP = NP + |
CONTINUE

IF(NPQLTLNDTIMN) GO TT 40

TF(MEDITALT.2)

GO TN 99
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C =o=

70

72

T4

82

84

MULTIGROUP DCSE KATE EDP1TS

NB = ]

NE = R

IF(NBLGToNDIIN) GT TO BC
IFINE«GT4NOTINM) NF = NDTIM
WRITE(6,600)

WRITE(62610) CHEAD

WRITE(6s610) CHAMNEINAMID)(17298)
WRITE(6»520) CYIML

WRITE(6,601)

WRITE (6,680)
WRITE(A»681)
WRITE(E,682)
WRITE(6,602)

PC 72 NG = 1y

WRITL (65683)
WRITE(6,684)
WRITE(6,601)
WRITZ(6,685)
WRITE(6,682)
WEkITE(6,602)

DC 74 NE = 1,

(TCINPIN)»CTIMDIN) »N=NB)y NE)

NGG
NGs (GDRAT{NGsN)HN=NB, NE)
(SDTOT(N) s NeNBe NE)

(TDINP(H)pCTIMDIN)pN=NBy NE)

NBG

WRITE(H,683) NG, (BDRATI(NG,N)sN=NByNE)
WkITE(6,686) (BOTOT(N)y N=NB,NE)
WPITE(Gp601)

WRITE(65687) (DRTYOT(N)»N=HN8,NE)

NB = NB + 8

NE = NE + 8

60 10 70

MULTIGROUP ENERGY PELEASE RATL EDITS

NB = 1

NE = 8

IFIMBLGToNDTIM) GO TO 99
IF(NESGTNDTIM) NE = NDTIN
WRITC(6,600)

WRITE(65610) CHEAD

WRITE(6+610) CNAMEINANID)I(1T7198)
WRITE(6,620) CTITL

WRITE(6,601)

WRITE(6,690)

WRITE(6,691) (TCINPIN)» CTIMDIN),»NeNB»NE)
WRITE(6,602)

WP11E(6,602)

DU €2 NE = 1, NG

WRITE (5,683) NGy (GESPCINGs N)s» N=NB,NE)
WRITE(65684) (GETOTI(N)sN=NByNE)
WRITI(6,601)

WRITL(6»692) (TDINFINISCTIMDIN)sh=NByNE)
WRI1TE(Ep682)

WRI1TE(6,602)

DD €4 NG = 1, NBG

VRITE(6,6683) NG, (BESRCINGyNIpNeNB, NE)
WPITE(6,686) (BETUT(N),N=NA,NE)

WRITE(6,601)
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WRITE(69687) (ENTOT(H) s N=NBs NE)
NE = NB + 8
NE = NE + 8
GO 70 &1
99 CONTINUE
FETURN
600 FORMAT('LY)
601 FOPMAT('0Y)
602 FORMATI(' )
610 FORMAT('0', (A))
620 FOPMATL0'," CLZEY ',(A))
630 FOFHAT(Y0', "' DUSF RATLC SUMMARY ', /5%+',19("_1))
640 FORMAT('0'»28Xs" DOSE RATF AT THREE FEETY (REM/HR) ',7,2X,
A YSTEPY 523X 36("=% ), /9 1Xs "NUMBER Y 6Xy» YDECAY TIME',8X,
3 TTOTAL s BX, "GANMA s OXs "BETA Y5 /p Y4607 _")p3X,16(%_"),
& 313X, 1CL_")))
650 FOPFAT(IX» T4, aXp IPEL1346»1XsA3,3(1PEL344))
660 FORMAT('0%," SOUFCL EMERCY RELEASE SUMMARY "5 /,'#%,31('_"))
670 FOPMAT('0'» 31X, "SOURCE ENERGY RELEASE (MEV/SEC)',/s2Xs'STEPY,
A 23Xp 360 =), /91X "NUMBER "o 6Xs "DECAY TIMEY»8Xs "TUTAL',8X,
B YOAMMA'  SX,"BETA Y5 /5 40, 6( 7 _")y 3Xs 1607 _")p3(3X,10(0_1)))
680 FORMAT('0's * MULYLUROUP DCSE RATE EDITS "5/ +%,28(%_t)/)
681 FORMATUIX, 41X, "CANMA DUSF RATE AT THREE FEET (REM/HR)',
A Y AT SELECTED DECAY TIMES's/o3Xs"GAMMAY 35X 117(%=4),/,
B IXs "GROUP* ,2X»B8(1PE134401XsAl))
682 FORMATI "4, G( " _"),8(3Xs12(7_7)))
683 FOFRATUIX, 155 3Xs 1PEBELS %)
684 FOFMAT('0', *GAMM2 SUN'HIPEL44sIPTELS4)
685 FORMAT(IXs41X»"' BETA DOSE RATE AT THREF FEET (PEM/HR)',
A " AT SELECTED DECAY TIMES »/7»3Xs" BETA'S5Xp117(%=V),/y
8 3Xs "GROUF "2 X8 (1PE134451X5A1))
686 FOPMATI(*0'," BETA SUN'1PEL14e4)1PTEL1Se4%)
687 FUOPMAT('0%, " TOTAL '51PFl44%51PTEL1S5e4%)
690 FORMAT('0', ' MULTIGPOUP SCUPCE ENERGY RELEASF RATE EQRITS v,/,

A 49,45(% _*)7)
691 FOFFATC(IX, 39X, *SUUPCE GAMMA ENERGY RELEASE PATE (MEV/SEC)Y,
A " AT SELUCTED DECAY TIMES's/»3Xs "GAMMA'9 5X, 120(%="),/,
8 X '"GROUP'»2XsB (1PF 13645 1XsAL))
692 FOFMATLIX, 36X, TOURCE BETA ENERGY RELEASE RATE (MEV/SEC)'»
A * AT SELFECTED DECAY TIMES's/53Xs" BETA'»5X,120("'=")y /7y
3 ANy "GROUPY, 2XsB(1PEL3e4s1X,A1))
END



CUBFOUTINE EFRS1IP»11,12)
DIAGNCSTIC MESSAGES FULLOWING ERROR DETECTION

COMMON FCHDAT/Z C(HEADs CTITLs CNAML, CNAM2, CNAMEL19),
A CTI®P(100)y CTIND(10Q)» CUPWR(100)
CHARACTER CHEAD®120, CTITL*E0, CNAHL®*E, CNAM248, CNAME*98
CHARACTER ClIMP®3, CTIND*3, CUPWR®*3
COMMUN ZIRRAC/ FRATE(100), PWRIN(100)» ENGPF(100)
COMMON /LIMIT/ LiBGy, NGGs IHPMAX, HDMAX, LB(11)y LG(1l)»
A THINFs TMAXF, EXPLL, ERR
CCHMMON /TIMES/Z TP(L100), TD(100), TX(100)s TPINP(100)s TDINP(100)
WR1TE(62600)
G0 YO (19293049 5,69798295,10,11512513514915,16917)» IP
WRITE(6,601) CHRAKL, CHAN?
60 Tu 9§
WRITI (69602) NPMAX, 11
60 10 98
WRITL(6,603)
G0 10 99
WNRITE(S,604) 11, 12
1o 10 99
WRITE(6,605)
GC YO0 99
WRITE(6,606) NDHAX, 11
60 10 99
WRITE(6607)
GD T0 99
8 WRITE(6,608) 11, TPINP(I1)y CTINP(IL)
60 10 99
9 WRITC(H,609) 11, PWRIN(I1l)y CUPWRI(IL)
GD T3 99
10 WRITE(6,610) 11, ENGPF(I1)
GO 10 99
11 BRITE(6s611) 11, CTYINPLIL)
GO T0 99
12 WRITELGs612) 11, CUPWRIIL)
G0 TO 99
13 WRITE(6,613) 11, TUINP(IL)y CTIMD(IL)
€0 YO 9%
14 NRITE(6,614) 11, CTINDIIN)
60 TO 99
15 WRITE(6,615) 11, THINF, TDINP(ILl)» CTIMD(IY)
GO0 TG 99
16 WRITE(6,616) 11, TMAXF, TDINP(T1)y CTIMD(I1)
GO 10 99
17 WRITELE»617) 11 THAXFy 12
99 CUNTINUE
WRITE(A,£99)
sTopP
600 FCPPFAT('1Y)
601 FORPAT('OND MATCH FOUND FUR THE INPUT FACILITY AND ELEMENTY, »
i TOINPUT VALUES = ", (A),(A))
602 FORMAT('OTHE NUA3ER OF POWER STEPS SHOULD BE PNSITIVE AND'»

- o A » w N -



1 * SHOULD NOT EXCEED's»I4s/»

