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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
samma 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
(91.44 cm) from the fuel element. Transport factors are included for sixteen unique
235U fuel types in use at thirten nonpower reactor facilities.
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I- SUMMARY-

The determination of biological dose rate from Probable sources of error in the dose rate calcula.;

P irradiated research reactor fuel may be required for tion are discussed. Specifically treated are errors in
a variety of radiological safety and regulatory pur- the power history, errors in the fission product im-

c poses. This report describes a method for calculat- pulse source functions, and errors in the calculated
in gamma and beta dose rates from irradiated transport factors.

*
The gamma component of the dose rate can be

Dose rates are calculated in three steps: calculated with high confidence. The dose contribu- ,

tion from electrons is shown to be sensitive to a >

i* - * : Determination of the fuel element gamma variety of modeling assumptions, e.g., uranium to
and beta source strengths aluminum ratio in the fuel matrix. The greatest -

uncertainty is in the low energy electron groups.
- * Determination of the resulting energy flux Contributions from the low energy groups tend to

at the dose point dominate the calculated total dose rate for practical
irradiations and decay times.'

,

.. Conversion of the dose point energy flux*
^ to dose rate. The calculation method is implemented in a com-

puter program called FUELDR. FUELDR contains
Time-dependent gamma and beta source all required fission product impulse source func-

strengths are calculated using fission product im- tions, transport factors, and flux-to-dose conver -
pulse source functions. The impulse source func- sion factors. Minimal user input is required. The

. tions are folded into an arbitrary (user-supplied) facility and element type must be identified (by
irradiation history to generate multigroup photon keywords) and the element power history must be
and electron source strengths at decay times from supplied in simple histogram form. Dose rates at

9I s to 10 s|(approximately 30 years). The multi- the 3 ft (91.44 cm) dose point are calculated at user- -
group structure contains 11 gamma and 11 beta specified (or default) decay times. A program listing
groups with group energies ranging from 100 kev and a detailed user's manual are provided in the ap-
to 7.5 McV, pendices of this report.

Energy fluxes at a fixed dose point (3 ft, or it is recognized that the current Code of Federal - :

91.44 cm, from the element) are obtained from the Regulations (10 CFR 73) self-protection exemption
calculated source strengths by using precalculated is based on total dose rate and that some nonpower
photon and electron transport factors. The precal- reactor facilities may derive credit from some or all
culated transport factors account for spatial distri- of the beta contribution. It is also recognized the
bution of the source, for attenuation or energy loss electron dose is of debatable value for fuel self- *

in the source and in any intervening materials, and protection. The electron contribution may be trivi-
for the source-dose point geometry. Photon trans- ally included or excluded from the assessment since
port factors were calculated using a three<limensional total, gamma, and beta dose rates are edited by
point kernel shielding code. Electron transport fac- FUELDR.

- tors were calculated using a continuous slowing down
approximation with corrections far radiative losses. The FUELDR program provides a quick and in.

.,

Precalculated factors (11 gamma and 11 beta) are in. expensive method of determining biological dose -

cluded for sixteen nonpower reactor fuel types. rates from irradiated 235U fuels. The calculation
method should be validated by comparison with +

Calculated dose point energy fluxes are converted dose rate measurements. Relatively straightforward !'

to dose rate by using energy dependent flux-to-dose measurements of total samma and total beta dose
conversion factors.' Photon flux to-dose conver- rates from one or more fuel types would provide
sions were obtained using the methods recom- confidence in the overall methodology and imple-

!- - mended in ANSI /ANS-6.l; electron flux to-dose mentation. More detailed spectral measurements
conversions were obtained using the recommenda- would probably be required to resolve differences i

tions in International Commission on Radiological in the predicted and measured dose rates, especially

Protection (ICRP) Publication 21. . for the low energy beta contributions.

ill .
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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- converted to equivalent dose rates in air. This
radiated research reactor fuel may be required for conversion is not straightforward due to the beta
radiological safety and/or regulatory purposes. In contribution. Although the beta contribution fre-
particular, the Code of Federal Regulations quently dominates the total dose rate in air, the.

(10 CFR 73.6) establishes requirements for the phys- range of the most energetic fission product beta is
ical protection of special nuclear material of moderate only a few centimeters in water. The total dose rate
and low strategic significance. The level of physical in air can only be inferred from the measured gam-

,

protection at nonpower reactor facilities may be ma contribution.
reduced if the special nuclear material has a total ex-
ternal radiation dose rate in excess of 100 rems per A third method is to calculate the dose rate based
hour at a distance of 3 ft (91.44 cm) from any ac- on the power history of the element. A variety of
cessible surface without intervening shielding. source and transport approximations have been em-

ployed by the research reactor community. Although
The most direct method of determining dose rate some methods have provided good agreement with

is by measurement in air. Although direct, this measured data, they are restricted to particular fuel

method can pose practical difficulties. These diffi- types.
culties include very high dose rates from some fuels,
possible conflict with the As-Low-As-Reasonably- This report describes a consistent calculation
Achievable (ALARA) rule, and increased potential method for determining gamma and beta dose rates

for fuel damage. Performing the dose rate measure- from any type of fuct element. The required numer-

ment in water provides some relief but introduces ical factors are provided for the fuel element types

another difficulty: the measured values must be listed in Table 1.

DOSE RATE CALCULATION

The dose rate calculation is accomplished in three Energy fluxes at a fixed dose point (3 ft, or
steps: 91.44 cm, from the element) are obtained by multi-

plying the energy source in each group by a prede-
Determination of the fuel element gamma termined transport factor for that energy group.*

and beta source strengths resulting from a The transport factors (11 gamma and 11 beta) are

specified power history precalculated for each fuel element type. The gam-
ma transport factors were obtained using a three-

Determination of the resulting energy flux dimensional point-kernel shielding code. Beta*

at the dose point transport factors were calculated using a charged
particle energy loss model for the fuel element and

Conversion of dose point energy flux to*
"

dose rate.

D se rates are btained by multiplying the energy'

General Methodology fluxes at the dose pomt by an appropnate energy
N" S''"" ' "** " I"* "

Time-dependent gamma and beta source spectra
,,

are calculated using the fission product analytic im- Source Strength Calculat, ionpulse source functions of Lallauve et al. Gamma
and beta energy source functions for a fission pulse

The Los Alamos National Laboratory (LANL
developed fission product impulse source functions |are expressed as a summation of exponentials. The

source functions are folded into an input power
history to generate multigroup gamma and beta provide a relatively simple and inexpensive means
energy sources. The multigroup structure contains of calculating fission product decay spectra follow-

11 gamma and 11 beta groups. ing an arbitrary irradiation history.

1
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Table 1. Keyword identifiers for research reactor fuel types

Facility Element Description

FNR- STANDARD - University of Michigan Ford Nuclear Reactor

FNR CONTROL University of Michigan Ford Nuclear Reactor

GATRIGAF ROD General Atomic TRIGA Mark F Reactor .

GTRR STANDARD Georgia Institute of Technology Research Reactor

MITR-II STANDARD Massachusetts Institute of Technology Research Reactor
'

MURR STANDARD University of Missouri Research Reactor

NBSR STANDARD National Bureau of Standards Reactor

OSTR ROD Oregon State University TRIGA ' Reactor

RINSC STANDARD Rhode Island Nucicar Science Center Reactor

TAM-NSCR STANDARD Texas A&M University Nuclear Science Center Reactor

TAM-NSCR CONTROL Texas A&M University Nuclear Science Center Reactor

UCNR STANDARD Union Carbide Nuclear Reactor

UCNR CONTROL Union Carbide Nuclear Reactor

'UVAR 12-PLATE University of Virginia Reactor

UVAR 18-PLATE University of Virginia Reactor

UVAR PARTIAL University of Virginia Reactor

UVAR CONTROL University of Virginia Reactor

UWNR STANDARD University of Wisconsin Nuclear Reactor

WSUR STANDARD Washington State University Reactor

The impulse function is expressed as a sum of be obtained by integration. Following the develop- .

exponentials ment of Reference 2, the function F(t.T)is defined
as the energy release per fission at t seconds after

N the end of a fission interval with length T seconds .

-A t and a constant unit fission rate. The energy release

f(t) = [a e rate is then F(t.T) times the fission rate during theg

g,g interval. The function F(t,T)is given by

'A

Rt,T) = { "i ' l' 1 - e
iand represents the energy release rate at t seconds

e
( j.after a unit fission pulse. The time-dependent en-

ergy release rate for a particular fission interval may i=1

2
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The coefficients og and A are typically obtained Energy Transport Calculationi
by fitting to results of experiments and/or summa-
tion calculations. Fits have been obtained for total

3
Dose point energy fluxes are obtained from the

. decay heat and for a number of multigroup gam-calculated photon and electron source strengths by
ma and beta energy group structures. using transport factors. The predetermined trans-

port factors account for spatial distribution of the
The235U fission product impulse functions devel- source, for attenuation or energy loss in the source

oped in Reference 2 are used in the source calcula- and any intervening materials, and for the source-
tion. Details of the energy group structure are shown dose point geometry. A set of factors (11 beta and

*

in Table 2. The a;, Aj coefficient pairs are included 11 gamma) is included for each unique fuel type
in the Appendix A listing of the FUELDR code. considered. ,

.

Table 2. Source function energy group structure

Valid Decay
Energy Range Midpoint Number of Time Range

Gamma Group (MeV) (MeV) a; - A; Pairs (s)

1 0.10--0.40 0.250 19 0.1-109
2 0.40--0.90 0.650 19 0.4-109
3 0.90--l.35 1.125 19 0.1--109

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 0.1-109
8 3.00--4.00 3.500 16 0.1-109
9 4.00--5.00 4.500 16 0.1-109

10 5.00-6.00 5.500 12 0.1-107
11 6.00--7.50 6.750 10 0.1-107

Beta Group

1 0.10--0.40 0.250 16 0.1-109
2 0.40-0.90 0.650 17 0.1--109

93 0.90-1.35 1.125 17 0.1-10 -

4 1.35 -l.80 1.575 17 0.1-109
5 1.80-2.20 2.000 16 0.1- 109
6 2.20--2.60 2.400 16 0.1-109

.

7 2.60--3.00 2.800 15 0.1-109
8 3.00--4.00 3.500 15 0.1-109

= 9 4.00-5.00 4.500 14 0.1--109

10 5.00--6.00 5.500 13 0.1-109
II 6.00--7.50 6.750 11 0.1--I 07

3
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Photon Transport Factors. Photon transport fac- from the near edge of the homogenized source. The
tors were calculated using the three-dimensional dose point direction is normal to the fuel plates.
point.kcrnel shielding code QAD.4 In the QAD
series of codes 5 the source volume is represented The suitability of the homogenization technique
by an arbitrarily large number of point sources. was verified with QAD calculations using a more
Geometric attenuation and material attenuation are detailed geometric model. A model of the 18-plate
determined by the distance between the source point Rhode Island Nuclear Science Center (RINSC)
and the dose point, and by the material properties Reactor element 8 was constructed with each fuel
of the source and any additional shielding present, plate explicitly modeled. This model was also used

,

Very detailed geometries can be accommodated. to assess the impact of ignoring the aluminum in
QAD solves for the uncollided photon (energy) flux the UAl matrix.x
assuming the appropriate geometric attenuation and
assuming exponential material attenuation. The flux Results for the seven aluminum plate standard -

contribution f rom scattering events is accounted for fuel elements are listed in Table 3. The tabulated
by infinite media dose buildup factors.6 values represent the dose point energy flux (with

buildup) from a unit source of I hieV/s in that
Solutions were obtained for a unit source energy group. The aluminum dose buildup factors

(I hieV/s)in each of the eleven photon groups for are quite small (typically 1.1) since the elements are
cach of the sixteen fuel types considered. optically thin at the energies of interest. The trans-

port factors for a given energy group differ by only
Plere Type fuels. Thirteen plate type fuel elements a few percent among the seven elements in this cat--

from ten facilities were considered. The following egory. Distinction of these types is retained for com-
physical descriptions are divided into three patibility with the beta transport treatment,
categories: standard, control, and special elements.

contm/Eeements-Control element construction
Stenderd E/ements-A standard element is rec- is similar to that used for the standard elements.

tangular in cross section and contains 9 to 18 flat Control elements are rectangular in cross section but
or curved fuel plates. The element is assembled contain fewer (typically 9) fuel plates than the stan-
using aluminum side plates and aluminum end dard elements contain. A central control rod guide
boxes. The fuel plates consist of a fuel core (UAl slot is formed by two aluminum plates and dividesx
powder dispersed in aluminum alloy powder) with the bundle into a 4-plate region and a 5-plate region.
aluminum alloy cladding. The element may also Geometric models were constructed using data from
contain dummy (unfueled) plates of solid Reference 7.
aluminum.

The two source regions were homogenized sepa-
Geometric models for the seven elements in this rately to allow explicit modeling of the aluminum

cater >ry were constructed using data from plates forming the control rod guide slot. The dose
Reference 7. The fuel (and any dummy) plates were point was positioned at 3 ft (91.44 cm) from the
homogenized into a single source region with width near edge of the 5-plate source region.
and axial length defined by the active fuel width and
active fuellength. The remaining source dimension Results of the three aluminum plate control ele-
was taken as the overall element depth. The total ments are listed in Table 4.
uranium mass, based on the stated 235U content
and enrichment, was uniformly distributed in the Specle/Esements-Plate type elements from three

~

homogenized source region. The total aluminum other facilities were evaluated. They included the
mass was based on the cladding (or dummy plate) hfassachusetts Institute of Technology, the Univer-
thickness and the active fuel width and length. The sity of hiissouri, and the National Itureau of Stan-
aluminum occurring in the UAi fuel matrix was dards Reactors. -

x
not included. The unit source was assumed distrib-
uted among 1000 source volumes. A chopped cosine The hlassachusetts Institute of Technology
distribution was used to represent the axial source Research Reactor elements are rhombic in cross sec-
variation and llat distributions were assumed across tion and contain 15 flat fueled plates. This element
the element width and depth. The dose point was was homogenized like the standard plate element
positioned on the axial mid-plane at 3 ft (91.44 cm) except for the shape of the source region. The

.