2 YOINPUT VALUE =%, 14)

603 FOPMAT('ONN POWER STEP DATA INPUT) ALLOWED ONLY AS AYy
1 ' CHANGE CASE')

604 FORMAT(*OPOWER STEP DATA OUT OF SEQUENCE',/,
1 YOSTEP NUMBER',14,% INPUT AS'»14)

605 FORFAT('OND DECAY STiP DATA INPUT3; ALLOWED ONLY AS AY,
1 ' CHANGE CASEt')

606 FORMAT('OERROR IN THE NUMBER OF DECAY STEPS REQUESTED'e/»
YOALLOWADLE VALUES ARE?Y,
2X» %1 TO'-14," [O READ THAT MANY STEPS FROM INPUT',/,
264X, %0 TOU USE DECAY STEP DATA FROM THE PREVIOUS CASE'»/»
24Xy *=1 TN =7 TO SELECT ONE OF THE DEFAULTY TIME SETS'»/,»
YOINPUT VALUT e',14)
607 FOPMAT(YOPREMATUF: LND OF INPUT DATA ENCOUNTERED')
608 FOFMAT('OZRROR IH POWCR STEP NUMBER', I4+/,
YOPUWER STEP LENGTH MUST BE GREATER THAN IGRO'»/»
YOINPUT VALUE =',1PEL245,1Xs (A))
609 FORMAT('OERROR TN PUWER STEP NUMBER',I4,/,

1 "ONEGATIVE POWER LEVEL NUT ALLOWED'»/»

2 YOINPUT VALUE ="', 1PEL12452 1%y (A))
610 FORMAT('OERROR TN POWER STEP NUMBER',14,/,

LE I T

N -

1 YONEGATIVE ENERGY PER FISSION (MEVFFIS) NOT ALLOWED'»/»
2 TOINPUT VALUL =',1PEl12.5)
611 FORMAT('OERRUR IN POWER STEP NUMBER'» 145/,
1 YONO MATCH FUUND FOR INPUT UNITS ON POWER STEP LENGTH'»/»
2 YOINPUT VALUE ='»1Xp(A))
612 FORMAT('OERROR IN POWER STEP NUMBER'» 14,/
1 YONM MATCH FOUND FOR UNITS ON INPUT POWER LEVEL'»/,»
z YOINPUT VALUE =',1Xs(A))

613 FUPMAT('OERROR 1IN DECAY STEP NUNBER's I4s/»
YONEGATIVE DECAY TIME NOT ALLOWED's/»
YOINPUT VALUE =%, 1PEL245s1Xs (A))
614 FOPMAT('OERROR TN DECAY STEP NUMBER'»I4s/»
1 *OND MATCH FOUND FOR INPUT UNITS ON DECAY STEP LENGTH's/»
2 YOINPUT VALUE ="', 1Xs(A))
615 FORMAT('OERROR IN DECAY STEP NUMBER'»>I4,/,
'*ODECAY TIME MUST BE GREATEP THAN',1PE1245,/»
YOINPUT VALUE =', 1PEL24521Xs (A))
616 FORMAT('OERRUR IN DECAY STEP NUMBER',14,/,
1 YODECAY TIME MUST BE LESS THAN',1PEL12.5s/»
2 TOINPUT VALUE =", 1PEL24521Xs(A))
617 FORMAT{'OTHE TOTAL TIME FROM THE END OF POWER STEP',l4s/»

™N -

N -

1 YOEXCFEDS'»1PE1245," SECONDS AT THE END OF'»
2 ' DECAY STEP',I14)
699 FORMAT('OINPUTY DATA CHECKS TERMINATED')
END
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OO0On

SUBRCUTIME MATCH

SUBRNOUTINE TO CHECK INPUT FACILITY NAME AND ELEMENT TYPE AND TO
IDENTIFY APPRUPRIATE GAMMA=RETA TRANSPORT AND DNSE RATE MODEL

CUMMUN /CHDAT/? CHEAD, CTITL, CHAItl, CNAM2, CNAME(19),»
A CTIMP (10U, CTINDL(L00), CUPWRI(100)

CHAFACTER CHCAD®120, CTITL*60, CHNAM1®B, CNAM2*8, CNAME*98
CHARACTER CTIMP*3, CTIMD*3, CUPWP*3

COFHCM /FLAGS/ MAMID, MPTIM, MDTIMy NPTIM, NDTIM, NCASE, MEDIT
NAMID = O

PO 10 N = 1, 19

IF(CHAMLLEQ CNAME(N) (118 ) JANDJCNAM2 L EQ.CNAME(N)(9116)) NANID = N

10 CONTINUE

IF(MAMIDLEQ.D) CALL ERKS(1,0,0)

RETURN

END



SURRUUT INE ROINP

c SUBRCUTINE 10 READ INPUT

A

&

10
15

20
25

50
90
500
510

520
530

COMMON /CHDAT/ CHEADy CTITLs CNAM1, CNAM2y CNAME(19)»
CTIFP(1002y CTIND(100)s CUPWR(100)

CHARACTER CHEAD#120, CTITL*80s CNAMLI*8, CNAM2%8, CNAME*9S

CHARACTER CTIMP#3, CTYINMD*3, CUPWR®*3

COMMUN /FLAGS/Z NEMID, MPTIK, MDTIM, NPTIM, NDTIMy, NCASE» MEDIT

COUMPON /IRRAD/ FFATE(100), PWRIN(100)» ENGPF(100)

COMPON ZLIMIT/Z NRG, NGGs NPMAXy NDMAX, LBI11)s LG(11)»
TFINFs TMAXFy EXPLL, ERR

COMPON /TIMESZ TP(100), TD(100)s TX(100), TPINPL10O)s TDINP(100)

REAC(5,500,EMD=SC) CTITL

FEAD( %9 510,ENDeSC) CNAMI1, CNAM2, MPTIM, MOTINM, MEDIT

CALL MATCH

IFIMPTIF LT «Qe0RJMPTIMGGT gNPMAX) CALL ERRS(2,MPTINM,0)

LF(MPTINFEQeO AND NPTIMJNE,OD) GO T0 15

IF(FPTIMGEQ.D) CALL ERRS(2,0,0)

MPTIIM = FPTIM

OC 10 I = 1, NPTINM

LL = 1

READ( 59520, END®S0) NS»TPINPII)CTIMPII )y PWRINI(I),CUPKRILI)SFISEN

IF(MSeNEeI) CALL ERR3(4sLLsNS)

IF(FISENGGTLERR) ENGPF(I) = FISEN

JF(FISENSLESERR] ENGPF(I) = 200,0

CONTINUE

CALL CKINP(])

CONTINUE

IF(MDTIMGEQ.OeANC G NUTIMGNESD) 6O TO 25

JE(MOTIMGEQeO«ANCoNDTINGEQeOD) CALL ERRS(5,0,0)

IF(PDTIMoLTe=7eCRoaMOTIM GToNDMAX) CALL ERRS(6,MDTIN»0)

IF(FDTIMOLT0) CALL TLOAD

IF(MOTINGLTL0) 6O TO 20

NDTIMN = MDTIM

READ(55530,END=9C) (TDINPI(I)y CTIMND(I)s I = 1, NOTIM)

CALL CKINP(2)

COMTINUE

RETURN

NCASE = 0

RETURN

CALL EPRS(7,0.0)

RETUPH

FORPAT(A)

FOFMAT(AB,AR,314)

FOPPMATIISEL24551XsA35E12e5,1%5A35E1265)

FOFMAT(SIEL2:45 1 X0 A3))

END
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SUBRNUTINE TLOAD
INITIALIZE DEFAULT DECAY TIMES

COMMNN /CHDAT/ CHEAD» CTITLs CHAML, CNAM2, CNAME(19),
x CTIMP(100), CTIMD(100)» CUPWR(100)
CHARACTEP CHEAD®120, CTITL*80, CNANL1*B, CNAMZ2*8, CNAME*98
CHARACTER CTIMP#*3, CTIMD*3, CUPWR*3
COMMON /FLAGS/Z NAMID, MPTINy MOTIM» NPTIM, NDTIM, NCASE, MEDIT
COMMON /JTIMES/ TP(100), TD(100Js TX(100)y TPINP(100)» TDINP(100)
DIMENSION TSCTi%,50)
DATA (TSET(151), I = 1, 24)
A/ Qe 1> De?2> Ce3» 0e%» 140» 2:0» 3.0 5005 10400 2040,
8 JC.’ 50e» E0e» 1004e» 1200! 1804» ZCCOD ?‘!000 300.' 3600'
C 420es 400e» %5CO0e» 600, /
DATA (TSET(251)s 1 = 1, 24)
A/ Del>s 0s2» Ce3» Oe5y 1.0, 20y 3.0 500 Be0» 1040»
8 12er 16e> 20gr 2har 30es» 1Y 50e» T2e9 96e¢» 10040
C XPC.) 1""" "Qc' ?"')o I
DATA (TSET(3,I) I = 1, 32)
A/ Delo» De?» Qe3> 0e5, 1le 0; 2¢Oy 3.0» 5¢0» Te0s 1040,
8 l4er 204> 2les 2B4s 3049 50es 60epr 90ss 100er 1204
C 150e» 1804¢s 2004» 21045 24049 2704» 300es 32049 36549 7304»
C 1U"5o!1825. ’
DATA (TSET(4sI)s I = 1, 264)
A/l Oely 042 0435y O0ebs 0059 OeTe 048 102
B 1.2' lo"' 1.0' l.Ey 200. 3.0' “000 boO'
C T¢0» 8400 S¢0, 1040 /
DATA (TSET(5¢1)s I = 1, &Y
A/ leQO» 240, 3:0» 4.0 5¢0r 10400 304010040, 100 2¢0»
B 1409 4,0 5¢0» 10409 15400 30,0, 60,0, 1.0, 2:0» 3.0,
C 4¢0» 540 Be0s 164Cs 24,00 4840 7240, 84,0, 10 2.0,
D 340s» 4.0y 5¢0s beOs T40p 10409 1440y 210, 2840, 3040,
E 60e0s 9060912Ce0,15060,1€040» 1¢0» 2¢0» 3.0
NSET = «MDTINM
60 TO (10s 20s 30, 40p 30y 60, 70)» NSET
10 NDTIN = 32
TDINP(1)
TOINP(2)
TDINP(3)
TDIKP(4)
D0 12 ND
TOINPIND) = TOINPIND=4)*10,0
0O 14 ND = 1, 32
CTIMDIND) = 'SEC?
€0 10 99
NDTIM = 32
kP = 1,0
CO 22 ND = 1, 32
TOINPIND) = 10,0%%XP
XP =« XP ¢ 0,25
CYIMDIND) = 'SEC?
€0 10 SS9
NDTIM = 24§




32
40

42
50

52
60

62
70
12
74
75
76
77

78
99

00 32 ND = 1, NDTIH
TOINPIND) = TSET(1,ND)
CYIFDIND) o YMIN®

€0 10 99

NCTIN = 24

D0 42 ND = 1, NDTIM
TODINPIND) = TSET(2,ND)
CTIMD(ND) = *HRS?