4
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Table 3. Photon transport factors for aluminum plate standard fuel elements

Dose Point Energy Flux for Unit Energy Sourcea
in Indicated Group

2(MeV/cm .s)

Energy Group FNR GTRR RINSC UCNR UVAR 12-Plate UVAR 18-Plate UVAR Partial

1 8.4540 x 104 8.5397 x 10-6 8.4266 x 104 8.4440 x 104 ' 8.5182 x 10-6 8.4358 x 10-6 8.4480 x 10-6

2 8.7885 x 104 8.9230 x 104 8.9058 x 104 8.8282 x 104 8.7572 x 104 8.7991 x 10-6 - 8.8118 x 104

3 8.2688 x 10-6 8.3685 x 10-6 8.2411 x 104 8.2791 x 104 8.3368 x 10-6 8.2708 x 10-6 8.2223 x 10-6

4 8.2280 x 104 8.3259 x 10-6 g,g934 x 10-6 8.2371 x 10-6 8.3019 x 10-6 8.2300 x 10-6 8.1769 x 10-6

5 8.2243 x 104 8.3223 x 10-6 8.1920 x 104 ' 8.2335 x 104 8.2980 x 104 8.2262 x 10-6 8.1743 x 10-6
w

6 8.2201 x 104 8.3177 x 104 8.1877 x 10-6 8.2289 x 104 8.2947 x 104 8.2218 x 104 8.1703 x 104

7 8.2157 x 10-6 8.3127 x 104 8.1821 x Id 8.2238 x 104 8.2916 x 10-6 8.2169 x id 8.1657 x 10-6

8 8.2081 x 104 8.3038 x 10-6 8.1717 x id 8.2150 x 104 8.2865 x 104 8.2085 x 104 8.1578 x 10-6

9 8.2004 x 104 8.2947 x 10-6 8.1615 x 104 8.2057 x 104 8.2812 x 10-6 8.1997 x 10-6 8.1506 x 10-6

10 8.1941 x 10-6 8.2871 x 10-6 8.1531 x 104 8.1980 x 10-6 8.2768 x 104 8.1923 x 10-6 8.1450 x 10-6

11 8.1875 x 104 8.2790 x 10-6 8.1443 x 104 8.1898 x 104 8.2719 x 10-6 8.1845 x 104 8.1391 x 10-6

a. MeV/s at energy midpoint of group.

|
1
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- Table 4. Photon transport factors for aluminum plate control elements
L

aDose Point Energy Flux for Unit Energy Source
in Indicated Group

2(MeV/cm .3)

: Energy Group - FNR UCNR UVAR

1 8.5477 x 10-6 8.5814 x 10-6 8.5432 x 10-6
*-

=2 8.7779 x 104 8.8183 x 10-6- 8.7944 x 10-6
.

3 8.3431 x 10-6 8.3842 x 10-6 8.3452 x 10-6

4 8.3064 x 10-6 8.3478 x 10-6 8.3081 x 104

5 - 8.3036 x'10-6 8.3447 x 10-6 8.3053 x 104

6 8.3012 x 10-6 8.3421 x 104 8.3028 x 104

7 8.2989 x 10-6 8.33% x 10-6 8.3002 x 104-

8 8.2953 x 104 8.3355 x 10-6 8.2959 x 10-6

9 8.2927 x 10-6 8.3322 x 10-6 8.2926 x 10-6

-10 8.2908 x 10-6 8.32% x 104 8.2899 x 104

11~ 8.2888 x 10-6 8.3268 x 10-6 8.2870 x 104

a.- McWs at energy midpoint of group.

homogenized source volume was defined as a par- respectively. The sector cential angle was defined
allelepiped enclosing the active fuel volume. The so as to include the active fuel but not the element

' dose point was positioned on the axial mid-plane side plates. The dose point was located on the ax-
at 3 ft (91.44 cm) from the outermost fuel plate. ial mid-plane at 3 ft (91.44 cm) from the outer fuel
The dose point direction was chosen parallel to the plate.
element side plates rather than normal to the fuel

~ lates to avoid shielding of the dose point by the National Bureau of Standards Keactor elementsp
side plates. consist of curved parallel plates held in aluminum

1
.,

side plates. Each element consists of two identical
*

[ The University of Missouri Research Reactor ele . . fueled sections stacked vertically. The fueled regions ,

ments are pie-shaped and contain 24 curved fuel are separated by a short nonfueled section. Each
plates of varying radii held in aluminum side plates. fueled section contains 17 fueled plates and two
Each element is one-eighth of the full core annulus dummy exterior plates. These elements were ho- -

. (45' central angle). mogenized like the standard plate elements except
the source was divided at mid-plane by the non.

The homogenized source volume for this element fueled region. The mid-plane dose point position
was defined as a portion (sector) of a right circular was retained,
annulus with length equal to the active fuel length.
The inner and outer radii were defined by the clad. The calculated transport factors for the three alu-
ding boundary on the inner and outer fuel plates, minum plate special elements are listed in Table 5.

6
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Table 5. Photon transport factors for aluminum plate special elements

aDose Point Energy Flux for Unit Energy Source
in Indicated Group

2(MeV/cm .3)

Energy Group MITR-II MURR NBS
-.

I 7.8736 x 10-6 7.8917 x 10-6 8.0532 x 104

| 2 8.9897 x 10-6 8.8212 x 10-6 8.5996 x 10-6.

3- 8.2950 x 10-6 8.1916 x 10-6 8.0177 x 10-6

4 8.2545 'x 10-6 8.1530 x 10-6 7.9768 x 10-6

5 8.2516 x 10-6 8.1499 x 10-6 7.9733 x 10-6
.

6 8.2431 x 10-6 8.I425 x 10-6 7.%76 x 104

7 8.2317 x 10-6 8.1329 x 10-6 7,9609 x 10-6

8 8.2099 x 10-6 8.1143 x 10-6 7.9485 x 10-6

9 8.I814 x 10-6 8.0905 x 10-6 7.9340 x 10-6

10 8.1562 x 10-6 8.0694 x 10-6 7.9215 x 10-6

11 8.1288 x 10-6 8.0461 x 106 7,90gg x jo-6

a. MeV/s at energy midpoint of group.

Ts/aA ruots. TRIGA fuels 9 have been manufac- s/nede node-The single pin configuration is ap-
tured in a variety of configurations. All config- plicable for two facilities: the General Atomic
urations use a uranium zirconium-hydride (UZrti ) Mark F TRIGA Reactor and the Oregon Statex

! . alloy as the fuel material. Various 235U University TRIGA Reactor. Table 61ists the mate-
enrichments, hydrogen-to-zirconium ratios, rod rial compositions and pin dimensions used for the
diameters, burnable poison and cladding composi- QAD photon transport model. A flat radial,
tions have been employed. Only the high enrich. chopped cosine axial source distribution was as-

235 ) fuels with stainless steel cladding sumed. The dose poir.t was located 3 ft (91.44 cm)0ment (70%
are relevant for this evaluation. from the rod outer surface on the axial mid-plane.*

The TRIGA fuels from five facilities were con- The validity of the QAD uncollided flux solution

.' sidered in three categories for modeling purposes. was verified using RAFFLE V,Il a general purpose
The categories are single rod, four-rod fuel assem. Monte Carlo transport code. The RAFFLE-
blies, and three fueled-rod control assemblies. The calculated total photon fluxes (uncollided plus scat.
material composition for the fuel was developed tered) also provided a sound basis for the selection
from Reference 10. Geometric models were con- of iron dose buildup factors for the QAD
structed using data from Reference 7. calculations.

.
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Table 8. TRIGA single rod material for control elements. A three-rod cluster is a four-
compositions and fuel rod rod assembly with one rod position vacant. The
dimensions 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.

Single Rod Material Compositions

Beta Transport Factors. The basic interaction
UZrH Fuel Type 304 Stainless Steel processes and resulting particle transport are fun-x

damentally different for electrons and for photons.
Densit

Densit7 . The primary photon interaction processes are pho- *

Element (g/cm Element (g/cm
toelectric absorption, Compton scattering, and pair

U 0.5099 Fe 5.4276 production. Exponential attenuation methods are
appropriate since all processes effectively eliminate -

Zr 5.3937 Cr 1.5200 the photon from consideration in a single event.

H 0.0954 Ni 0.8000 In contrast, electrons experience multiple interac-
tion processes that cannot be adequately treated by

Mn 0.1600 simple exponential attenuation models. For the
. energy range of interest, electron energy losses are

Si 0.0800 due almost entirely to excitation and ionization of

Fuel Rod Dimensions electrons in the stopping material and to
bremsstrahlung.

Large Rod Small Rod
(cm) (cm) The energy loss due to excitation and ionization

may be expressedl2 as
Fuel radius 1.8161 1.7399

( \ 2
Active length 38.10 38.10 ,, dE. = 2n N r | $ | "#dX A 2aogjp
Clad thickness 0.0508 0.0508

~

I F
x B -(2)ln (Z)- (2)ln 1

I/10
|The QAD calculated transport factors for the o e

TRIGA elements are listed in Table 7.
-

c( Z j"
where N is Avogadro's number, r is the classicala o

2
'

rownodAssemasse-The four rod cluster model electron radius in cm, mc is the electron rest energy
is applicable for three facilities: the Texas A&M in MeV, # = v/c, Z and A are the atomie number
University Reactor, the University of Wisconsin Reac- and weight, respectively, of the stopping material,

. tor, and the Washington State University Reactor. and I is the mean ionization energy of the stopping
The element contains four identical rods in a square materialin electron volts. With the indicated units,
array with a rod pitch of 1.53 in. (3.8862 cm). The ' the energy loss units are McV-cm /8. Reference 122

fuel rods are slightly smaller (1.7399 cm active radius) contains experimentally determined values of the
but are otherwise identical to the fuel rod model used mean ionization energy.
in the single rod configuration.

The bracketed term is frequently defined as the
All four rods were modeled for the QAD trans-

.

stopping number; the energy dependent component
port calculations. A flat radial, chopped cosine axial represented by B is given byosource distribution was assumed with one-fourth of
the total source in each rod. The dose point was

Bo = 21.683 + In [t (t + 2)]2 *

epositioned on the axial nhd-plane at a distance of
3 ft (91.44 cm). The dose point lies on an extension . 2' + I .of a line joining tia centers of two diagonal rods. g + in(2),

Table 7 includes the QAD calculated transport fac-
, 4, + g)2 e

,

tors for the four-rod assemblics.
2 -

1 I- r
concetAnemesse-The three fueIed-rod cluster +

1)2 + i 1)2is applicable to the Texas A&M University Reac- (t + (t +, ,

,

8
'

,
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Table 7.' Photon transport factors for TRIGA fuel elements

-i

Dose Point Energy Flux for Unit Energy Sourcea
'

in Indicated Group
2(MeV/cm -s)

Energy Group Single Rod 4-Rod Cluster 3-Rod Cluster
4

1 5.1411 x 10-6 3.4675 x 10-6 4.4957 x 104

2 7.2077 x 10-6 5.7263 x 10-6 6.7043 x 10-6.

3 7.5974 x 10-6 6.1812 x 10 - 7.0870 x 10-64

4 7.7277 x 10-6 6.3901 x 104 7.2332 x 10-6

5 7.7337 x 10-6 6.4560 x 10-6 7.2524 x 10-6

6- 7.6776 x 10-6 6.4251 x 10-6 7.2019 x 10-6

7 7.6261 x 10-6 6.3903 x 10-6 7.1537 x 10-6

8 7.5403 x 10-6 6.3151 x 10-6 7.0695 x 10-6

9 7.4279 x 10-6 6.1957 x 104 6.9545 x 10-6'

10 7.3181 x 104 6.0671 x 10-6 6.8397 x 10-6

11 7.2088 x 10-6 5.9354 x 10-6 6.7245 x 10-6

- a. McV/s at energy midpoint of group.
.

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

-1 - # {
-1/2

-1 .T =

- - The above energy loss formulations include sev.
The rate of energy loss due to bremsstrahlung is eral inherent limitations. In particular, the radiative

proportional to the square of the atomic number. energy losses are subject to large statistical fluctu-
The ratio of radiative loss to collisional loss at a ationst2 which cannot be treated with an average
particular energy is approximately givenl3 by _ radiative energy loss model. Fortunately, radiative*

losses are not dominant over most of the electron
energy-atonde nunser conMnations of interest.(dE/dX) rad EZ

* "

(dE/dX) coil 1600 me Energy and range straggling are not explicitly
2

treated. The impact of energy straggling is mini-
2where mc is the electron rest energy in MeV, E is mized by the flux-to-dose conversion. The differ-

the electron kinetic energy in MeV, and Z is the ence in actual pathlength and source-dose point
atomic number of the stopping material. For this distance includes both range straggling introduced
study, credit is taken for the electron energy loss by the discrete nature of the interaction processes
due to bremsstrahlung, but the resulting photons and the effect of multiple elastic scattering.