€0 TO 99

NOTIN = 32

DO 52 ND = 1, NODTIM
TOIMPIND) = TSET(3,ND)
CYIPDIND) = *DAY!'

GC 10 99

NOTIM = 24

DC 62 NC = 1, NCTIM
TOINP(NC) = TSET(4,ND)
CTIFDIND) = "yR:?

G0 10 99

NDTIN = 48

DO 72 ND = 1, NDYIM
TOINPIND) = TSEY(5:HD)
00U 74 ND = 1, 8
CTIMDUNC) = 'SEC?

PO 75 ND = 9, 17
CTIFDI(ND) = *MINY

PO 76 ND = 18, 28
CTIMD(ND) = '"HRS®

DO 77 ND = 29, 45
CTIMDUIND) = *DAY"

DU 78 ND = 46, 48
CTIMDIND) = PyRSoY
CONTINUE

RETURN

END



SUBROUTINE UFYLL (TPR,TDK)

SURRGUTINE UFYLD FINCS BETA AND GAIHA ENERGY YIFLDS RESULTING FROM
A CONSTANT UNIT FISSIGN RATE OVE® AN INTERVAL NF *TPR' SECONDS.
ENERGY YIELDS ARF In MEV/SEC AT *TOK? SECONDS AFTER THE END OF THE
FISSION INTERVAL.

COMMON /JCUZFF/ BALF(23,11), BLAM(23,11)» GALF(23,11)s GLAM(23,11)
COMMON ZLIMITZ NRGy NGGs NPMAXy NDMAX, LB(11), LG(11)»
A TFINF, THMAXFs EXPLL, FERR

COCMPON JUFRYD/ BEPFRI(L11)» GEPFR(11)

BETA GPOUPS

PO 200 NB = 1, NBG
L = LB(NB)
BEPFRINB) = 0,0
DO 100 NC = 1, L
E2 » «~BLAMINC,NB)*TDK
El = «~BLAMINC ,NR)*TPR
IF(k?IL&.E‘JLL, T2 = 04,90
IFLE2.GTEXPLL) 12 » EXP(E2)
IFLE3eLEsEXPLL) 13 = 1,0
[IFLEISGTLEXPLL) 13 « 1,0 - EXP(E3)
T1 = BALF(NCoNBI/BLAMINC»NB)
BEPFRINB) = BEPFER(NB) ¢ T1eT2#73
100 CCNTINUE
200 CONTINUE

GAMME GRCUPS

DN 400 NG = 1y NGG
L = LGING)
GEPFRING) = 040
Cr 300 KC = 1, L
£2 o ~GLAMINC, MG )*TDK
€1 o =CLAMINC,NC)*TPP
TF(Flel beaEYPLL) T2 = 0,C
IFLE2.GToEXPLL) 12 = EXFLEZ)
IF(E3.LELEXPLL) 13 = 1,0
If(l3.FTQfXPLL) Th » l1e0 = ilp(fa,
11 = GALFINC,NG)I/GLAMINC,NG)
CEFFRING) = GEPFRING) ¢ TleT2¢73
300 CONTINUE
400 CCNTINUS
FETUERN
FNT




e 1aka]

SUBFOUTINE ZARAY
IEFQO ENERGY SOURCE AND PUSE FATE ARRAYS

COMPON /DRATE/ BURAT(11,100)s GDRAT(11,100)s BRDTOT(100)»
A GOTNT(100)» DRTODT(100)

COMPOUN /LINITZ NEBGy KGGe NPMAXs NDMAX, LB(11), LE(11)»
B TPINF» TMAXFs EXPLLs» ERR

COMMON /SORCE/ PBUSRC(11,100C)y GESRC(11,100)y PETOT(100),»
. GETOTEL00)Y, ENTOT(100)

0O 30 ND = 1, MOMAX

BETOTINC) = 04,0

GETO0TIND) = Cet

ADTICOT(ND) = 0,0

GOTOY(ND) = 0,0

DU 10 NG = 1, N3G

BESECI(NGsND) = 0,0

BORAT(NGsND) = 0,0

10 CONTINUE

00 20 NG = 1, MGG
GESRCINGsND) = 0.0
GDRAT(NGsND) = 0,0

20 CONTINUE
30 CONTINUE

RETURN
END
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OO0 OO0

BLOCK DATA COEF*

INITIALIZE IMPULSE SCURCE FUMCTION COEFFICIENTS

COMMON /COEFF/ BALF(23,11),

DATA (BALF(I,
$/ 2.7687GE=01%y 1,28097E=013,
$ 9.36B97L=06» eBOT721E=(Cb0
$ J,275717E=00y 74,271571=069,
$ 1450326E~-11/

DATA (BALF(Iy, 2)sl=1,17)
$/ 1.82626E=02» :401826E=03)
$ 1,10704E=06&y J,75435E~CH,
$ 2¢339CT7E=D7» <,02395L=08,
$ 1624375E~10» 1.25056E-11/

DATA (BALF(ly 3),1=1,17)
$/ 3,83660E~-02, 1,20318E=02y
$ 1430117E=24» 4.08136E-0%,
$ 1,32017E=07» 1422056E=08,
$ 262%836E=10p 1.55507C=11/

DATA (BALFI(I, 4)sI=1s17)

lirI#1y10)

$/ 5.65416E-02» 2,38°913E=02,
$ 1e44031E-04, 1,93732E=05)
$  T7.92657€-08y “439155E~09,

$ 3.65979E-11, 1.30160E-11/
DATA (BALF(L, 5)sl=l,yl6)

$/ 6.1R952E=02, 2463810E=02,
$ 1,15508E-04s 3.,70577E€-05,
$ Te87866E=08) 5,3P424E~=10»

$ 3.56942E=12/
DATA (BALF(Ly 6)p1e1yp16)

$/ 5.68253E=02y 4,20895(=02,
$ 1.09553E=04» 2.91333E-05,
$ 1.10940E=08, 7,066705E=11,

$ 2441157E-14/
DATA (BALF(!,

$/ 6463156%=02,
$ 6461565€~05, 2,60429E=05,

$ 143%254c=08, 3,93246E~-11,
DATA (BALF(I, R),I=1,15)

$/ 1s23767E=01y 44342007=02y

$ 1.35340€=04» 2,33256E~05,

$ 64398672=09y %.07757E~11,
DATA (BALFUI,» 9)5]1=1,14)

$/ 5¢21141F=02, 14406320=02y

$ 24¥1370E8=05, 7.55437C=07,»

$ Ce4%5T7%4EF=12) 1e57561E=16p
DATA (BALF(I,10'»1I=1s13)

$/ 2.47950E=02y T7,73591E=93y

$ 1424719€E=05, 1425100F=07,

7)s1I=1,15)
24652028=02,

BLAM(23,11)»

4o TH613E=04,
6e9TL62E=0T»
4e064634E-09,

5¢02635E-03»
1,28235E--05,
1e 07640E-08,

9.60329E-03,
1«38431E-05,
2¢75929E=09,

1:53936E=-02,
1, 00242E=05»
3,14023E~10s

1e70417E=02»
4e31425E=06»
3425314E~-11,

1.,64235g-02,
3.0178BE=06»
1¢76405E=10,

1499957E=02,
4,25276E=07
2.63822€~11,

2¢943508=02y

1.55706E=06)»

1e 72253E=02»
4¢60218E=08,
5¢34662c~19

Te31443E=03,
1432243E-08,

A-20

GALF(23,11),

5.01187€-05,
525675E=07»
Te20239E~10y

2+41635E-03y
1.86468E-06y
6+ 05622E-09»

3,91077E=03,
2:41778E-06»
24 16993E=09»

4¢ 59B77E~03»
14%6503L=06»
8.,58378E~11,

4e46878E=-03,
1.08707E=-06»
4¢33761E-10,»

4 CBT7C3E-03,
2¢32268E~-07»
3470529E~11,

3.55701E=03,
4+13834E-08,
3.17023E~11,

4483717E-03,
3.54762E=07»
3.94038E~12,

1.464734E-03,

GLAM(23,11)

wwmemeee BETA RELEASE CCEFFICILNT, IN 11 ENERGY GROUPS ==—==e=

2457695E=05,
6.42172E~08,
4. 66955E~11»

2047292E=04»

1459380E~06»
1432156E-09»

3489244E-04»
1.51009E=06»
7el3751E~10s

4+07969E=04»
1le63683E~06s
4+47296E~10,

4e26161E=04)
le 17447E-06»
3.78592E~-13»

4468408BE~04,
1.15956E=06»
2496361E~11»

4sT1405E~04»
1445412E~06»
1.83652E~-1T/

T«18957E=04y
le67968E=06s
1.43663E-17/

3468088E=04»

Te22653E=079=2430797E=08s

T.58%36E-19/

40077470 =04y 1e17944E=04»

2¢93470E~14p

8+93566E~13,



3 “.9&?20&'101
DATA (BALF(Llell)sl=lyll)
$/ 1.00640E=02y 2437762E-03,
$ 4451912E=07y 4497950E=06»
$ 2.,006€67E-21
DATA (BLAM(IL, 1),I=1,16)
$/ 1.45381E-00, 1.,38592E-C1,
B 1.TE0S4E~C4)y lab7
$ lc(’r:"‘::"*t'»JFO D elf
$ BeP1828E~17/
DATA (BLAMCI,
$/ 1,661242-00,
3 IQZ:Qﬂ}[—:’o
’

belbl60E=21,

429E=C4y
53E=07»

ciol®lpel?)
1421.i8bE=01)
40 35%80L=04,
79174 6E=10/

$ 5.93531&g=0¢
4 2.09389E~08
DATA (BLAMIUL, 3),I=1,17)
$/7 1b4979E=00s 3421
s 1635059E~03y 4,64020E~C4,
% 7¢22542E~065 1440600E=~ChH)
B 2¢16C17E~CQCy 7480363E=10/
DATA (BLAM(Ly &)p1=1,17)
1. A96BLE~Q00, 4,14764C-01,
1642949E=03, &4.,67963E~=C4y
G+64535E=06 1450572k=C6»
2¢228CB0E=0By 7,92748F~10/
DATZ2 (BLAM(I, 5is»i=ls16)
$/ 1.85587E=00y 4o44567E=01,
$ 1.53095E=03, 5,23311E=04,
$ 1e2224TE=05» 1415084E~Chy
$ T.82691E~10/
DATA (BLAM(I,
$/ 2.¢0230€E-00,
$ 1¢59460E~03,
$ 1.16860E-05»
$ E,07920€&~-10/
DATA (BLANMLI],
$/ 1,53066E-0Q00,
$ 1.66642E-03,
4 1.66286E=05,
CATS (BLAMLI,
$/ 1,81367E-00,
$ 1.76473E-03)
$ 1.7819¢CE-05»
DATS (BLAMLI,
$/ 1,77610E=00y
$ 2,69946E=03) 4,76595E=04,
1 1¢037€62E=086y 2+4BB0BE=9T»
DATRA (BLAM(1,10),121,13)
$/ 1.76145€E-00, 2.,83592€E~-C1y
$ 4,21053E=-01 1,4P404E~-03)
3 1.5365€k=071» Je63928E=11)
Delr (BLAMLIL1Y)pI=1pll)
$/ 1,E46C1lE~-00, +,80248LE=C],

$  4e99222E-0%p 1,7P640E=C1

263E-C1,

$/
$
$
$

Elsl=lslb)
5¢53390E~Cl»
5e72220E=C4y
1¢76488E~07»

T)sl=1,15)
19 46034E=01»
6e04011C~04,
1406953E=06»

Blslelsl5)
4,59880E=C1,
t «43176E=C4)»
107271E=069»

9islelpld)
1+09978E=01»

’

1¢59019E=20/

3.7"7Q1k-01p
3.33028E=10»

1.706G6E=02,
4e22T7T06E=05»
2¢30415E=0T7,

1 02291E=C1»
le66976E=04)
5.02256FE=07,

1405840&=01s
1.77849E=04,
34 66400E=07)

1.03639E~01,
1o 77740E~04»
2¢38752E=07»

1.13852E=01,
loQOOQOE—OQ'
3.88620E-0T7,

1¢17430E-01>»
1,97920E=04,
2+68330E~-08,

1.3R8453E=-01,
2¢57148BE=0Q4y
3417196E~08)

1,24126E-01,
2+ 384T7BE=04,
9.82652E=07,

1.336428E-01,»
1495245E~06»
3¢24306E~11»

1422365E-01»
6.87533FE~05»
1.60657TF=12/

le@7604E~D1,
B-25413E~04»

2+800B7E=04y
4¢79124E~-13»

2.4075BE=-013,
1¢47919E-05,
Te66225E-08,

1.84530£8=02,
4+ 6TE02E=05,
2.20085E=07»

1¢99022E=02»
5B6555E~05,
1.58688E~07»

2.C1082E-02,
5¢TT599E-05,
3¢ 406B1E=CC,

2¢19628E=02»
5.10860E=05,
2+ 76019E-08,

2429LECE=Q2,
4+ 03530E-05y
2«75715E~08,

Ce43432E=02>»
T+12453E-05,
2¢34170E-08,

2433524E-02»
Te64934E-05,
2¢18503E-08,

2.703648E=02»
6+51984E~05,
2¢418RQ9E~12/

3.36318E=02»
1.22R93E-06,

61852 1E-02,

2¢57530E-05>
2402480E~14»

9¢23360E=04»
4e5¢8306E~-06»
1¢58689E=08»

3.88907E=03)»
1470337E=05»
8+.12784E-08y

4450680k=03,
2¢31590E=05y
592765E~08»

4¢42658E=03»
2+79235E~05»
2T6327E=08,

5¢16312E=03,
34245968E=05»
2.96448E~-08,

5.76010"03’
3.61940E~05,
2.78522E-08,

bol“352£‘03p
505745E~05,

1.18534E~09/

6. 69054E-03,
64026412€E-05»
842042TE~10/

Es6TI64E~03)
B+19106E~05,

1412570E-02»
1.03353E~06»

1.5605‘5‘02'
1.03618E~06»




2 kaXalal

$ 2.06826E-07/

DATA (GALF(Is 1),1I=1,19)
$/ 248B1727E-02» 1¢61475E-02,
$ Ge71714E~04s 1.0°023E-04»
$ 3.46526E=0Ry 3.74680E~-07,
$ 242B722E=11s 1.35579E-12»
DATA (GALF(ly 2)s1=1,19)

$/ 1484161E~-01s 1401402E~-C1»
$ 240%5240€E-03, 5,8478B0C~04,
$ 1.53297E=06» 1.70129E~06hy
$ 1.67132E=08, l.86140F=11,

DATA (GALF(I, 3),1=1,19)

$/7 3.79060E=02, 2,97680E-02)
$ 5.68940E~U4» 1453400C~-04»
$ 6.55250E=07» 4419120E~06»
$ 1.,92510E=12) 2.44020E=13,
DATA (GALF(I, 4)sI=1p14)
$/ 1e¢54224F=025 1.50988g~-02,
$ Te4b6236E=04y 9433988E~=05,
p Te51465E=0R8, T7,30439E~12,
DATA (GALF(Ll, 5)51I=1,1%)

$/ 4,0BB10E=03, 3I,77566E=03)
$ 1eH35971E=064, 6,12283E-05)
$ 3.64684E-UTy 2.,0746T7E-08,
$ 282216E-11) 2.9329%E~-15»

DATA (GALF(Lly 6)sl=1,16)

$/7 Te22591E=03s 6479147E-03)
$  3e964%52E-05s 2442358E-CH5,
$ 2.05726E-10, 3.16494E-09,
$ 1.46640E~17/

DATA (GALF(Ls 7)sl=lsl5)

$/ 5.89171E-03, 5.67017€-03,
$ 24665719E=34y €497154E=05,
s 7.20505&‘11) 4e09766E=12»
DATA (GALF(1l, B)slvlsle)

$/ 3.,99571€-03, 3,92433%€-03,
$ 2,18426E=04y 246K7T73c=05»
$ 1e56163E-07» tel0°31E~11»
$  1.4¢8%3E-18/

OATA (GALF(ULIs 9)sl=ls16)

$/ 30‘0297&‘030 2487557FE=013,
$ 1e39928E=04, 1,987813(=04,
$ 6439300E=C9» 446603PE~-11,
$ 5.61784E-207/

DATA (GALF(I,10),1I=1,12)

$/ G 34812E-03, Z.7697CE=C3»
$ 5e59007E=0by T.51496C~C8Hy
S 1e15456E-13» G.9-5Q7E=24/
CATA (GALFUL1,11)2121,10)

$/ By05BCIE=04, 4,501 8%E=04,

1e24735E=02y
4¢ 14073E=05»
Te4b6642E=-08,
70ﬁ3209E°1"

8¢91371E~02»
1,37557€E~04,
2¢14785E-07,
3e41440E0=13y

1.36500E~-02y
9+49510E-05,
3¢25060E-09»
2el17720E~-17»

8+18830E~03,
6e TTT752E-05
2¢30393E~16,

1e83077E=03»
1.86629E-05,
9.06640E=-09,
1427293E~-17/

3e49954E-03)
7.90396E-06,
1453665E-09,

3,04504L-03,
20 464 T4E-05,
Le50575E=14»

2.13233E-03,
5¢77121E=06»
2¢05073E~=11»

1+71152E=03,
1.19133E=06,
2447843E~14,

1428471603,
2¢52101E~-09,

1428026E=04,

6.96348E~03)
24 04980E=05,
1.31237E-08,
1.09613E~17/

2¢666436E~02y
1.80822E-03y
2.85053E-08,
2 7R360E-11/

570730E~03,
2+19780E-05,
1+07120€=09,
5e418C00E=-18/

5¢02757E=03,
9+79902E=06»
4e36659E~-17/

Le41679E=03,
6+57733E-06»

cemme=e GAMPA PELEASE COEFFICIENTS IN 11 ENFRGY GRUUPS =wewwee

1:87744E-03)
5¢83658E~=06»
1.29306E-09,

6e38636E=03y
4 T4585E~05,
6+ 34009E~08,

2468260E-03,
2:466T70E=06»
2¢92050E~11,»

2¢94196E=03,
4e0664TE=06»

1,00882E~-03,
4« 07153E~06»

5¢35514E=11,-4,17564E~-12,

2:04670E~03y

Le13840E~03,

203936‘5‘069'“022“05‘09.