,
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Ignoring the pathlength differences is conservative if present. The fuel matrix composition was assumed
for this assessment since greater pathlengths pro- to be UAl . The source in each fuel plate was3
vide lower energy electrons; lower energy electrons distributed among 200 source volume elements. A
result in higher dose rates than calculated at higher chopped cosine distribution was used to represent the
energies since flux-to-dose conversions are taken at axial source variation anri flat distributions were
the peak of the depth-dose curve. assumed across the fuel plate width and thickness.

The dose point was positioned on the axial mid-plane
An electron transport program was assembled by at 3 ft (91.44 cm) from the outermost plate.

combining the collisional and radiative energy loss
*

models described above, the h!AGI-developed com. Results for the seven standard element types, the
binatorial geometry package,I4 and the point three control elements, and the three special element
source distribution routines from QAD.4This pro- types are listed in Tables 8,9, and 10, respeefively.
gram obtains effective beta transport factors using -

the following methodology. The fuel element is TA/GA fuels. All relevant TRIGA fuels were con-
divided into an arbitrary number of source volumes. sidered in three categories: single rod, four-rod fuel
For each energy group, a unit energy source assemblies, and three-fueled-rod control asser0blies.
(I hieV/s)is distributed among the discrete volume The three geometric models developed for the pho-
elements. A dose point particle flux for that source ton transport factor evaluations were also used for
volume is determined, based solely on the geometric the electron transport calculations. The previously
attenuation provided by the source volume element- described dose point locations and flat radial,
detector point separation. Next, the material at- chopped cosine source distributions were retained.
tenuation is evaluated by tracking a single particle
from each source volume element through allin. The source in each rod was distributed among I

tervening materials to the dose point. Energy losses 2400 source volume elements. The maximum range
along the track are calculated using the collisional of the most energetic electrons (6.75 hieV) is less
Cnd radiative loss models described above. An in- than 0.8 cm in the TRIGA fuel composition. There-
itial energy corresponding to the group mid-point fore, the source volume elements could be concen-
energy is assumed and the particle is tracked until trated in the rod periphery in view of the detector
either the dose point is reached or the particle energy in order to minimize tracking of electrons that could
is reduced to below 100 kev. For those particles not reach the detector.
reaching the dose point, a particle flux-to-dose con-
version is obtained for the final energy and a dose Calculated transport factors for the three TRIGA
contribution is calculated. The dose contributions fuel types are listed in Table 11.
from all volume elements are calculated and a total >

dose rate obtained for the energy group of interest. Flux-to Dose ConversionsThe effective beta transport factor is obtamed by
dividing the total group dose rate by the energy flux-
to-dose factor for the group mid-point energy. Flux-to-dose conversion factors were calculated

at the gamma group energy mid-points using the
Mete Type ruede. Detailed geometric models were analytic expression provided in ANSI /ANS-6.1.1-

constructed for the thirteen plate type fuel elements 1977.15 Flux-to-dose conversion factors for the beta
using data from Reference 7. Individual fuel plates group energy mid-points were obtained from
were explicitly modeled for all elements. Dummy Figure 13 ofICRP Publication 21.16The conversion
plates and control rod guide plates were modeled, factors are listed in Table 12.

.

COMPUTER PROGRAM DESCRIPTION

. A computer program was written to perform the the element power history must be supplied in sim- '

dose rate calculations using the methods described ple histogram form. Gamma and beta dose rates
in the previous sections. The program is coded in at the 3 ft (91.44 cm) dose point are calculated at
the FORTRAN 77 language for easy implementa- user specified (or default) cooling times.
tion on any computer system with a full ANSI t

FORTRAN 77 compiler.
Appendix A contains a listing of the program.

Minimal user input is required. The facility and Appendix B is a user's manual with a description
element type must be identified (by keywords) and of the code and a detailed input description.

10
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Table 8.. Electron transport factors for aluminum plate standard fuel elements

Equivalent Dose Point Energy Flux for Unit Energy Sourcea
in Indicated Group

(MeV/cm2-s)

Energy Group FNR GTRR RINSC UCNR UVAR 12-Plate UVAR 18-Plate UVAR Partial

1 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0

2 3.2085 x 10-6 0.0 5.2798 x 104 0.0 - 5.4771 x 10-6 3.3240 x 104 6.6478 x 104

3 2.6779 x 10-6 7.8339 x 104 8.9258 x 10-7 7.9439 x 104 4.6202 x 104 2.7850 x 104 1.5143 x 10-6

4 2.6732 x 10-6 5.4755 x 104 1.6874 x 10-6 5.6275 x 104 4.6666 x 104 2.7899 x 10-6 8.3056 x 10-6.

:: 5 3.7042 x 10-6 5.2127 x 104 2.8225 x 104 5.3601 x 10-6 5.0597 x 10-6 2.9704 x 104 2.4775 x 10-6

6 5.8984 x 10-6 5.8157 x 10-6 6.7299 x 104 6.0428 x 104 5.7815 x 104 3.2789 x 104 9.9560 x 10-6

7 6.9775 x 10-6 6.6306 x 104 2.1674 x 104 7.0282 x 104 6.6331 x 10-6 3.5910 x 104 3.8939 x 104

8 4.5964 x 104 9.2760 x 10-6 6.2458 x 10-6 8.0501 x 104 1.2550 x 10-5 5.3590 x 10-6 1.1586 x 104

9 9.1046 x 10-6 8.5386 x 10-6 3.5203 x 10-6 8.7862 x 104 1.0891 x 10-5 4.5263 x 104 1.1993 x 104

- 10 7.8851 x 10-6 7.6974 x 10-6 7.7172 x 104 8.1463 x 104 1.0310 x 10-5 8.9985 x 104 2.6510 x 104

11 9.3055 x 104 1.0202 x 10-5 3.6014 x 10-6 9.3512 x 104 3.4242 x 104 6.3820 x 104 4.0822 x 104

a. MeV/s at energy midpoint of group.



Table 9. Electron transport factors for aluminum plate control elements

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

2(MeV/cm -s)

Energy Group FNR UCNR UVAk
*

1 0.0 0.0 0.0

2 6.4170 x 104 6.8305 x 10-6 6.6478 x 10-6
.

3 5.3558 x 10-6 5.7383 x 104 5.5699 x 10-6

4 5.3463 x 104 5.7662 x 10-6 5.5797 x 10-6

5 7.4083 x 104 6.1737 x 104 5.9407 x 10-6

6 6.1804 x 104 6.8786 x 10-6 6.5578 x 104

7 3.93% x 104 4.1503 x 10-6 4.0583 x 104

8 2.5325 x 10-6 2.6119 x 104 2.5780 x 10-6

9 1.7078 x 10-6 1.7450 x 10-6 1.7293 x 10-6

10 4.9398 x 10-6 1.1435 x 10-5 1.0658 x 10-5

11 1.1574 x 10-5 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 nated by contributions from short-lived fission
a complex function of the accuracy in each of three products. In this limiting case, the error in the dose
components of the dose rate assessment. The three rate is less than or equal to the error in the instan-
controlling components are the power history, the taneous power level. At very long decay times, the
fission product source functions, and the effective dose rate is dominated by contributions from lorg-
transport factors. 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.Power History

Any specified power history may contain errors -

Errors in the specified fuel element power history in (a) the total accumulated exposure and (b) the
are reflected as errors in the fission product inven- instantaneous power levels. The maximum error
tory. Error propagation into the calculated dose rate propagated into the dose rate from errors in the
may be easily assessed only for two limiting cases. power history is equal to the maximum of (a) and
At very short decay times, the dose rate is domi- (b) above.

12
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Table 10. Electron transport factors for aluminum plate special elements

Equivalent Dose Point Energy Flux for Unit Sourcea
in Indicated Group

2(MeV/cm -s)

Energy Group MITR-II MURR NBS

'

1 0.0 0.0 0.0

2 1.7994 x 10-6 4.6980 x 10-6 0.0
.

3 1.2852 x 104 5.7725 x 10-6 4.2795 x 10-6

4 4.3333 x 10-6 6.4858 x 10-6 7,1373 x go-6

5 1.4%8 x 104 8.4220 x 10-6 7.5393 x 10-6

6 3.5149 x 10-6 2.4102 x 10-6 5.7442 x 104

7 2.5778 x 10-6 3.0608 x 10-6 3.8622 x 10-6

8 2.2849 x 10-6 7.8754 x 10-6 6.1694 x 10-6

9 5.3921 x 10-6 5.5364 x 10-6 6.4376 x 10-6

10 6.9775 x 10-6 3.8318 x 10-6 6.9432 x 104

11 4.8036 x 10-6 3.7395 x 104 5.8047 x 104

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

.

Fission Product impulse Functions Fitting tolerances and uncertainties were not
available for the multigroup impulse function

Fission product impulse function coefficients are coefficients.2 The overall uncertainty associated
i typically obtained by fitting to results of experiments with the multigroup data is expected to be higher -

and/or summation calculations. Very tight fitting than that quoted for the total energy release; less
tolerances are achievable; Reference 2 reported the

experimental data is available and the energy depen-
'

ANS-5.1 decay heat standard utilized 23 exponential|

terms to fit total decay heat to well within 1% over dent measurements are more demanding than those

13 . The total uncertainty required for total energy release.''
the period from 0.1 to 10 s

on decay heat is necessarily larger since the fitting
tolerance errors are overshadowed by the uncertain. Total energy release calculations, using the multi-
ties m the experimental measurements and m the*

groap data, provide good agreement with decay
fiss,on product data base used m the summationi

heat values obtam.ed using the ANS-5.1 decay heatcalculations. The one sigma uncertainty on the
standard. For a 235U fission pulse, the maximumANS-5.1 235U decay heat standard is 40% at I s

following a fission pulse and 3.3% at I s after an in. deviation is 23% during the decay period from I
9 913 ) irradiation. For both pulse and infinite to 10 s. For the decay period from 30 to 10 s, thefinite (10 s

arradiations, the one sigma uncertamty is less than 3% maximum deviation is less than 7%. Smaller dif-
9for decay times between 15 and 10 s. ferences are obtained with finite length irradiations.

I
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Table 11. Electron transport factors for TRIGA fuel elements

aDose Point Energy Flux for Unit Energy Source in
Indicated Group

2(MeV/cm .3)

Energy Group Single Rod 4-Rod Cluster 3-Rod Cluster
.

1 0.0 0.0 0.0

2 0.0 0.0 0.0
,

3' 2.5222 x 10-7 2.62% x 10-7 3.5061 x 10-7

4 5.3366 x'10-7 2.4567 x 10-7 3.2756 x 10-7

5 1.0437 x 104 9.6792 x 10-7 1.2906 x 10-6

6 1.6448 x 104- 4.8966 x 10-7 6.5289 x 10-7

7 2.2260 x 10-6 1.2425 x 10-6 1.6567 x 104

8 2.4539 x 104 8.0982 x 10-7 1.0798 x 10-6
;

9 3.2345 x 104 1.2304 x 10-6 1.6405 x 10-6
1

10 2.8015 x 10-6 1.0265 x 104 1.3687 x 104

11 1.4893 x 10-6 1.5354 x 10-6 2.0472 x 10-6

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

Table 12. Flux-to-dose conversion factors Effective Transport Factors

Flux-to-Dose Conversion Photons. Exact representations of fuel element
Factor geometries and arbitrarily accurate specification of

2(rem /hr)/(MeV/cm .s) source distributions are afforded by the shielding
codes used in this analysis. Photon interaction cross

Group hle Photons Electrons
sections are well known for the materials and ener- ,

'
1 0.250 2.52 x 10-6 1.37 x 10-3 gies of interest. Uncollided photon fluxes at the dose

2 0.650 2.22 x 104 3.62 x 10-4 point can be calculated with high accuracy. The ma-

3 1.125 1.91 x 104 1.83 x 10-4 jor source of error arises from the use of infinite
4 1.575 1.73 x 104 1.22 x 104

*

media buildup factors for the scattered flux con-
5 2.000 - 1.60 x 10-6 9.21 x 10-5 tribution. The scattered flux error is usually not
6 2.400 1.51 x 10-6 7,43 x 30-5 more than a few percent and will reach 20 to 30%

4 6.21 x 10-5 only in unusual cases.57 2.800 1.43 x 10
8 3.500 1.32 x 104 4.82 x 10-5

4 3.62 x 10-59. 4.500 1.20 x 10
10 5.500 1.13 x 10-6 2.89 x 10-5 The plate type fuel elements are optically thin at

i1 6.750 1.05 x 104 2.30 x 10-5 the energies of interest.The buildup factors and re-
sulting scattered flux contributions are relatively

14
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small. For a typical buildup factor of 1.1, even a Errors introduced by both the radiative loss treat-
worst-case 30% error will introduce only a 3% er- ment and by energy and range straggling result in
ror on the total flux solution. a conservative dose assessment from a fuel self-

Comparable errors can be expected for the
TRIGA fuels. The buildup factors are somewhat

Uncertaint.ies in compositions and fuel element
.

larger (typically 1.2 to 1.3), but the uncertainty in
dimensions introduce the greatest uncertainty to thethe total flux solution was reduced by supporting
electron transport calculations. Typical fuel element

Afonte Carlo calculations.. specifications provide for very close tolerances on
,

Electrons. Errors in the electron transport calcula. the fuel plate total thickness. However, due to the

tion arise primarily from failure to explicitly treat fuel manufacturing process, much looser tolerances

energy and range straggling, radiative loss treat. are acceptable (and required) on both the fuel core*

ment, uncertainties in the fuel element geometry and thickness and the uranium to aluminum ratio in the

composition, and uncertainties in the fuel element fuel matrix.
power distribution.