L1e23943E~-13,

1.68190E-03,
9¢38050E=06»
1le 78360E-22,

2.05007E=03,
1.E4319E-06»
Te3763%E~17,

1eC7626E-03,
8.09801E-06,
4eSBT744E~1Ty

1.16145E=0C4,
4,09410E-13,

1le 36264E=06s

4. 7T7990E-20,

Te27511E=04,
4e27331E~07»
4¢33630E~18/

1432325E-03y
3+493096E~-07»
1432623E~18,

5¢61154E=04,
1¢98030E=28»
1.59311E-21»

3457022E=05»
503991E=12»

4433460E=07»



$ 4o5B860RE~10s f441038Ek=12,
DATA (GLAMI(L1, 1),I=1,17)

$/ 2.82757E=00s 3485029E=01»
$ 1.6CCC4E=02» 4418209E=C23»
$ 1437534E=05) 1437567E=05»

$ 2¢00274E=0Ey TeB02647E~L 9y
CATA (GLAM(]Ly 2i91%®]1419)

$/ 24933¢0L=00» 1403920E=0CCy
$ 1449010E-02s 3461150E=C3y
$ 34491708E=05, 1+19200E=05,
$ 1.14540E-07» 1,58230E~-0CF,

DATA (GLAM(T, 3)51=1,19)

$/7 2¢56030E-00y 2,12960E=01,
s 4492420E-03, 1,04920E-C3,
$ 1e6BFECE~05s» 2464920E=06»
$ 2.17630E=08s 2e417630E=08,
DATA (GLAM(I, 4.sI=1,14)

$/ 2.60302E-00, 5.,01187E=01,
$ 6491643c=03» Ce51559E-03)
$ 6¢31631E=07, 2470265E=08»
DATA (GLAM(L, 5)51=1518)

$/ 2455790€E=0U0y 4,94000E=01,
$ 5.49BB0E~0Q03» Ge39440E~C4,
$ 3.894700E-=05» 1e415070%=05,
$ 2¢B11C0E=08, leb4t63E=08,
UATA (GLAM(1s 6)5i=1,16)

$/ 2.456000E=00» 4,53430E-01,
$ 2437020E=03s 4976B0E=04,
$ 5.98080E=07, Co67160E=-0T7,

$ 1.04240E-11/
DATA (GLAN(I, 7)sIml,15)

$/ 2+466356c=00» 5413%07E=01»
$ T7490924E-03, 3.,05388E-03,
$ T.666717€E=07, S5.82384E~07»

DATA (GLAM(I, 8),l=l1s16)

$/ 2463674€~=00y 5,08947E=0Q1is
$ 4 lT7€176-03, 1446059E=07,
s 70“03335‘05! 0.56698E-C7:
$ 3416140E~-12/

DATA (GLAMILs 9)sl=1,s16)

$/ 2.,56850E~00y 4,95990E~=C1,
$ 5.,958610€E-03» 24911€0E-C3,»
$ 6.,09890E~05» *403750E=06»
$ 3,35125%E-~13/

DATA (GLAM(Ls10)s]=2,12)

$/7 24108CT7E=Q00s» 2451749E~0C1,»
$ 34184B0E=03) tebB 165=04,
$ 0Gel16918€E=07y» 4.8706H0E-CK/
DATA (GLAM(I»il)slI=1»10)

$/ 1eB5017E=00) 7 469562e=C1y
$ 1e5647215=03, 748246E=04y
enND

2e32383E=14,

4.225875=01,
Te22565E=04,
2e97704E=06»
8409492E~09,

4o 256E0F=01,
1402160E-03y
3429030€~06,
1.58230€E~08,

1¢30490E=01»
5.90630E-04»

6+91700E=07,»
6e77520E~11»

1436406E-01,
3.78648E=04,
9¢05062E=09,

143441001,
5:98660E-04,
2¢45130E=06,
le48020E~10/

103040E=-01,
1427710E=04»
597900E=07,

1438354C=01,
1.46808E=04,
2412375E~08,

le47318E-01»
4467151E=04,
S5¢9744BE=-07,

1.,35710E~01,
S+ 26650E=04,
5¢06120E=07»

1¢07055C=01»
6e T8993E=04»

8« 55785E~02»
1+06090E=06,
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14 G94953E~14,

1. 08402E=01»
5¢44143E-04,
8e4C200E=07»
1¢19086E=10/

1.36710E=-01»
2e1R250E=04»
3.06010E~-06y
T«20110E~-10/

4e 2B240E~02y
1.97380E~04,
569430E~-07,
Se55460E=11/

4 35751E=-02,
129101E~04,
6e27813k~11/

3.97860E~02,
L«73200E~04,
5¢31110E=07

2+ 78320E=02,
6-64270E-05,
2.15960E-08,

4« 75150E-02,
3.79582E-04»
24 45925%5E~-11,

3.G55919E=-02,
14 31245E~04,
1.01114E-07,

3.95%90E~02,
3.09690E=04
1472020607,

le657S5=025
1e6T7665E=04,

1e¢ 36426E=02,
A« 17850E=07,

8430431E~-23/

4¢33672€=02»
2¢11393E~C4»
2e65565E~07»

4¢83600E=02,

1o 73490E=04»
1.14770E=06,

1¢44110E=02,»
3,60340E~05,
1456540E-07,

1.55072€E~02»
4445812E-25,

14432%50E~02»
8¢35760E-05,
5¢83266E~08,

9.86430E~03,
B8447111E~06»
9.38200E~11»

1.68302€E=02,
Te59741E~05,
2445775E=12/

1.27392€E=02,
1e31198E=04»
3.42943E-11»

1.30330€~02»
8+40180E~05,»
8¢82550E<09,

4¢87316E=03,
1:04071E~06»

8¢1313CE=03,
6423540E=06/



c

BLOCK D TA NAHES

INITIALIZE FACILLITY IDENTIFIERS

A

COMMON /CHDAT/ CHEAD» CTITLs CNAML, CNAM2, CNAME(19),

CTIMP(100), CTIND(100), CUPWRL100)

CHARACTER CHEAD*120, CTITL®*30, CNAM1*8, CNAM2%8, CNAFE*9S
CHAFACTER CTINP*3, CTIND®3, CUPWR®3

DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

CHEAD( 1t 40C) 7 * IRRADIATED FUEL DOSE RATE CALCULATION A* /
CHEAD(4L1t €0) 7 'T YHPEE FOOTY DOSE POINT FOR 4
CHEAD(a11120Q) 7 v ¢
CNAME( 1)(1:16) /7 'FNR STANDARDY ¢/

CNAME( 1)(17357)/% UNIVERSITY OF MICHIGAN FORD NUCLEAR REACY/
CNAME( 1)(58198)/'TUR (FNR) STANDARD ELEMENT ¥
CNANE( 2)(1:16" 7 'FNR CONTROL * ¢/

CNAME( 2)(172:57)/" UNIVERSITY OF NICHIGAMX FORD NUCLEAR REACY/
CNAME( 2)(58188)/°'TCP (FNR) CONTROL ELEMENT v
CNAME( 3)(1116) / *GATRIGAFROD *

CNAME( 3)(17:57)/% GENERAL ATOMIC TRIGA MARK F (GA-TRIGA F)'/
CNAME( 3)(58198)/" SINGLE PIN ELEMENT '/

CNAME( 4)(1216) /7 'GIRR STANDARD® /
CNANE( 4)(17:57)/" CCORGIA TECH RESEARCH REACTOR (GTRR) STAY/
CNAME( 4)(52:198)/'NDARD ELEMENT "
CNAME( 5)(1:16) /7 "MITR=II STANDARD®* /
CNARE( 5)017157)7" HASSACHUSETTS INSTITUTE OF TECHNOLOGY RE'/
CNAME( 5)(58198)/"SCARCH REACTOR (MITR-I1) STANDARD ELEMENT'/
CNAME( 6)(1116) 7 YMURR STANDARD® /

CNAME( 6)017157) /7" UNIVERSITY OF MISSOURI RESEARCH REACTOR ¥/
CNAME( 6)(281S8)/"(MURR) STANDARD ELEMENT ¥
CNAME( 7)(1:16) /7 "NBSR STANDARDY /