The impact of small composition uncertainties is
Errors introduced by the radiative loss treatment illustrated by the sensitivity to the assumed air den-

.

are expected to be the larger of the first two types. sity. The 0.65 hieV electron group dose contribu-
The ratio of radiative loss to total loss, or radiative tion comes entirely from the outermost plate. The
loss fraction, is a function of material composition standard atmosphere density difference between sea
and electron energy. For the TRIGA fuel composi- level and 1400 m (4593 ft) introduces a 35% change
tion, the radiative loss fractions are about 21% at in the effective transport factor for the 0.65 hieV
5 hieV,10% at 2 hieV, and 5% at I hieV. Radia-

, group. The change is about 5% for the 1.125 hieV
tive loss fractions at the same energies are 36%,

8' "P'18%, and i1% for UAl and 7%,3%, and 1% for3
aluminum.

Transport factors for the lower energy electron
For practical irradiation and decay times, the groups are also sensitive to deviations from the

electron source distribution is dominated by the low assumed source distributions. Flux depressions or
energy groups. For an eight hour constant power peaking at the element edges alters the source dis-
irradiation followed by a one hour cooling period, tribution in the outer plates. The error in the effec-
98% of the electron energy source is below 4 hieV tive transport factor for the 0.65 hieV group is
and 82% is at or below 2 hieV. The 0.65 AfeV equal to the plate power peaking factor. The effect
group contains 24% of the electron source. is smaller for the higher energy groups.

CONCLUSIONS AND RECOMMENDATIONS

The FUELDR program provides a quick and The calculation method should be validated by
inexpensive method of determining biological dose comparison with dose rate measurements. Relatively

rates from irradiated 235U fuels. Dose rates at a straightforward measurements of total gamma and

fixed dose point are determined using an input total beta dose rates from one or more fuel types

element power history. The code contains effective would provide confidence in the overall methodology
,

and implementation. Afore detailed spectral measure-transport factors for sixteen unique fuel types in use
ments would probably be required to resolve differ-

at thirteen facilities. Data for additional element ences in the predicted and measured dose rates,
types can be incorporated as required. especially for the low energy beta dose contributions..
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PROGRAM FLELOR
C

C F0ELDF - A PRCGRAP TO CALCOLATE BIOLOGIC AL DCSE RATES FROM
C IRRADI ATED HIGH EhRICHMENT RESE ARCN SEACTOR FliLS
C

COMMON /CbO AT/ CPE AD, CT ITL, C HAM 1, CN A12, CNAME(19),
A CTIMP(100), CTIMC(100), CUPWR(ICO)
CHARACTER CHEAD*120, CTITL*80, CNAM188, CHAM 2*e, CNAPE*98
C F AR A CT E E CT IPP* 3, C TIMD *3, CbPWR*3
COMMON /COEFF/ E ALF (23,11), SLAM (23,11), GALF(23,11), GLAM(23,11).

COMM0h /ORAT E/ BCRAT(11,100), GDRAT(11,100), 80 TOT (1CO),
A GCTOT(100), ORTCT(100)

COP.P.CN /FACTR/ BTRAN(19,11), GTRAN(19,11), EFT 00(11), GFT00(11)
CCMPCh / FLAGS / NAMIO, MPTIM, MOTIM, NPTIM, NOTIM, NCASE, MEDIT.

CCPPCh /IRRA0/ FRATE(100), PWRIN(100), ENGPF(100)
CCPP0h / LIMIT / N8G, NGG, NPMAX, NOMAX, LB(11), LG(11),

A 1PINF, TMAXF, EXPLL, ERR
CCPPCN /50RCE/ BESRC(11,ICC), GESRC(11,100), BETOT(1CO),

A GETOT(100), ENTOT(100)
CCMPCN /11MES/ TP(100), 10(100), TX(100), TPINP(100), TOINP(100)
CCMPCN /UFRYO/ BEPFR(11)s GEPFR(11)
CP E h ( 5, F ILE = ' IN F UT' )
CPEh(6, FILE ='CL1PUT')

10 CALL ROINP
IF(hCASE.EQ.0) GO TO 20
C ALL ECINP
CALL DRCAL
CALL ECCLT
GC TC IC

2C CCHT!kUE
CLCSE(5)
CLOSE(6)
STCF
EhD

.

e
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SUBROUTINE CKINP(NCK)
C
C SUBROUTINE TO CHECK INPUT DATA AND PERFORM UNITS CONVERSIONS i

C
COMMON /CHD AT/ CHE AD. CTITL, CNAM1, CNAM2, CN AME (19), <

A CTIMP(100), CTIM0(100), CUPWR(100) I
'

CH AR ACT ER CHE AD* 120, _ C TITL*80s CHAM 1*6, CNAM2*8, CHAME*98
CHAPACTER CTIMP*3, CTIMD*3, CUPWR*3-
COMMON / FLAGS / NAMID, MPTIM, MDTIN, HPTIM, NDTIM, NC ASE, MEDIT
COMPON /IRRADI FRATE(100)s PWRIN(100), ENGPF(100) -

COMbON / LIMIT / NBG, NGG, NPMAXs NDMAX, LB(11)s LG(11)s
A TPINF, TMAXF, EXPLL, ERR
COMPON / TIMES / TP(100), 10(100), TX(100), TPINP(100)s TDINP(100)

,

IF ( NC K. E Q.2 ) GO TO 20
C

C POWER STEP DATA
C ;

00 10 IL = 1, NPTIM |

LL = IL I

I F (IPINP (IL ) . LE . C. 0) CALL-ERR $(8,LL,0)
IF(FWRIN(IL).LT.O.0) C ALL E RRS (9,LL,0)

IF(ENGPF(IL).LT.O.0) C ALL E RRS (10,LL,0)
TCONV = 0.0 l

IF(CTIMP(IL).EQ.' ') CTIMP(IL) 'SEC'=

IF(CTIMP(IL).EO.'SEC') TCONV = 1.0
IF(CTIMP(IL).GQ.8 MIN') TCCNV = 60.0
IF (CTIMP(IL ) .EQ. *HR$ e l TCDNV = 3600.0
I F ( CT IM P ( I L ) . E Q . ' D AY' ) TCONV = 86400.0 |
IF (CT IMP (IL ). EQ. 'YR$ 8 ) TCONV = 3.15576E+7
I F ( TC ON V.L T .1. 0 ) CALL ERR $(11,LLs0)
TP(IL) = TPINP(IL)*TCONV
PC0FV = 0.0 i

'KW 8.IF(CUPWR(IL).EQ.' ') CUPWR(IL) =

IF(CUPWR(IL).EQ.*W ') PCONV = 1.0
IF(CUPWR(IL).EQ.8 W') PCONV = 1.0
IF(CUPWR(IL).EQ.' W') 'PCONV = 1.0
IF(CUPWR(IL).EQ.*KW ') PCONV = 1000.0
IF(CUPWR(IL).EQ.' KW') PCONV = 1000.0
IF(CUPWR(IL) .EQ.'MW 8) PCONV = 1 0E+6
IF(CUPWR(IL).EQ.' MW') PCONV = 1.0E+6
IF(PCONV.LT.1.0) CALL ERR $(12,LLs0)

C

C CONVEPT SPECIFIED THERMAL POWER TO FISSION RATE USING EITNER
C 200 MEY/ FISSION DP THE ENERGY / FISSION VALUE INPUT FOR THIS STEP
C AT 200 MEV/ FISSION, 1 WATT = 3.12098E+10 FISSIONS /SEC
C

PCONV = PCONV*3.12098E+10 .

IF(ENGPF(IL).NE.200.0) PCONV =1 PCONV8 200.0/ENGP F(IL)
FRATE(IL) = PWRIN(IL)*PCONV

10 CONTINUE
*

P ETURN
C
C DECAY TIME DATA
C

A4

. -



-

,

20 CONTINUE
00 30 Il = 1, ND TIll
LL = IL
IF(TDINP(IL).LE.C.0) C ALL ERRS (13s LLe o)
TCONV = 0.0
IF(CTIMD(IL).EQ.' ') CTIND(IL) = *SEC8
IF (CTIND(IL ) . EQ. 'SEC ' ) T C ON V = 1. 0
I F ( CT IM D( IL ) . E Q . ' HIN' ) TCONV = 60.0
IF (CT IMD (IL ) . EQ. 'HR S ' ) TCONV = 3600.0.

IF(CTIND(IL).EO.' DAY') TCONV = 86400.0
IF (CT IND(IL ) .EQ. ' YR S' ) TCONV.= 3.15576E+7
IF(TCONV.LT.1.0) CALL ERR $(14,LL,0)
10 (IL I TOINP(IL)*TCONV- = '

IF(TD(IL).LT.TMINF) CALL ERRS (15,LL,0)
IF(TD(IL).GT.TMAXF) C ALL ERRS (16,LL,0)

30 CONTINUE
RETURN
END

,

i

.

*

I

>

l

i
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SUBROUTINE DRCAL
C

C SURR00 TINE TO MANAGE DOSE RATE CALCULATION
C

COMMON /DRATE / BDRAT(11,100), GDRAT(11,100), BDTOT(100),
A GDTOT (100 ), DRTOT(100)
CDPRON /FACTR/ BTRAN(19,11), GTRAN(19,11), BFTODt11), GFTOD(11)
COMMON / FLAGS / HAMID, M P T I N, MDTIM, NPTIM, NOTIN, NCASE, MEDIT
C OMPON /IRR AD / FRATE(100), PWRIN(100), ENGPF(100) .

COMMON / LIMIT / NBG, NGG, NPMAX, NDMAX, LB(11), LG(11),
A TNIhF, TMAXF, EXPLL, ERR

COMMON /50RC E/ BESRC(11,100), G ESRC ( 11,100 ), BETUT(100),
-

A .

GETOT(100), ENTOT(100)
COMMON / TIMES / TP(100), TD(100), TX(100)s TPINP(100), TDINP(100)
COMMON /UFRYO/ BEP F R ( 11) , GEPFR(11)
TX(NPTIM).= 0.0
DC 10 NP = NPTIN, 2, -1

TX(NP) + TP(NP)10 TX(NP-1) =

CALL ZARAY
00 40 ND = 1, NDTIM
00 30 NP = 1, NPTIM
TTC = TD(ND) + 1X(HP)
I F (TTC.GT.T M AX F ) C ALL E RRS(17,NP,HD)
1AP = TP(NP)
CALL UFYLD(TAP,1TC)
00 24 NG = 1, NEG

BESRC(NGrND) + B EP FR(ngl +FR ATE (NP)W SRC(NG,ND) =

BESRC (NG, ND)* ST R AN(N AMID NG) *B FTOD(NG )80 RAT (NG,ND) =

24 CONTINUE
00 26 NG = 1, NGG

GESRC (NG,ND) + GEP FR(NG l* FR ATE (NP)GESRC(NGsND) =

GESRC (NG, ND )*GTR AN(N AMI D, ngl *G FTO D(NG )GDRAT(NG,ND) =

26 CONTINUE
30 CONTINUE
40 CONTINUE

00 70 ND = 1s NDTIM
DO 50'NG = 1, NBG

BETOT(ND) + BESRC(NG,ND)BETOT(ND) =

RDTOT(ND) + BDRAT(NG,ND)BDTOT(ND) =

50 CONTINUE
00 60 NG = 1, NGG

GETOT(ND) + GESRC(NG,ND)G TOT (ND) =

GDTOT(ND) + GDRAT(NG,ND)GOTOT(ND) =

60 CONTINUE
SETOT(HD) + GETOT(ND)ENTOT(ND) =

BDTOT(ND) + GDTOT(ND)DRTOT(NO) = .

70 CONTINUE
RETURN
FND , ,
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SUSFOUTINE EDINP
C

C INPUT DATA EDITS
C .

COMMON /CHDAT/ CFEAD, CT IT L, C H A H1, CHAM 2, CNAME(19),
A CTIMP(100), CTIMD(100), CUPWR(100)

CHARACTER CHE AD *120, C T I T L* 8 0, CHAM 1*S, CNAM2*8, CHAME*98-
CHARACT ER CTIMP* 3, C TIMD* 3, CUPWR*3
COMMON / FLAGS / NAMID, MPTIM, MDTIN, NPTIM, NDTIM, NCASE, MEDIT'-

COMMON IIRRAD/ FRATE(100), P WRIN(100), ENGP F(100)
COMPON / TIMES / TP(100), T0(100), TX(100), TPINP(100), TDINP(100)
DIMENSION CT(5)

*

CHAPACTER CT*3
DATA CT / 'SEC's ' MIN', ' HRS', ' DAY', ' YRS' /
WRITE (6,600),

! WRI TE( 6,610 ) CHEAD
WPITE(6,610) CHAME(NAMID)(17:96)
WRITE (6,620) CTITL
WRITE (6,601)
WRITE (6,630)
WRITE (6,640)

:

WRITE (6,641)
WRITE (6,642)'

WRITE (6,602)
ACEXP = 0.0
ACTIM = 0.0
'D0 100 IL = 1, NPTIM
$TEXP = F R A T E ( Il l *ENG P F ( I L ) * T P ( I L ) / 6. 24196 E +15
ACEXP = ACEXP + STEXP
ACTIM = ACTIM & TP(IL)
WRITE (6,645) IL, TPINP(IL), CTIMP(IL), T P (IL), CT(1), PWRIN(IL),

A CUPWR(IL), E NGP F ( IL ), FRATE(IL), STEXP, ACEXP, ACTIM

100 CONTINUE
WRITE (6,600)
WRITE (6,6101 CHEAD
WRITE (6,610) CH AM E(N AMI D ) (17 8 98 )
WRITE (6,620) CTITL
WRITE (6,601)
WRITE (6,660)
W R IT E ( 6,670 )
WRITE (6,671)
W R IT E ( 6,672 )
W R I TE ( 6,673 )
WRITE (6,602)
DO 200 IL = 1, HDTIM
TI = TD(IL)'

..

T2 = TD (IL )/ 60. 0
T3 = TD (IL)/ 3600.0
T4 = TD(IL) /66400.0
T5 = TO(IL) / 3.15576E +7*

WRITE (6,675) IL, TDINP(IL), CTIMD(IL), T1, CT(1), T2, CT(2),
A T3, C T( 3 ), T4, CT(4), T 5, CT(5)

200 CONTINUE
RETOPN

A-7
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600 FORMAT ('1' )
601 F ORMAT( '0')
602 FORMAT (' 'l
610 F ORM AT ('O', ( A ) )
620 FORNAT('O',' CASE' ', ( A ))

630 FORPAT(1X,' POWER HIS TORY EDIT ', /s '+'s 20(*_' ) / )
640 FORMAT (IX,1X,' STEP',7X,' STEP LENGTH',8X,' STEP LENGTH',8X,

A ' STEP POW!R',6X,e MEV PER',3X, e FISSION RATE's 6X,' STEP's 6Xs
' CUM' L ATIVE ',3 X,' CUMUL ATIVE' )JB

641 FORM AT (IX, ' NUMBER',5 X, ' (INPUT UNITS )' ,8X, '( SECONDS) ',8X, -

A ~ ' (IN PUT UNITS ) ',4 X, 'FI S SION',5 X,' (F IS/ S EC ) *,5 X,' KW-SEC e,
B 5Xe ' KW-SEC 8,5X, ' SECONDS ')

6 4 2 F O RM A T ( * + ', 6 ( '_ ' ),3 X,16 ( '_' ) , 3 X,16 ( ' _ ' ) , 3 X,16 ( ' _8 ) , 3 X, 7 ( ' _8 ),
,

A 3X,12 ( '_ ' ),3 X,10( '_ ' I s 3Xs 10 ( 8_' I s 3X,10( 8 8 ) )

64 5 FORPA T(1X,1X,13,5X,1PE12.6s1X, A3s 3X,1P E12.6s1Xs A3,3Xs1PE12.6s1Xs
A -A3,3X,0PF7.3.1X,1PE13.4s1X,1P3E13.4)

660 FORMAT (1X,' DECAY TIME EDIT 's/s'+',17('_')/)
670 FORMAT (1X,40X,'CECAY TIME (TIME AFTER END OF LAST POWER STEP)')-

671 F OR M A T ( * + ',8 X,111(' _' ) )
672 F ORMAT(IX, ' DEC AY', /,1X,' STEP ',7X, ' INPUT UNITS',10X,' SECUNDS 8,

A 12X, ' MINUTES ',13 X, ' HOURS ',14X, ' D A YS 's13Xs 'Y E ARS ' )
673 FORMAT ('+',5('_'),6(3X,16('_8))/)
675 F0PN AT(IX,14,1X,6(2X,1PE 13.6,1X, A3))

END

t

|
!

.
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SUBROUTINE EDOUT
C-

'

C DUTPUT EDITS
C

COMPON /CHDAT/ CHE AD, CTITL, CHAH1, CNAM2, CN AME(19)s
A CTIMP(100), CTIMD(100), CUPWR(100)
CH ARAC TER CilE AD*120, CTITL*S O, C NAM 1*8s CNAM2*8, CNAME*98
CHAR ACTER CTIMP'3s C TIMD*3, CurWR*3
COMMON /DR ATE / 00 RAT (11,100)s GDRAT(11,100), BDTOT(100),

A GDTOT(1001s DRTOT(100),

COMN0H /rL AGS/ I;AMID, hP TIM, MDTIM, NPTIM, NDTIM, NCASE, MEDIT
CONMON / LIMIT / NBGs NGG, hPMAX, NDMAX, L8(11), LGt11),

A TPINF, TMAXFe EXPLL, ERR
COMMUN /SORCE/ BESRC(11,100)s GESRC(11,100), BETOT(100),-

,

A G E TOT ( 100 ), ENTOT(100)
COMMON / TIMES / IP(1001s TO(100), TX(100)s T PINP( 100) s T0!NP(100)
LPEPP = 50

C --- DOSE PATE SUMMAPY
NP =1

10 WRITE (6,600)
WPITI(6,610) CNEAD

,

WRITE (6,610) CHAME(NAMID)(17898)
WRITE (6,620) CTITL
WRITE (6,601)
WRITE (6,630)
WRITE (6,601)

WRITE (6s640)
WP.1TE(6,601)
DO 20 NL = 1s LPFRP
IF(PP.GT.NDTIM) GO TO 30
WRITF(6s650) NP, TDIN P (NP )s CTIMD (NP), PR TOT ( N PI s GDTOT (NP Is BDTOT (NP)
NP = tlP +1

20 C0hTINUE
I F ( t:P .L T.N D T I M ) GO TO 10

C --- ENEFGY PELE AS E P ATE SUMM ARY
30 I F(PE DI T.LT.1 ) GO TO 99

NP = 1
IF(bDTIM.LT.20) GO TO 45

40 WRITE (6,600)

WPITE(6s610) CFEAD
! - WPITE(6,610) CHAME(HAMID)(17 98)
| WRITE (6,620) C11TL

45 WRITh(6,601)
WRITE (6,660)
WRITE (6s601)>

WRITE (6,670)t

l WRITE (6s601)' '*
DO 50 NL = 1, L PERP
IF ( hP.GT.ND TI M ) GO 70 60
WRITF(6s650) NP s 1DI NP ( H P ) s CTI M D ( H P ) s E NT0T ( N P), GE TOT ( NP ), BE TO T (NP )
HP = HP + 1-

50 CONTINUE
IF(NP.LT.NDTIM) GO T1 40

60 IF(ME0!T.LT.2) 00 TO 99

|
|
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C --- HULTIGROUP DOSE RATE EDITS
NB = 1
NE = 8

70 IF(NB.GT.NDIIN) GDTO20
IF (NE.GT.NDTI N) NE = ND TIM
WRITE (6,600)
WRITE (6,610) CilE AD
WRITE (6,610) Cit ANE ( NAHID ) (178 98 )
WRITE (6,6201- C 1I TL
WRITE (6,601) -

WRITE (6,680)
WRITE (6,681) (TCINP(N),CTIND(N),H=NB,NE)
W R IT E ( 6,68 2) .

WRITE (6,602)
00 72 NG = 1, NGG'

72 WRITE (6,683) NG, (GDRAT(NG,N),N=HB,HE)
WRITE (6,684) (GDTOT(N),N=NB,NE)

i WRITE (6,601)
WRIT 3(6,685) ( T DINP ( til , C TIN D ( N), N = N B, NE )
WRITE (6,682)
WEITE(6,602)
DC 74 NG = 1, NBG

74 WRITE (6,683) NG, ( BDR AT ( NG,N),H=NB,NE )
WRITE (6,686) (EDTOT(N),N=NB,NE)
WRI1E(6,601)
WRITF(6,687) (DRTOT(N),N=HS,NE)
NB =-NS~+8
NE = NE + 8

| GD 10 70
C --- HULTIGRDUP ENERGY RELEASE RATE EDITS

80 NB =1-
NE =8

81 IF(NB.GT.NDTIN) GO TU 99
I F ( NE .GT.ND TI N ) NE = 14DTIN
WRITu(6,600)

i WRITE (6,610) CNE'AD
WRITE (6,610) Ch AN5 (N AMID ) (17 898 )
WRITE (6,620) CTITL
WRITE (6,601)
WRITE (6,690)
WRITE (6,691) (10INP(N),CTIND(N),N=NB,NE)
WRITF(6,682)
WRI1E (6,602 )
0 0 82 N G = 1, N 3 G

82 WRITF (6,683) NG, ( G ES P C ( NG, N), N= N 8, NE )
WRITE (6,684) ( G E10T (H ) , N=NB , NE )

-WR I T I. ( 6,601)
! WRITh(6,692) (TDINF(N),CTIND(N),N=NB,NE)

WRITE (6,682)
WRITE (6,602) .,

|: D O E 4 N G = 1, NBG

. 84 YRI1 E(6,683) NG, (BESRC(NG,N),N=NS,NE)

! W R ITE ( 6,686 ) (BETOT(N),N=N6,NE)
! WRITE (6,601)

r

L
t
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WRITE (6,687) ( E NTOT( H) , H =HB, N E )
HB = NB + 8
NE = NE + 8
GD 10.61

99 CONTINUE
RETURN

600 FDPNAT(*1')
- 601 FDPNA T('O')
602 FORMAT (' ')
610 FORNAT('08,(A))-

620 FDPhAT('O',' CASE ',(A))
630 F0FMAT ('0',' DOS E R AT E S UMMAR Y ', /, ' + ' ,19 ( 8_' ) )
640 FORNAT(80',2BX,' DOSE RATE AT THREE FEET (REM /HR) 's/,2X,,

A '!TE P',2 3X,36 (' 8 )s /,1Xs ' NUMBER ',6X,'D EC AY TIME ',8Xs
B' ' TOT A L ', 8 X, ' G ANM A ',9X, ' BET A's /, ' + ' ,6 ( ' _' ),3 X,16 ( * _ ' ),
C 3 ( 3X ,1 C ( '_ ' ) ) )

65 0 F DP PA T ( tX, I 4,4 X,1P E 13. 6',1X, A 3,3 ( 1P E 13. 41 )
660 F0FN AT ('O',' SOURCE ENERGY RELEASE SUMMARY ' , / , ' + ' , 31 ( ' _ ' ) )
670 F DPN AT ( 8 0',31X, ' SOURC E ENERGY RELE ASE (MEV/SEC)',/,2X,' STEP 8,

A 23X,3 6 ( ' 8 ), / ,1X, ' NUMB ER ',6X, ' D EC AY TI ME',8 X, ' TOT AL ',8X,
B ' G A MM A ' , 9 X, ' BE T A ' , /,' + ' ,6 ( '_ ' ), 3 X,16 (' _' ), 3 ( 3 X,10 ( s _ e ) ) )

680 FORPAT('Oe,e MULT AdROUP DOSE R ATE EDITS ',/,'+',28('_81/) '

661 FORMAT (IX,41X,'G AMMA DOS E RATE AT THREE FEET (REM /HR)',
A ' AT SELECTED DEC AY TIMES',/,3X,8 G AMMA',5X,117(' '), /,

B 3X,' GROUP',2X,8(1PE13.4,1X,A11)
66 2 F ORPAT ( ' + ',9( '_'),8 ( 3 X,12 ('.8 ) ) )
683 F0FhAT(1X,15,3X,1P8E15.4)
68 4 FORMAT ( 'O', ' G AMM A SUH ' ,1P E14.4,1P 7E15.4)

685 FORMAT (1X.41X,' BL1 A DOSE RATE AT THREE FEET (REM /HR)',
A ' A T S EL ECTE D DEC AY TIMES's /,3X,' BETA's 5Xs117(8 8 )s /s
B 3X, ' G R00F ',2 X,8 (1PE 13. 4,1X, A 1) )<

686 FDPMAT(*0',' B ET A SUM',1 PE14. 4,1 P7E15. 4 )
66 T F ORMA T(' 08, ' TDTAL ' ,1 P E14. 4s 1P 7E 15. 4 )
690 F ORNAT('O', ' MULTIGROUP SCURCE ENERGY RELEASE RATE E DITS 8,/,

A '+',45('_')/)
691 F0FPAT(IX,39X,8500PCE GAMPA ENERGY RELE ASE~ PATE (MEV/SEC)',

A ' AT SE LECTE D DEC AY TIME S 's /,3X, ' G AMMA',5X,120( s_s ), f,

B 3X,' GROUP',2X,8(IPE13.4,1X,A1))
692 F0FPAl(IX,39X,' SOURCE BETA ENERGY RELEASE RATE (MEV/SEC)',

A ' AT SELECTED DEC AY TIME S',/,3X,' BETA',5X,120(' '),/,
8 3X, ' G R OU n',2X,8 ( 1PE13. 4,1X, A1) )

EHC-
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SUBFOUTINE EPRS(IP,11,12)
C
C DI AGNOSTIC MESS AGES FOLLOWING ERROR DETECTION
C

COMMON /CHDAT/ CHEAD, CTITL, CH AM1, CHAM 2, CN AME(191s
A CTINP (100 ), CTI N0(100), C UP WR ( 100 )

CH AR ACT ER CHE AD*120,~ CTIT L*t o, CH AH1*S, CNAM2*8s CHAME*98
CH A* ACTER CIIMP* 3, CT IND* 3s CUPWR*3 *

'COMPUN /IRRACI FRATE(100), P W R IN ( 100 ), E NG PF( 100)
COMPON / LIMIT / HBGs NGG, !!PHAXs NDMAX, LB(11), LG(11),

A TMINF, TMAXF, EXPLL, ERR
CCNMON / TIMES / TP(100), TD(100), TX(100), TPINP(100), TDINP(100) .