CNAME( 7)(17:57)/" NATIONAL BUREAU OF STANDARDS REACTOR (NB'/
CNAMEL 7)(58198)/7°'SR) STANDARD ELEMENT L
CNAMEC( B)(1316) /7 'QUSTR ROD '

CNAME( 8)(17157) /" GREGON STATE UNIVERSITY TRIGA REACTOR (OQv/
CNAME( 8)(5%:98)/7°'STR) SINGLE PIN ELEMENT v/
CNANE( 9)(1116) / 'RINSC STANDARD"® /

CNAME( 9)(17:t57)/" RHODE ISLAND NUCLEAR SCIENCE CENTER REACY/

CNAMEL 9)(58198)/'TUR (RINSC) STANDARD ELEMENT '
CNAME(10)(1:16) 7/ "TAM=NSCRSTANDARD' /
CNAME(LO)(17:57)/" TEXAS AGM NUCLEAR SCIENCE CENTER REACTOR'/
CNAME(L10)(53198)/"' (TAM=NSCR) 4-ROD STANDARD ELEMENT o
CNAME(LLI)(1:16) /7 "TAI=NSCRCONTROL ¢ /
CNAMECLL1)(172:57)/% TEXAS AEM NUCLEAR SCIENCE CENTER REACTOR'’
CNANE(L11)(5€C198)/" (TAM=NSCR) 3-ROD CONTROL ELEMENT '
CNAME(L2)(Y:16) /7 'UCNR STANCARD' ¢/
CNAME(12)(17157) /" UNION CARBIDE NUCLEAR REACTOR (UCNR) STAY/
CNAME(LZ)(O8198) 7/ 'NCARD ELEMENT "
CNAKE(13)(1216) /7 'UCNR CONTPOL * ¢/
CNAME(13)(17157) /" UNION CARBIDE NUCLEAR REACTOR (UCNR) CON‘/
CNAME(13)(S5:98) /7 'TFCL ELEMENT '
CNAME(L14) (1216} /7 YUVAP 12=PLATE' /
CNAKE(L14)(17t57) /% UNIVERSITY OF VIRGINIA REACTOR (UVAR) 12%/
CNAMELLA)(ZE198) /'~ LATE ELEMENT '
CNAME(LS5){1t16) / "UVAR 18=PLATEY /
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAYA
DATA
END

CNAME(15)(17157)/7* UNIVERSITY OF VIRGINIA REACTOR (UVAR) 18'7/
CNAME(15)(508198)/'=PLATE ELEMENT )
CNAME(L6)(1116) /7 'UVAR PARTIAL * /

CNAME(L15)(17157)/% UNIVERSITY OF VIRGINIA REACTCR (UVAR) PAY/
CNANZ(16)(58198)/'RTIAL ELEMENT v
CNAME(L7)(1116) / "UVAR CONTROL * 7/

CNAME(17)(17:57)/" UNIVERSITY OF VIRGINIA REACTCR (UVAR) CO'/
CNARME(L17)(58198) /*'NTROL ELEMENT '
CNAME(L18)(1116) /7 'UWNR STANDARD® 7/

CNAME(18)(17157)/" UNIVERSITY OF WISCONSIN NUCLEAR REACTOR '/
CNAME(18)(58:98) /Y (UWNR) 4~ROD STANDARD ELEMENT v
CNAME(L9)(1116) /7 '"WSUR STANDARD Y 7/

CNANE(19)017:57) /7% WwASHINGTON STATE UNIVERSITY REACTOR (HSU'I
CNAME(19)(581968)/7'R) 4=ROD STANCARD ELEMENT
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BLOCK DATA NUMBS

INITIALIZE CUNTRNL VARIABLES AND FLUX=TO=-DOSE CONVERSIONS

COMMIN /FACTR/ BTRAN(L9511), GTRAN(19»11)s BFTOD(11)» GFTOD(11)
COMFON /ZFLAGS/ NAMIO» MPTIMs» MDTIM, NPTIMs NODTIM, NCASE, MEDIT
COMPON FLIMIT/ NBGy NGGs NPMAXy NOMAX, LB(11)s LG(11)»
A TMINF, TMAXF, EXPLL» ERR
DATA NPYIM, NDTIFy NCASE 700051/
CATA NBGy NGGsy NPMAX, NOMAX /11,11,100,1007
DATA LB /716917-17917516516215515514»135117/
DATA LG /7195195195 14,1801%515516,516,12,10/
CATA THINF, THMAXF, EFP, EXPLL /7 Oe4s 1e0E¢9s 1,0E=25, =675.81 /

memmmeee BETA FLUX=TO=DJSE CONVERSION FACTORS ==memeecceceecceeceee——
—————— (REM/HR) PER (MEV/CM#$2-SEC)

Onoon

CATA (BFTCD(IN,1I=1,11)
A/ 1,3700E~03, 34,6200E~04, 1.6300E-04» 1,2200E~04y 9421C0E~05,»
8 T744300€E-05» £42100E=03, 4.8200E-05» 3.6200E~0%5, 2.8900E-05,
C 243COCE=-05 ¢

wewmeee GAMMA FLUX~TO=DOSE CONVERSION FACTORS
S (REM/HR) PER (MEV/CH*#+2-5EC)

iz alaNalsl

DATA (GFTOD(I)»T=1,r11)
A/ 245200E~06s 242200E=06» 1e9100E~06s 147300E~06s 1,6000E~06s
B 1.5100E-06s 1,4300E-06, 1,3200E-06y 1,2000E-06, 1,1300E-06»
€ 1.050Cc=06 /

END
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BLOCK DATA TRANS
INITIALIZE ENERGY TRANSFORT FACTORS

COMMON /FACTR/ BTRAN(19s11)s GTRAN(19,11)» BFTOD(11)s GFTODD(11)

OO0 o0o

( ==wmeeee BETA ENERGY SOURCE=TU-FLUX AT THREE FEET CONVERSIONS ===w==e=
(MEV/CH*# 2=SEC) PEP (MEV/SEC)

c - — - - —————

C

DATA (BTRAN( 1,1)01I=1s11)
A/ 0.0000E+00, 3,2085E=06,
B 528984E~06y 6497756~06¢»
C S+3055k-06 /

DATA (BTRAN( 2,1)51I=1,11)
A / CoOQOCOE+00y 6.4170E~0C»
8 6elB04E~06y 3.9396E~06»
C 1.1574E-05% /

DATA (BTRAN( 351)el=1,11)
A / OC.00CQOE+00, 0.0000E+D0s
8 le 644BE~CQ6y 242260E=00>»
C 1¢4893E~06 /

DATA (BTRANL 45 1)sI=1,11)
A/ 0,0000E+00, 0,0000E+0C»
3 5:81%97E=06s 646306E-CHy
C 1.0202E~05 /

DATA (BTRAN( 551)s1I=1,11)
A / CuoOCCOE+00s 1.7994E=00Cy»
-] 3¢5194E=06s 2.577BE~06»
C 5.8036E~-06 /

DATA (BTRAN( 651),1I=1,11)
A/ O.COCOE+00s 4.,6980E=06y
8 2¢4102E=06y 3,0608E~06>»
C 3¢7395€=06 /

DATA (BTRANC 751)51=1,11)
A/ 0.00COE+00s 0.0000E+0C,
B 5« 74428006y 3.8622E=06)
C $e8047E~-06 /

DATA (BTRAN( B8:1)y1=1y11)
A/ 0.,0000E+00s CoQQO00QE+00U»
B 1o 6448E=06y 242260E=06,
C 1¢44%93E=-06 /

DATA (BTRAN( 9, 1)sl=1,11)
A/ O.00CO0E+00s 5.,2798E="6»
8 CeT299E=06s 2416T4E=( 5y
C 3.6014E~0C6 /

DATA (BTRANC(LOs4)s1=1511)
A/ Cy00COE+00, C,00005+00,
B LeBILOLE=QT» 1.2425€=06,
C 1.53%54E-06 /

DATA (BTRAN(L1151)51=1,11)
A/ C.00COE+00s 0UL000NE+0C,
B8 6e5289E=07y 146545T7E~06y
C 2¢0472E-06 /

2e6TT79E~05
445964E~06,

5035585'06.
205325E=06»

2¢5222E=07»
204539E=06,

Te8339E=06»
9¢2760E=06»

142852E=06»
2e2849E~06,

57725€E=06,
TeBT754E=06y

40 2795E=06»
6e1694E~06,

245222E=0T»
204539E~06»

847258E=07»
6e2458E=06,

2¢6296E=07y
B40982E~0T»

3.5061E=07,
1e0T98E=06»

206732E=06,
9¢1046E=06,

5¢3463E~06,
L« 7078E=06,

5e3366E~07,
302345E=06»

504755E=06)
B8+.5386E-06,

4¢2333E~006)
5¢3921E=06,

6e4858E=06,
5¢5304E=06»

Tell75E~06,
6e4376E~06,

5¢3366E-0T7,
342345E=06)

1e6874F=06,
345203E=06»

2045¢67E=07,
142304E=06»

342756507,
1e6405E=06,

3¢7042E=06»
Te8851E~Céy

T«4083E=06,
4+9398E~06»

1le0437E=06»
248015E~06»

5¢2127E=06»
Teb69T74E~06»

1:4968E=06,
6«9775E~06»

844220E~06)
3.8318E~06»

Te5393E~06»
6e9432E=06»

140437E=06)
248015E~06,

2e8225E=06)
TeT172E=06s

946792E~07,
1,0265E~06»

142906E=06,
143687E~=06,



DAYa (BTRANIL1Z,1)p1I=1,11)
A /7 0,0000E+00, 0,0000E+0Q0y
8 ¢4 0420E~06, 7,0282E~-06,
C 9«3512€~06 /

DATA (BTRAN(13,1)s1I=1p11)
A 7 0.00008¢00s 6,8305E~06y
8 CeBTBLE~06r 4.1503E~06,
C Te 6294E-086 /

DATA (BTRANI14,1),1=1,11)
A / 0.0000E¢00, 544771E=06,
8 507.1’5‘06’ 6e¢6331E~06»
C 30 4242E~06 /

DATA (BTRAN(L1S,1)s1=1s11)
A / 040000E+00y 3,3240E=0¢y
-] 342709E~06s 3.5910E~-006»
C €+3820E~06 /

DATA (BTRAN(16,1)51I=1p11)
A / 0+0000E+00, beb64TBE=06,
8 9.95¢0E~06s 3.8%939E-0h)
C 4o 0B822E~-06 /

DATA (BTRAN(17,1),1I=1,11)
A 7 0.0000E+00y Ho647BE~06,
8 Ee 5S5TBE~06s 4.0583E~06,
9e 1412E-06 /

DATA (BTRAN(1851),1=1el1l)
A /7 0.0000E+C0s Co0000E+00,
8 4¢8966E~07» 142425E-06,
C 14 5354E-06 /

DATA (BYRAN(1951),I%1,11)
A / 0.00CO0E+00s 04,0000E+0Q0,
8 4o B966E~07» 142425E-06»
C 1.53%4E~06 /

e ¥Rt R el

DATA (GTRAN( 1,T)ple=lpll)
A/l B 4540F~6,
B EL2201F~6,
C 8.1875E-6 /

DATA (GTRAN( 251)sI=1,11)
A/ BeB5477E~b, B4 7779E~6»
B 0.3012E~6) 8,2989E~6y
C &8,2688E~-6 /

DATA (GTRAN( 351)sIn1s11)
A/ S5e1411E=6e Te20775~b»
B TebT76E=b6y Tob261c=by
C 7.208€E~6 /

DATA (GTRANIL &4,1)s1=1s1l)
A/ ReS5I9TE=b6y 84523006,
B Ba31lT77E=6y B8:1127c=by
C Be279CE~6 /

DATA (GTRAN( Ss1)sl=lsll)

8.2157F=6y

wememwe GAMMA ENERGY SOURCE-TO-FLUX AT
(MEV/CH#**2-SEC) PER

BeTEBSE~6y Eo2688E~0y
8.,2081E~6»

Ge3431E~by
0,2953E~6,

Te5974E~6»
7.5“0;E-6'

B.3605E~6»
!.303'5"6'

Te9439E~06,
8+0501E~06»

5.7383E=-06,
2¢6119E-06»

4.62025°06o
1.2550E-05,

247850E-06»
543590€E~06,

Le5143E~006,
141586E=05,

545699E-06,
2+5780E~06,

246296E-0T7,
8.0982E-07»

246296E-07,
8.0982E~07s
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842280E=6»
842004E~6y

B843064E=by
002927E°6!

TeT27TE=6»
Te4279E=6»

843259E=6»
8.2947E=6y

56275E=06»
B8.7862E=-06,

5¢7662E=06,
1¢7450E=06»

4 .6666E=06,
1.0891E~05,

2.7899E-06»
4¢5263E~06,

8.3056E-06,
11993E=05,

55797E=06»
147293F=06»

2.4567E-07,
142304E=06,

2.4567E~07,
1.2304E~06»

53601E~06»
8.1463E~06»

6.1737E=-06,
1.1435E-05,

5+0597E=06»
1.0310E~05,»

249704E=06,
8.9985E~06,

244775E=06,
246510E=06,

59407€E=06»
1.0658E~05,

9.6792E-07,
1.0265E~06»

9.6792E-07,
1.0265E~06,

THREE FEET CONVERSIONS ==e=c==
(MEV/SEC)

Be2243E~6)
8,1941E~6y

8+3036E~6»
8.2908E~6,

Te7337E~6»
7031"5'6'

843223E~6»
8.,2871E~6y



A/ 748736E=b6y 34G5897E=6» B8,2950E=6»
B B8e2431E=6s 842317E=6y B42099E=6y
C B8.1288E~6 /

DATA (GTRAN{ %551)s1I=lys11)

Al TeB91T7E~6) B,8212E=6s B8419165=6,
B 6e1925E=6s 141329%<6s B41143E=6,
C B840451E=6 /

DATA (GTRAN( 7,1)s1=1511)

Al B,0532E~6s 8,5996E~6y 8,0177E=6,
B Te96T76E~6s Te9609E~by 7e94B5E=by
C 7e9081E~-6 /

DATA (GTRAN(
A/ 5.1411E~6»
B Te6776E~6»
C T7.2088E=6 /

DATA (GTRAN( 9,1)51=1511)
A/ Bo426CE~6y B.5058E=6s B,2411E=6y
B By 1B8T77E=6) 3,1821F=hy B41l717E=6»
C Bel4ad3F=6 /

DATA (GTRAN(12,1)sI=ls11)
Al 3.4675E~6s 5.7263E=by 6,1812E=by
8 6e4251E=6y 643903E=6y He3Ll51E~6»
C 5493%4€-5 /

DATA (GTRAN(11sI)sI=1,'1)

Al 4.495T7E~6s 64T7C43E=hy T405370E=6»
B T7e¢2019E=6s 741537E=6r T40695E~=6,
C 647245E=8 /

DATA (GTRAN(1:51):1I=1s11)

A/ B.4440E~6y N,B202E~6r B42791E~6»
B B42289E=6s B,2238E=Hy B84,2150E=6,
C B+1898E-6 /

DATA (GTRAN(13,1)-1I=1,11)
A/ B,5814E~6y 3.61083E~6» B843842E=6»
B Be¢3421E=6) 943396E=6y B843355E=6,
C 6.3268E~6 /

DATA (GTRAMI(1451)p1m1,11)
Al BoS18Z2E=by 1475720 =09 B4336BE=6y
B Pe2547E=%y 942016E=6, BL2065E=6y
C Ee2719E=6 /

DATA (GTRAN(1S5,1)s1=1s11)
A/ Be43%5BE~6s J4T7G91E=6¢ B8,2T708E=6»
B Fe2218E=b6) B 2169E=6y B842085E=6,
C Eell4%E=b /

DATA (GTRAN(16,1)s1I=1,11)
A/ Bo44BOE~6) R,E118E=6s B,2223E=by
B BelTC3E~6y BL1E5TE~by Bo1578E=6y
C Be1391E~6 /

DATA (GTRAN(17+1)s1I=1,11)
A/ Be5432E-ty BeT7944E=65 B43452E~by
B 643028E~6sy 2,30N2E=6y Re2959E=6,
Pe2RTCE=6 /

DATA (GTRAN(1Bs1),I®1,11)
Al 3440675E=6y 5,T7203E=bs 6,17 12E~b,
B  6e4251c=6r 6439503E=6r 643151E=6s

8,1)-1Ie1,11)
Te207TE=6s T45974E=6»

Teb6261%=6s Te5403E=6y
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8+2545E=6,
8e18)4E=5,

Bel1530E=¢,
8.0905E=6,

Te9TEB8E=6,y
7.93‘0“6.

TeT7277E~6y
Te4279E=6»

8e1934E~0y
Be1615E=6,

6+3901E=6p
6:1957E~6»

Te2332E~6p
6e9%545E=6,

82371E=6»
842057E~6»

843478E~0y
843322E~6»

8¢3019E=¢&
842812E=6»

842300E~6,
8.1997E=¢C»

BelT69E=8,
Be1506E=6»

843081E=6p
Be2926E=6,

643901E~6y
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Te2524E~6y
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8.3296E~6»

8.2980E=6,
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B842262E=6)
8,1923E~6»

Bel743E~6)
B8e1450E~6)

843053E~6y
B842899E~6,

644560E~6,
6:0671E~6»



C 59354E-6 /
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B 6.42%1E~6» 6,35030=6y A 3151E-6H, 6541957E~6)
C  5.9354E=-06 /
END

6.4560E=6y
6.0671E~6)
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Program flow for FUELDR is illustrated sche-
matically in Figure B-1. User supplied input data
is processed by subroutine RDINP. Subroutine
MATCH checks the input facility name and element
type and flags the appropriate set of effective
transport factors. Some initial input checking is
done in RDINP and in MATCH. More extensive
input checking is done in CKINP and units conver-
sions are performed. If errors are detected, control
is passed to subroutine ERRS for issuance of a
diagnostic message and the problem is terminated.
Subroutine TLOAD is used to initialize decay times
if one of the default sets has been requested.

Subroutine EDINP produces an edit of the power
history model constructed from user input. The step
length, power level, fission rate, and step exposure
are listed for each power step. Cirmulative expo-
sures and irradiation times are also listed. EDINP
also produces an edit of the user input or default
decay times. All decay times are referenced to the
end of the last power step.