WPITE (6s 600)
G O T D ( 1,2,3,4, 5,6,7 s s ,9 s IO,11,12,13,14,15,16s 171 s IP

1 WRITE (6,601) CbAN1, CHAH2
GO TO 99

2 WRITi ( 6,602) NPMAX, 11

GO TO 99
3 WRITC(6,603)

GD 10 99
4 WRITE (6s604) Ils 12

f(0 TO 99
5 WRITE (6,605)

GO TO 99-

6 WRITE (6,606) NOMAX, 11

GD 10 99
7 WRITE (6,607)

GD TO 99
8 hRITE(6,606) II, TPINP(II), CTIMP(Ill

GD 10 99
9 WRITC(6s609) Ils PWRIN(II), CUPWR(II)

GO TO 99
10 WR IT E( 6s 610) II, ENGPF(Ill

GO 10 99
- 11 bRITE(6s611) IIs CTIMP(II)

GD 10 99
12 bRITE(6,612) Ils CUPWR(Ill

GO TO 99
13 WRITE (6s613) Ils TDINP(II), CTIND(II)

ICO TO 99
14 WRITE (6,614) II, CTIMD(11)

GO TO 99
15 WRITE (6,615 ) II, TMINF, TDINP(II), CTIMD(II)

GO TD 99
16 WRITE (6,616) II, TM AXFs TDI NP ( II), CT IM D( II)

~

GO TO 99
17 WRITE (6s617) II, TNAXFs 12
99 C0HTINUE

WR I T E ( 6,699 ) .

STOP
600 FCPEAT('18)
601 F ORP AT('OhD MATCH FOUND FOR THE INPUT FACILITY AND ELEMENT's/s

1 '0 INPUT VALUES = 's(A),(A))
602 FCKPAT('OTHE NUM9ER OF POWER STEPS SHOULD BE PnS ITIVE AND',

A-12
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,

1 ' SHOULD NOT EXCEED',I4,/,
2 '0 INPUT VALUE =8,14)

603 FDPMAT('ONG POWER STEP DATA INPUTJ ALLOWED ONLY AS A's
1 * CHANGE CASE')

604 FORMA T( 80 POWER STEP DATA 00T OF SEQUENCE's /s
1 '0S TE P NUMBE R',14 s ' INPUT A38,I4)

605 FORMAT ('ONO DECAY STEP DATA INPUTJ ALLOWED ONLY AS A's
1 ' CHANGE CASE')

606 FORMAT ('0 ERROR IN THE HUMBER OF DECAY STEPS REQUESTED's/s.

1 '0 ALLO WADLE V ALUE S AR E' ',

2 2X,'1 TO',14,' 10 READ THAT MANY STEPS FROM INPUT's/,
3 24X,'O TO USE DEC AY STEP DATA FROM THE PREVIOUS CASE's/s

*

4 24X,'-1 TO -7 TO SELECT ONE OF THE DEFAULT TIME SETS',/,'

5 '0 INPUT V ALUS = ',14)

607 FDPMAT('OPREMATUPE END OF INPUT DATA ENCOUNTERED')
608 FDPMAT('0ERPOR IN POWER STEP NUMBER',I4./,

1 '0 POWER STEP LENGTH MUST BE GREATER THAN ZER08s /,
2 '0 INPUT VALUE =',1PE12.5s1X,(A))

609 FORMAT ('0 ERROR IN POWER STEP HUMBER',I4,/,
1 '0NEG ATIVE POWER LEVEL NOT ALLOWED',/,
2 '0 INPUT V ALUE = ',1PE12.5,1X, ( A) )

610 FORMAT ('0 ERROR IN POWER STEP NUMBER',14, /,
1 '0 NEGATIVE ENERGY PER FISSION (MEV/FIS) NOT ALLOWED's/s
2 '0 INPUT VALUE =',1PE12.5)

611 FORMAT ('0 ERROR IN POWER STEP NUMBER',I4,Is
1 'ONO MATCH FOUND FOR INPUT UNITS ON POWER STEP LENGTH 8s/,
2 '0 INPUT VALUE =',1Xa( A))

612 FORMAT ('0 ERROR IN POWER STEP HUMBER'.I4,/,
1 'ONO MATCH FOUND FOR UNITS ON INPUT POWER LEVEL',/s
2 ' 0 INPUT V ALUE = ',1X,( A ) )

613 FORMAT ('0 ERROR IN DEC AY STEP NUHBER',14. /,
1 SONEGATIVE DECAY TIME NOT ALLOWED',/s
2 801NPUT VALUE =',1PE12.5s1Xs(A))

614 FOPMAT('0 ERROR IN DEC AY STEP NUMBER',14, /,
1 'ONO NATCH FOUND FOR INPUT UNITS ON DECAY STEP LENGTH's/s

'

2 '0INPU I V ALUE = ',1Xs (41 )
615 FORM AT('0 ERROR Ih DE C AY STEP NUMBER 8,14, /,

1 '0DEC A f TIME MUST BE GREATER THAN',1PE12.5,/,
2 '0INP UT VALUE = ' , IP E12. 5s 1X, ( A) )

616 FORMAT ('0 ERROR IN DEC AY STEP NUMBER',14, /,
1 80 DECAY TIME MUST BE LESS THAN's 1PE12.5,/s
2 '0!NPUT VALUE =',1PE12 5s1Xs(A))4

617 FORMAT ('OTHE TOT AL TIME FROM THE END OF POWER STEP',14,/,
1 80 EXCEEDS',1PE12.5s' SECONDS AT THE END OF's
2 8 DECAY STEP',14)

699 FORMAT ( 80!NPUT D ATA CHECKS TERMIN ATED' ).

END

! .

I
|

|
|

|

l
'
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SUBROUTIHE MATCH
C
C SUBROUTINE TO CHECK INPUT FACILITY NAME AND ELEMENT TYPE AND TO
C IDEt4 TIF Y APPROPRIATE GAMMA-BETA TRANSPORT AND DOSE RATE MODEL
C

CONNON /CHDAT / CHE AD, CT ITL, CilAltl, CN AM2, CH AME(19),
A CTIMP(100), C T It1D ( 100 ), C UPWR( 100)

CH AF AC T ER C HCAD* 120, CTITL*00, C il AM i * 8, CHAN2*8, CNAME*98
CHAPACTER CTIMP*3, CTIND* 3, CUPWP *3
CDPHON / FLAGS / HAPID, MP TIN, MDTIM, NPTIM, NDTIM, NCASE, MEDIT -

NANID = 0
DO 10 N = 1, 19
I F ( CN AM1.E Q.C N A ME (H ) (18 8 ) . AN D.C N AM2.EQ .CN AM E( N ) ( 9: 16 ) ) NAMID = N ~

10 CONTINUE
IF(bAPID.EQ.0) CALL ERR 3(1,0,0)
RETUPN
END

$

|

|
.

t

.

!

|

5
A-14

h
'

:

__ _ . _ _



SUPROUTINE ROINP
C
C SUBROUTINE TO READ INPUT
C

COMMON /CHDAT/ CHEAD, C TI1L, CN AM1, CN AM 2, CNAPE(19),
A CTIFP (100 ), CTIMD(100), CUPWR(100)

CHARACTER CHEAD*120, CTITL*80, CNAM1*8s C N AM2* 6, CNAPE*98
CH AR ACT ER C TI MP * 3, CTIND* 3, CUPWR* 3
COMNON / FLAGS / hAMID, MPTIP, MDTIM, NPTIM, NDTIM, NCASE, MEDIT
COMPON /IRRAD/ F F ATE (100 ), PWRIN(100), ENGP F(100 )-

COMP 0h / LIMIT / HBG, NGG, NPMAX, NDMAX, L B ( 11) , LG(11),
A 1MINF, TMAXF, EXPLL, ERR
COMPON / TIMES / TP(100), TD(100), TX(100), TPINP(100), TDINP(100)

*

REAC(5,500,END=50) CTITL
FEAD(5,510,END=90) CH AM 1, C N A M2, MPTI M, MDTIM, MEDIT
CALL-MATCH
IF ( NP T I N.L I . O .0R .PP T IM. G T .NP M AX ) CALL ERRS (2,MPTIM,0)
IF (MF TIM.EQ.0. AMD.NP TIM.NE.0) GO TO 15
IF(PPTIN.EQ.0) C ALL ERR S( 3,0,0)

bP11M = MPTIM
00 10 I = 1, NPi!M
LL = I
R E AD( 5,520, END = 90) NS,TPINP(I),CTIMP(I),PWRIN(I),CUPhR(I),FISEN
IF(NS.NE.I) CALL ERR $(4,LL,NS)
IF(FISEN.GT. ERR) ENGPF(I) FISEN=

IF(FISEN.LE.ERRi ENGPF(I) 200.0=

10 CONTINUE
C ALL CMINP(1)

15 CONTINUE
IF (PDT IM.E Q. 0. ANC.ND TIM.NE.0 ) GO TO 25
IF (PDTIM.EO.0. ANC.NDTIM. EQ.0) C ALL ERRS ( 5,0,0)

I F ( MD T IM. LT.-7. CF .MD TI M. G T.ND M A X ) CALL ERR $(6,MDTIM,0)
IF(MDTIM.LT.0) CALL TLOAD
IF(MOTIM.LT.0) GO TO 20
HDTIM = MDTIM
READ (5,530,END=90) (TDINP(I), CTIMD(I), I = 1, ND TI P)

20 CALL CKINP(2)
25 COH11NUE

RETURN
50 NCASE =0

RETURN
90 C ALL EPRS(7,0,0)

RETUPN
500 FORMAT (A)
510 FurMAT(A8,A0,3I4)
520 F 0P MAT (I 4, E12. 5,1X, A3, E12.5,1X, A3, E12 5)
530 F 0F NA T(5(E 12. 5,4X A 3 ))*

END

.
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SUBROUTINE TLOAD
C
C INITI ALIZE DEFAUL T DEC AY TIMES
C

C OMMON /CHD AT/ CHE AD, CT ITL, C HAM 1, CN AM2, CN AME (19 ),
A CTIMP(100), CTIMD(100), CUPWR(100)

C H AR AC T EP C H5 AD* 120, CTITL*80, CNAM1*8, CHAM 2*8, CNAME*98
CHARACTER CTIMP*3, CTIMD*3, CUPWR*3 3

CONN 0H / FLAGS / hAMID, MPTIM, MDTIN, NPTIM, NDTIM, NC AS E, MEDIT
~

COMPON / TIMES / TP(100), TD(100), TX(100), TPINP(100), TDINP(100)
DIMENSION TSFT(5,50)
DATA ( T S ET (1, Il s I = 1, 24)
A/ 0.1, 0.2, C.3, 0.5, 1.0, 2.0, 3.0, 5.0, 10.0, 20.0, -

8 30., 50., 60., 100., 120., 180., 200., 240., 300., 360.,
C 470., 400., 500., 600. /

DATA (TSET(2,1), I= 1, 24)
A/ 0.1, 0.2, 0.3, 0.5, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0,

8 12., 16., 20., 24., 30., 48., 50., 72., 96., 100.,

C 120., 144., 160., 240. /

D AT A (TSET(3,I), I = 1, 32)
A/ 0.1, 0.2, 0.3, 0. 5, 10, 2 . 0, 3.0, 5.0, 7.0, 10.0,

8 14., 20., 21., 28., 30., 50., 60., 90., 100., 120.,

C 150., 180., 200., 210., 240., 270., 300., 330., 365., 730.,
C 1095.,1825. /

DATA (TSET(4,Ils I = 1, 24)
A/ 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0. 7, 0. 8, 0. 9, 1.0,

8 12, 1.4, 1.6, 1. 8, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0,

C 7.0, S.0, 9.0, 10.0 /

DATA ( TSET (5, II, I = 1, 48)
A / 1.0, 2.0, 3.0, 4.0, 5.0, 10.0e 30.0,100.0, 10, 2.0,

8 3.0, 4.0, 5.0, 10.0, 15.0, 30.0, 60.0, 1.0, 2.0, 3.0,

C 4 .0, 5.0, 8. 0, 16.C, 24.0, 48.0, 72 0, 84.0, 1. 0, 20,

0 3.0, 4.0, 5.0, 6.0, 7.0, 10.0, 14.0, 21 0, 28 0, 30.0,

E 60.0, 90.0,120.0,150.0,100.0, 1. 0, 2.0, 3.0 /

NSET = -MOTIM
.

60 TD (10, 20, 30, 40, 50, 60, 70), NSET
10 PDTIM = 32

1.0TDINP(1) =

TDINP(2) = 2.0
TDINP(3) = 3.C
TDINP(4) = 5. 0
D0 12 ND = 5, 32

12 IDINP(10) = TD I bP ( ND-4 ) * 10.0
00 14 ND = 1, 32

'SEC'14 CTIMD(ND) =

GO TO 99 ,

20 NDTIM = 32
1.0XP =

C0 22 ND = 1, 32
10.0**XPTDIbP(ND) = .

XP = NP + 0.25
'!EC'22 CTIMD(ND) =

60 TO 99
30 MDTIM = 24

.
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DO 32 ND = I, NDTIh
TDINP(ND) T SE l (I, ND )=

32 CTIPD(ND) 'MIh8=

GD 10 99-
4D hDTIM = 24

DO 42 ND = 1, NDTIN
TDINP(ND) T S ET ( 2,ND )=

42 CTIND(ND) ' HRS 8=

GO TO 99.,

50 NDTIM = 32
DO 52 ND a.1, NDIIM
TDIbP(ND) TSEl(3,ND)=

* 52 CTIPD(ND) 'DAT'=

GO TO 99
60 NDTIM 24=

DO 62 ND = 1s NDTIN
TDINP(NC) T SE l (4, N D )=

62 CTIPD(ND) 'YRI'=

GO TO 99
70 NDTIM = 48

DO 72 ND = 1, NDTIM
72 TDIhP(ND) = TSET (5,ND)

00 74 ND = 1, 8
74 CTIMD(ND) 'S EC '=

DO 75 ND = 9, 17
75 CTIMD(ND) ' MIN'=

00 76 ND = 18, 28
76 CTIMD(ND) ' HRS'=

DO 77 ND = 29, 45
77 CTIMD(ND) ' DAY'=

D0 78 ND = 46, 48
TO CTIMD(ND) 'fRS8=

99 CONTINUE>

! RETLRN
EVD

;

!

.

e

i
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SUBPOUTINE UFYLC (TPR,TDK)
C
C SUBR00 TINE UFYLD FINDS DET A AND GAMMA ENERGY YIELDS RESULTING FROM
C A CONSTANT UNIT FISSION RATE OVE8 AN INTERVAL OF 'TPR' SECONDS.
C ENERGY YIELDS ARF. 114 MEV /S EC A T 'TDK' SECONDS AFTER THE END OF THE
C FIS$1CN INTERVAL.
C COMMON /COEFFI BALF(23,11), BLAM(23,11), GALF(23,11), GL AM ( 23,11)

COMMON /LIMITI tiBG, NGG, NPM A X, NDMAX, L8(11), LG(11),
-

A 1PIhF, THAXF, EXPLL, FRR
CCMPON /UFRYD/ BEPFR(11), GEPFR(11)

C
*

C BETA GPOUPS
C

00 200 N8 = 1, NEG
L = LB(N8)
B EPFR (NB ) = 0.0
00 100 NC = 1. L
E2 = -8 LAM (NC,N8)*TOK
E3 = -BLAM(NC,N9)*TPR
IF (E2.LE.E XP L L ) T2 = 0.0
IF(E2.GT.EXPLL) T2 = EXP(E2)
IF(E3.LE.EXPLL) T3 = 1.0
IF(F3.GT.EXPLL) T3 = 1.0 - E XP (E 3 )
T1 = 8ALF(NC,NB1/8LAl1(NC,NB)

BEPFR(NB) + T1*T2*T3BEPFR(NB) =

100 CCNT1 HUE
200 CONTINUE

.C
C GAPNA GROUPS
C

D0.400 NG = 1s BGG
L = LG(NG)
GLPFR(t4G) = 0.0
CO 300 NC = 1, L

T2 = -GLAM(NCe t!Gl*TDK
?1 = -GLAM(NC,HGl*TPR
IF(F2.LL.EYPLL) T2 = 0.0
IF(L2.GT.EXPLL) T2 = LXF(E2)
IF(E3.LE.EXPLL) 13 = 1.0
IF(L3.GT.EXPLL) T3 = 1.0 - EXP(E3)
11 = GALF(NC,NG)/GLAM(NC,NG)
GEFFR(NG) = GEPFP(NG) + T1*T2*T3

300 CONTINUE
400 CCNTINUE

RETURN
FNL

.

f .
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SUPP00 TINE Z AR A)
C-
C - ZERO INFRGY SOURCC AllD DOS L FATE ARRAYS
C

COMFON /ORAi[/ BLR AT ( 11,100) , GDRAT(11,100), ROTO T (100)s
A GOTOT(100)s DRTOT ( 100)

COPPON / LIMIT / NDG, NGG, NPHAX, NDMAX, LB(11), LGt11)s
A. TP1hF, TMAXF, EXPLL, ERR
COMMON /SORCE/ BESRC(11s!00)s GESRC(11,100), PETOT(100),

A GETOT(100 ), EN TOT (100).

00 30 NO = 1, PDMAX
86 TOT (NC) 0.0=

GE101(HD) 0.0=
- - RD10T(NO) 0.0=

GDTOT(ND) 0.0=

0 0 10 NG = 1, H3G
BESEC(NG,ND) 0.0=

BORAT(NG,ND) 0.0=

10 CON 11NUE
00 20 NG = 1s MGG
GESPC(NG,ND) 0.0=

GDRAT(NG,ND) 0.0=

20 CONTINUE
30 CONTINUE

RETURN
END

4

J

4

:

M
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8 LOCK D AT A CUEFS
C'
C IN ITI ALIZE IM*UL5E SGURCE FUIC TION COEFFICIENTS
C

COMMON /COEFF/ BALF(23,11), SLAM (23,11), GALF(23,11)s GLAM(23,11)
C

C
C ----- B E TA R EL EA SE COEF FIC IttlTi IN 11 ENERGY GROUPS ----
C

DATA (SALF(1, li,I 1,16) -

$/ 2.76879E-03, 1.2 8 0 97 E-0 3, 4.76613E-04, 5.01187E-05, 2.57695E-05,
S 9.36897E-06, 2.80721E-06, 6.97162E-07, 5. 25 675 E-07, 6. 4 2172 E-08,

S 3.27577E-00s 7.2715 7E-09, 4.04634 E-0 9, 7.20339E-10, 4.66955E-11,'
.

5 1. 5 03 26E-11/
'

DA1A (8ALF(I, 21,1=1,17)
S/ 1.62626E-02, 5.81826E-03s 5.02635E-03, 2. 41635E-03s 2.47292E-04s
S 1.10704E-04, 3.75435E-C5, 1.28235E-05, 1.86468E-06, 1.59380E-06,'

S 2 33907E-07, 5.02395E-Das 1.07640E-08, 6.05622E-09s 1 32156E-09,
S 1.24375E-10s 1.25056E-11/
DATA (8ALF(1s 3)sI=1,17)

S/ 3.83669E-02, 1. 20 318 E-0 2, 9. 60 8 29E-0 3, 3.91077E-03, 3.89244E-04,
S 1.30117E-04, 4.08136E-05, 1.38431E-05, 2.41778E-06, 1 51009E-06,
S 1.32017E-07, 1 22656E-00, 2.75929E-09, 2.16993E-09, 7.13751E-10,
S 2.26836E-10, 1.55507E-11/
DATA (BALF(Is 4)sI=1,17)
S/-5.65416E-02, 2.38913E-02, 1.53936E-02, 4. 59877 E-03, 4.07969E-04,
S 1.44031E-04, 3. 9 37 3 2 E- 05, 1. 00 2 42 E-0 5, 1.56505E-06s 1.63683E-06s
S 7.92657E-08, 4.39155E-09, 3.14023E-10, 8. 5837 8E-11, 4.47296E-10,
S 3 65979E-11, 1.30160E-11/

~

DAT/ (SALF(1, 5)p1=1,16)
$/ 6.19952E-02, 2.63 810 E-02s 1.70417E-02, 4.46878E-03s 4.26161E-04,
S 1.19508E-04, 3.70577E-05, 4.31425E-06, 1.08707E-06, 1.17447E-06,
S 7.87866E-08, 5.3P424E-10, 3.25314E-11, 4.33761E-10s 3.78592E-13,
S 3.56942E-12/'

DATA (BALF(Is 6)sI=1s16)
'

S/ 5.68253E-02, 4.20895E-02, 1.84235E-02, 4.C87c3E-03, 4.68408E-04,
S 1.09553E-04, ?.91333E-05, 3.01788E-06, 2.32268E-07s 1 15956E-06s
5 1.10940E-08s 2 66705E-11, 1<76405E-10, 3.70529E-11, 2 96361E-11,
S 2.41157E-14/
DATA (BALF(1s 7 ) s I= 1s 15 )
S/ 6.431563-02, 2.652025-02, 1.99957E-02, 3.55701E-03, 4.71405E-04,
S 6.61565E-05, 2.60429E-05, 4.25276E-07, 4.13834E-08s 1.45412E-06s
S 1.35054E-06, 3.93246E-11, 2.63822E-11, 3.17023E-11, 1.83652E-17/
DAT A (8ALF(Is 8 ) , I= 1,15 )
S/ 1.237675-01, 4.347.00E-02, 2.94350E-02, 4.8 3717 E-03, 7 18957E-04,
S 1.35340E-04, 2.33256E-05, 1.55786E-06, 3.54762E-07, 1.67968E-06,
S 6.398672-09, ? .07 7 57E-11, 3.62214E-13, 3.94038E-12, 1.43663E-17/ -

DATA (BALF(Is 9),1=1,14)
$/ 5.21141F-02, 1.40632C-02, 1.72253E-02, 1.44 734 E-03, 3.68088 E-04s
S 2.81370E-05, 7. 5 5 4 3 7 E- 0 7, 4. 60218E-0 8, 7.22653E-07,-2.30797E-08e

~

$ C.45734E-12, 1.57561E-16, 5.34692E-19, 7.58336E-19/
DATA ( 8 A L F ( I,101, I = 1,13 )

$/ 2.4795eE-02, 7.73 591E-0 3, 7. 3144 3E-03, 4.07547E-04, 1 179 4 4E-04s

5 1 2 4 718 E-0 5, 1.2.5100E-0/, 1.32243E-08, 2.93*70E-14, 8.93566E-13s
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$ 4.96936E-19, 4.16160E-21, 1 50019 E-2 0 /
DATA (BALF(1,11)sI=1s11)
S/ 1.06640E-02, 2.37762E-03, 3.76743E-03, 2.80087E-04, 2 57530E-05,
S 4.51912E-07, 4.979500-09, 3 33028E-10, 4.79124E-13, 2.02480E-14,
$ 2.00667E-21/
DATA (SLAM (I, 1)sI=1,16)
$/ 1.45301E-00, 1.38592E-01, 1.70696E-02, 2.40758E-03, 9.23360E-04,
5 3.78094E-04, 1 47429E-C4, 4.22706E-05, 1.47919E-05s 4.56836E-06,
$ 1. 29 0 5 4 E-0 6, 5.08353E-07, 2.30415E-07, 7.66225E-00s 1 58689E-08s
S 8.018 2 0 E-l'J /.

DATA (BLAM(Is 2 , I = 1,17 )
S/ 1.66124E-00, 3.2118bE-01, 1.02291E-01, 1.845305-02, 3 08907E-03,
5 1.25923E-03, 4.35580E-04, 1.66976E-04, 4.67802E-05s 1 70337E-05s
5 5.93531E-06, 1.48776E-06, 5.02256E-07, 2. 20085E-07, 8.12 76 4E-08,-

S 2.09389E-08, 7. 917 4 8 E- 10/
OATA (BLAM(1, 31sI=1,17)

$/ 1. 6 49 79 E-0 0, 3.212 83 E-01, 1 05 840 E-01, 1.90022E-02, 4.50680E-03,
'

$ 1.35059E-03, 4.6402SE-C4, 1.77849E-04, 5.86555E-05, 2.31590E-05,
$ 7.22542E-06, 1.40600E-06s 3.66400E-07, 1.58688E-07, 5 92765E-00s
5 2.16017E-00, 7.80343E-10/
OA1A (BLAM(la 4)sI=1,17)
$/ 1.8968bE-00, 4.147640-01, 1.03639E-01, 2.C1082E-02, 4.42658E-03,
1 1.42549E-03, 4.67963E-04, 1.77740E-04, 5.77599E-05, 2 79235E-05,
5 9.64535E-06< 1.50572h-06, 2 38752E-07, 3.40681E-CC, 2 76327E-08, --

5 2.228e05-06, 7.92748E-10/ - ;

'
DATA (BLAM(Is 5 ) ,1 = 1,16 )

S/ 1.85587E-00, 4.44567E-01, 1.13852E-01, 2 19628E-02, 5 16312E-03,
1 1.53095E-03, 5.23311E-04, 1.90690E-04, 5 10860E-05, 3 24598E-05,
$ 1.22247E-05, 1.15084E-06, 3.88620E-07, 2.76019E-08, 2.96448E-08,
5 7.82691E-10/
DATA (BLAM(Is 61sI=1s16)
5/ 2.60230E-00, 5 53390E-01, 1.17430E-01s 2.296e0E-02, 5.76010E-03,
$ 1.59460E-03, 5.72220E-04, 1.97920E-04, 4.03530E-05, 3.61940E-05,
s 1.16860E-05, 1.76488E-07, 2.68330E-08, 2.75715E-Oes 2.78522E-08,
S 6.07920E-10/
DATA (B1AM(Is 7),I=1,15)
$/ 1.93066E-00, 5.46034E-01, 1.3A453E-01, 2.43432E-02, 6.14342E-03,
$ 1 66642E-03, 6.04011E-04, 2.57148E-04, 7.12453E-05, 5.05745E-05,
S 1.66286E-05, 1.06053E-06, 3.17196E-08, 2 34170E-00s 1.18534E-09/
DATA (8 TAM (1, 81,I=1,15)
$/ 1.01367E-00, 4.59880E-01, 1.24126E-01, 2. 33 5 2 4 E-02, 6.69854E-03,

S 1.76473E-03, t. 43176E-04s 2.38478E-04, 7.64934E-05, 6.02412E-05s
S 3.78196E-05, 1 07271E-06, 9.82652E-07, 2.18503E-08, 8.20427E-10/
DAT/ (BLAM(Is 9 ),1= 1,14 )
$/ 1.77610E-00, 4.09978E-01, 1.33428E-01, 2.70348E-02, 0.67964E-03,
1 2 69946E-03, 4.76599E-04, 1.95245E-04, 6.91984 E-05, 8.19106E-05,
s 1.03762E-06, 2.48800E-07, 3 24306E-11, 2. 4188 9 E-12 /

,

DATA (BLAM(Is101sI=1,131
5/ 1.76149E-00, 2.83592E-01, 1. 2 2 3 65 E-01, 3.36318E-02, 1.12570E-02,

S 4 31053E-03, 1.4P404E-03, 6.87533F-05, 1.22893E-06, 1 03353E-06s
5 1~. 5 3 4 5 6 L-01, 3.6 30 28 E- 31, 1. G 06 57 F-12 /-

D eit (8 LAM (1,11),I=1,11)

5/ 1.246CIE-00. . 8 02 4 8 E- 01, 1. 474 64 E-01, 6.18521E-02, 1.56054E-02,
S 4.99222E-03, 1.7P640E-03, 8 25413E-04, e.58480E-04, 1.03618E-06,

A-21
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$ 2 06826E-07/
C
C
C ---- G AMMA P EL E ASE COEFFICIENTS IN 11 ENERGY GROUPS --------
C

. DATA (GALFil, 11,I=1,19)
$/ 2 81727E-02, 1.61475E-02, 1 24735E-02, 6.96348E-03, 1.8 77 4 4 E-0 3,
S 9.71714E-04, 1 09023E-04, 4.14073E-05, 2.04980E-05, 5 83658E-06,

,

S 3. 4 65 26 E-O R, 3 74680E-07, 7.46642E-06, 1. 312 37 E-0 8, 1.29306E-09,
S 2.28722E-11, 1.35579E-12s 7.68209E-14, 1.09613E-17/ -

D A T A . ( G AL F ( 1, 2 ) s I= 1,19 )
S/ 1.84161E-01, 1 01402E-01, 8.91371E-02, 2 66436E-02, 6.38638E-03,
S 2 05240E-03, 5.84780E-04, 1.37557E-04, 1.80822E-03, 4.74585E-05, .