Subroutine DRCAL manages the dose rate cal-
culation by reconciling the different effective decay
times for each power step and performing successive
calls to UFYLD for each power step-decay time
combination. Subroutine UFYLD determines beta
and gamma energy vields resulting from a unit fis-
sion rate over the specified power step length. The
multigroup energy vields are then normalized by the
total fission rate in the power step.

Subroutine EDOUT edits the calculated dose
rates at the 3 ft (91.44 ¢m) dose point. The total
gamma, total beta, and the sum of total beta and
total gamma dose rates are listed for each decay
time. Depending on the edit option selected, an
energy release rate edit may also be produced.
Multigroup edits of the beta and gamma dose rates
and energy release rates may also be requested.

The fission product impulse source function coef-
ficients are initialized in BLOCK DATA COEFS.
Effective gamma and beta energy transport factors
for each of the element types are initialized in
BL.OCK DATA TRANS. Facility names and ele-
ment types are initialized in BLOCK DATA
NAMES. Beta and gamma flux-to-dose conversion
factors and miscellaneous control variables are in-
itialized in BLOCK DATA NUMBS.

B-3

FUELDR input consists of a title card, a control
card, one or more power step cards, and one or
more optional decay time cards. Table B-1 contains
detailed variable and input format descriptions.
Change cases require only a titie card and control
card if the previously specified power history and
decay time data are to be used.

Any power history may be represented by a series
of constant power steps. The only restrictions are
that the total number of steps not exceed 100 and
that the total decay time from the end of any power
step not exceed 109 5. The minimum decay time
should not be less than 0.4 s.

At short decay times, dose rates are sensitive to
both the total exposure on the element and to the
details of the irradiation history that generated that
total exposure. With increasing decay time, the dose
rate remains sensitive to the total exposure but the
manner in which that exposure was accumulated be-
comes less significant.

In many cases, modeling only the last few times
at power is adequate to verify the element is self-
protecting for some specified period. Very simple
constant power irradiation history models may be
used for exposures accumulated in the distant past.

The entire exposure for some past time interval
may be modeled as a burst either at the beginning
or at the end of that time interval. The calculated
dose rates from these two cases will envelope the
actual dose rate. In general, these simple power
history models may be used with little error if the
decay time is long compared to the length of the
irradiation interval.

Table B-3 contains input listings for several sam-
ple problems. Sample problem A models a Rhode
Island Nuclear Science Center element irradiation.
One of the default decay time sets is used and full
output editing is requested. The irradiation is mod-
eled as a single eight hour irradiation step at
65 kilowatts. The default energy per fission value
(200 MeV /fission) is used.

Sample problem Bl models a one hour irradia-
tion at one kilowatt for the University of Virgiuia
Reactor 12-plate element. A default decay time set
is used and only the dose rate summary edits are




Figure B-1. FUELDR program flow




Table B-1. FUELDR input description

CARD A: TITLE CARD - FORMAT(80A1)

Columns Variable Description

1-80 CTITL Case title of up to 60 characters. May be blank.

CARD B: CONTROL CARD - FORMAT(AB,A8,314)

Columns Variable Description

1-8 CNAMI Left justified facility identifier from Table B-2
9-16 CNAM2 Left justified element identifier from [able B-2
17 - 20 MPTIM Number of power steps (1 to 100 allowed).

= 0 to use power history from previous case.
21 -24 MDTIM Number of decay times (1 to 100 allowed).

= 0 to use decay times from previous case.

< 0 to select a default decay time set.

- 1 for 32 times (1, 2, 3, 5, ... 5x 107 5)

- 2 for 32 times (4 per decade beginning at | s)

- 3 for 24 times (0.1 to 600 minutes)

- 4 for 24 times (0.1 to 240 hours)

- 5 for 32 tumes (0.1 to 1825 days)

- 6 for 24 times (0.1 to 10 years)

- 7 for 48 times (mixed units)
25 - 28 MEDIT Output edit control flag

= 0 for dose rate summary edits

= | to also edit energy release rates

= 2 to also edit multigroup dose rates and
multigroup energy release rates




Table B-1. (continued)

CARDS C: POWER STEP CARDS - FORMAT (14,E12.5,1X,A3,E12.5,1X,A3, E12.5)
(MPTIM cards; no cards if MPTIM = 0)

Columns Variable Description

1-4 NS Number of power step described on this card; |
to MPTIM.

Must be in ascending order; MPTIM is the most
recent power step.

5-16 TPINP(NS) Length of power step NS.

13-20 CTIMP(NS) Units of power step length; may be “SEC",
uMlN"' “HRS", “DAY”, HVRSH, or “ n’
The default units are seconds if no entry is made.

21-32 PWRIN(NS) Power level of step NS.

34-36 CUPWR(NS) Units of power level; may be *“ W, “W ",
IGW ‘)' “ Kw’l' “Kw ’I. “ Mw"' or thw !l.
The default units are kilowatts if no entry is
made.

37 - 48 FISEN(NS) Energy per fission during this power step. If no
entry is made, 200 MeV per fission is assumed.

CARDS D: DECAY TIMES - FORMAT(S(E12.5,1X,A3))
(MDTIM entries; none if MDTIM < 0)

Columns _ Variable _ __Desription
1-12 TDINP(i) Decay time for first decay step on this card.
14-16 CTIMD(i) Units of decay time. Allowable values are the
same as for the power step length.

17 - 28 TDINP() Decay time for second decay step on this card.
30-32 CTIMD(j) Units for this decay step length.

65 -76 TDINP(m) Decay time for fifth decay step on this card.
78 - 80 CTIMD(m) Units for this decay step length.
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Table B-2. Keyword identifiers for res 2arch reactor fuel types

Facility

FNR

FNR

GATRIGAF

GTRR

MITR-II

MURR

NBSR

OSTR

RINSC

TAM-NSCR

TAM-NSCR

UCNR

UCNR

UVAR

UVAR

UVAR

UVAR

UWNR

WSUR

Element

STANDARD

CONTROL

ROD

STANDARD

STANDARD

STANDARD

STANDARD

ROD

STANDARD

STANDARD

CONTROL

STANDARD

CONTROL

12-PLATE

18-PLATE

PARTIAL

CONTROL

STANDARD

STANDARD

Description

University of Michigan Ford Nuclear Reactor
University of Michigan Ford Nuclear Reactor
General Atomic TRIGA Mark F Reactor

Georgia Institute of Technology Research Reactor

Massachusetts Institute of Technology Research
Reactor

University of Missouri Research Reactor

National Bureau of Standards Reactor

Oregon State University TRIGA Reactor

Rhode Island Nuclear Science Center Reactor

Texas A&M University Nuclear Science Center Reactor
Texas A&M University Nuclear Science Center Reactor
Union Carbide Nuclear Reactor

Union Carbide Nuclear Reactor

University of Virginia Reactor

University of Virginia Reactor

University of Virginia Reactor

University of Virginia Reactor

University of Wisconsin Nuclear Reactor

Washington State University Reactor

requested. Cases B2, B3, and B4 model the same
irradiation for three other element types in use at
that facility using the change case feature.

Sample problem C illustrates a one megawatt-
second pulse modeled as a one second step at on
megawatt. The energy per fission is specified and

three decay times are specified.

Sample problem D illustrates modeling for a power
history consisting of multiple irradiation steps. The
element is assumed to operate for eight hours per day
at 1.25 megawatts. Six cycles are modeled and several
methods of specifying the power level are shown.

Output from execution of the sample problems
shown in Table B-3 is included in the microfiche
envelope attached to the back cover.



Table B-3. FUELDR sample problems

I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

SAMPLE PROBLEM A - EIGHT HOUR CONSTANT POWER IRRADIATION
RINSC STANDARD 1 -1 3
1 8.00 HRS 65.0 KW
SAMPLE PROBLEM B1 - UVAR 12-PLATE ELEMENT AT ONE KW-HOUR
UVAR 12-PLATE 1 -1 0
1 1.00 HRS 1.00 KW
SAMPLE PROBLEM B2 - UVAR 18-PLATE ELEMENT AT ONE KW-HOUR
UVAR 18-PLATE 0 0 0
SAMPLE PROBLEM B3 - UVAR PARTIAL ELEMENT AT ONE KW-HOUR
UVAR PARTIAL 0 0 O
SAMPLE PROBLEM B4 - UVAR CONTROL ELEMENT AT ONE KW-HOUR
UVAR CONTROL 0 0 O
SAMPLE PROBLEM C - ONE MEGAWATT-SECOND PULSE
OSTR ROD 1 3 0
1 1.00 SEC 1.00 MW 180.
1.00 HRS 1.00 DAY 1.00 YRS
SAMPLE PROBLEM D - MULTIPLE EIGHT-HOUR IRRADIATIONS
MURR STANDARD 11 -7 0O
HRS 1.25 MW
HRS 0.00
HRS 1.25 MW
HRS
HRS 1.25E+406 W
HRS
HRS 1.25E406 W
HRS
HRS 1.25E+06 W
HRS
HRS 1.25E+03

-
- - -

-

-

—

1 8.0
2 6.0
3 8.0
4 6.0
5 0.0
6 16.0
7 8.0
8 6.0
9 8.0
0 6.0
1 8.0

e —
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