5 1 53297E-06, 1.70129E-06, 2 14785E-07, 2.85053E-08, 6.34009E-08,
1 1.47132E-08, 1. 8614 0 E- 11, 3.41440E-13, 2.78360E-11/
DATA (GALF(I, 31s1=1,19)

S/ 3.79060E-02, 2.9 768 0E-0 2, 1.38500E-02, 5.70730E-03, 2.68260E-03,
5 5. 6 8 9 40E-0 4s 1 53400E-04, 9.49510E-05, 2.19780E-05, 2.46670E-06,
S 6.55250E-07, 4 19120E-00s 3 25060E-09, 1.07120E-09, 2.92050E-11,
S 1.92510E-12, 2. 4 4 0 2 0 E-13, 2.17 7 20 E-17, 5.41800E-18/
DATA (GALF(Is 4 ) , I= 1,14 )
S/ 1.54224E-02, 1.50988E-02, 8.18830E-03, 5.02757E-03, 2 94196E-03,
S 7.46236E-04, 9.33988E-05, 6 77752E-05, 9.79902E-06s 4.06647E-06s '

S 7.51465E-0A, 7.304 3 9E-12, 2. 30393E-16, 4.36459E-17/ I
DATA (GALF(1s 5 ) , I= 1,19 )

S/ 4. 0 8810E-0 3, 3.77566E-03, 1.83077E-03, 1 41679E-03, 1 00882E-03,
S 1.63591E-04,.6.12283E-05, 1 86629E-05, 6.57733E-06s 4.07153E-06,
S 3.64604E-07, 2.074 67E-08, 9. 066 40E-09, 5.35514E-11s-4.17564E-12,
S 2. 8 2216 E- 11, 2.9 3 2 99 E-15s 1 27293E-17/
DATA (GALF(1, 6),1=1,16)
S/ 7.22591E-03, 6.79147E-03s 3.49954E-03, 2.04670E-03, 1 13840E-03,
S 3.94452E-05, 2.42358E-05, 7.90396E-06, 2. 39 3 64 E-06,-4. 224 4 0E-09, -

S 2 09726E-10, 3.16494E-09, 1.53665E-09, 1.23943E-13s 4.77990E-20s
5 1.46640E-17/
DATA (GALF(1s 7),1=1,15)

$/ 5. 8 9171E-0 3, 5.67017E-03, 3.04604E-03, 1.68190E-03, 7.27511E-04,
S 2.65719E-34, 6.97154E-05, 2 46474E-06, 9.38050E-06, 4.27331E-07s
S 7.20586E-11, 4.09786E-11s 1.50575E-14, 1 78360E-22, 4.33630E-18/
DATA (GALF(Is 8),1=1,16)

S/ 3.9 9 5 71E-0 3, 3.92437E-03, 2.13233E-03, 2.05007E-03, 1.32325E-03,
S 3.le426E-04, 2.66773c-05, 5 77121E-06, 1.e4319E-06, 3.93096E-07s
5 1.56163E-07, t.10931E-11, 2.05073E-11, 7 37639E-17, 1 32823E-18s
5 1.46853E-18/
DATA (GALF(Is 91sI=1,16)
S/ 3.18297E-03, 2.87557E-03, 1 71152E-03, 1.C76262-03, 5.61154E-04,
S 1.39928E-04, 1.98783C-04, 1.19133E-06, 6.09801E-08, 1 98030E-08,
S 6.39300E-09, 4.6603eE-11, 2.47843E-14, 4.98744E-17, 1.59311E-21, *

* 5 61784E-20/
DATA ( G ALF ( I,10 ), I = 1 s 12 )
S/ 4.34612E-03, 2.76970E-03, 1 28471E-03, 1.16145E-04s 3 57022f-05,

.

S 5.59007E-06, 7.51496E-CS, 2.92101E-09, 4.09410E-13, 5.39912E-12,
S 3 15456E-13, 9.90507E-24/
DATA (GALF(1,11),I=1,10)

$/ 8.058CIE-04, 4 59189E-04, 1.28026E-04, 1.36264E-06, 4.33460E-07,

A-22
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. S 4.58600E-10, !.41039E-12, 2.32383E-14, 1.94953E-14, 8.30431E-23/
DATA-(GLAM(1, 1)sI=1s19)
5/ 2.62757E-00, 8.89029E-01, 4. 2 2 5 8 7E-01, 1.08402E-01, 4.33672E-02s
$' I.6CCC4E-02, 4.182092-C3, 7. 2 25 65 E-0 4, 5.44143E-04, 2 11393E-C4s
5 1.37534E-05, 1.37567E-05, 2 97704E-06, 8.4C208E-07, 2 69565E-07,
1 2.e0274E-08, 2.80247E-COs 8. 0 94 92 E-0 9, 1.19086E-10/ -

CATA (GLAM(1, 2 3 s I= 1,19)
S/ 2.9 3 3 60i~-00, 1.03920E-00, 4.25660E-01, 1. 36710E-01, 4.83600E-02s
$ 1.49010E-02, 3.6115 0 E- C 3, 1.02160E-03, 2.18250E-04, 1.73490E-04,.

*'
$ 3.49170E-05, 1.19200E-05, 3.29030E-06, 3.06010E-06, 1.14770E-06,

'
$ 1.14540E-07s 1. 58 230 E-O e s 1.58230E-08, 7.20110E-10/
-DATA (GLAM((, 3 ),1=1s 19 )
$ / 2.56030E-00s 3.12960E-01, 1.30490E-01, 4. 2 8 24 0 E-02, 1.4 4110 E-02,-

1 -4.97420E-03, 1. 0 49 2 0 E-0 3, 5.90630E-04, 1.97380E-04, 3.60340E-05,
S 1.6896CE-05, 2.64920E-06, 6.91700E-07, 5'69430E-07s 1.56540E-07,
S 2.17630E-08, 7.17630E-06, 6.77b20E-11, 5.55460E-11/ i

DATA (GLAM(I, 4 3 s 1=1,14 )
$/ 2.60302E-00, 5.01187E-01, 1.36406E-01, 4.35751E-02, 1.55072E-02,
1 6.91643E-03, 2. 51559 E-0 3s 3.78648E-04, 1. 29181E-04, 4.45812E-05s
S.6.31631E-07, 2 70265E-08s 9.05062E-09, 6 27813E-11/
DATA-(GLAM(1s 51sI=le18)

$/-2.55790E-00, 4.9 4 000 E-01, 1. 34 410 E-01, 3.97860E-02s 1.43250E-02,
S 5.49880E-03, 9. 3 9 9 4 0 E- C 4, 5.98660E-04, 1.73200E-04, 8.35760E-05,
S '3.84700E-05, 1.15070C-05, 2.45130E-06, 5. 31110E-07s 5.83268E-08,
5- 2.81100E-08, 1.64668E-08s 1.48020E-10/
DATA (GLAM(Is 61,1=1s16) '

S/ 2.48000E-00, 4.53430E-01, 1. 0 3040 E-01, 2.78 320E-02, 9.86430E-03,
S 2.37020E-03, 3.97880E-04, 1.27710E-04, 6464270E-05s 8.47111E-06,
5 5.98060E-07, 6.67160E-07, 5.97900E-07, 2.15 960 E-0 8, 9. 382 00E-11,
5 1.04240E-11/ T
DATA (GLAM(Is 7 ) , I = 1,15 ) - >

$/ 2.66356E-00s 5.13'075-01, 1.38354E-01, 4. 75150E-02s 1.68302E-02,
S 7.90924E-03, 3. 05 3 68 E-0 3, 1. 4 68 08 E-0 4, 3. 79582E-04, 7.59741E-05,

( S 7.66677E-07s 5. 8 2 3 8 4 E-0 7, 2.12375E-08, 2.45925E-11s-2.45775E-12/

[ DATA (GLAM(Is 8 ) s I= 1s 16 ) 1
| $/ 2.63674E-00, 5.089476-01, 1.47318E-01, 3. 95 919E-02s 1.273 92E-02,

$ 4 .17 617E-0 3, 1.46059E-03, 4. 67151E-0 4, 1.31245E-04, 1.31198E-04,
1 7.49333E-05s 9.56698E-07s 5.97448E-07, 1. 01114 E-07s 3 42943E-11,

'$ 3.16140E-12/
DATA (GLAN(1s 91,I=1,16)
$/ 2.56850E-00, 4.95990E-ci, 1.35710E-01, 3.95590E-02, 1. 3 0 3 3 0E-02,
S 5 9 5610E-03, 3.91180 E- C 3s 9. 26650E-04, , 3.09690E-04, 8. 40180E-05s
S 6.09890E-05, * .037 50 E-06, 5. 0618 0E-07, 1.72020E-07s 8.82550E-09,.

S 3.35125E-13/ h
DATA ( G L AM ( 1,10 ) , I= 1,12 ) % -

,

$/ 2.10807E-00, 2. 5174 9 E-01, 1.07055E-01. 1. 65705 E-02, 4 87316E-03,
*

s 3.12480E-03, t.684165-04s 6.78993E-04, 1.67665E'04, 1.04071E-06s
'$- 6.16916E-07, 4.87660E-06/

'

| DATA ( G L AM ( I ,11 ) ,I =1,10 )

$/ 1.85017E-00, T.69962d-01, 8.55785E-02, 1.36426E-02, 8.13130E-03,-

| $ 1. 5 4 7 21 E-0 3, 7.82246E-04, 1.06090E-06, 6.17850E-07s 6.23540E-09/
EllD'

1

Y
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BLOCK D.?T A N4llES
C,

C INIT I ALIZE F ACILITY IDENTIFIEP.S
C

COMPON. /CHD AT/ CHEAD, CTITL, CNAM1, CH AM2, CN AME (19),
A C TIMP (100), CTIMD(100), C U PWR( 100)

CHARACTER CHEAD*120, CTITL*SO, CNAM1*8, CNAM2*8, C N A PE *98
CHAFACTER CTIMP*3, CTIMD*3, CUPWR*3

. DATA CHEAD( 1 40) / 8 IRRADIATED FUEL DOSE RATE CALCULATION A' /
DAT A CHEAD(41 00) / 'T THREE FOOT DOSE POINT FDR * /

*

. DAT A CHEAD(al:120) / ' ' /
' - DATA CNAME( 1)(18161 / 'FNR STANDARDe f

DATA CNAME( 1)(17:57)/' UNIVER3ITY OF MICHIGAN FORD NUCLEAR REAC'/ -

DATA CNAME( 1)(58s98)/'TUR (FNR) STANDARD ELEMENT */
D AT A CN AME( - 2 )(1816 ) / 'FHR CONTROL * /.

DA1A'CHAME( 2)(17:57)/' UNIVERSITY OF MICHIGAN FORD MUCLEAR REAC'/
DATA CHAME( 2)(S e 903 /'TCR (FNR) CONTROL ELEMENT '/

DATA CHAME( 3)(1816) / 'GATRIGAFROD * /
DATA CNAME( 3)(17:57)/' GENERAL ATOMIC TRIGA MARK F (GA-TRIGA F)'/

i DATA CNAMEt 3)(58 98)/'' SINGLE PIN ELEMENT '/
D A T A - CN AME ( 4 ) ( 1816 ) / 'GTRR STANDARD' /

' DATA CHAME( 4)(17:57)/8 GEORGI A TECH RESEARCH REACTOR (GTRR) STA'/
DATA CNAMEt 4)(Se:99)/'NDARD_ ELEMENT 8/
D AT A CN AME t 5)(1 16) / 'MITR-II STANDARD' /
DATA CNAME(-5)(17:57)/' M ASS ACHUS ETTS INSTITUTE- OF TECHNOLOGY RE'/

: DATA CNAME( 5)(58:98)/ ' SEARCH RE ACTOR (MITR-II) STANDARD ELEMENT'/
; -DATA CNAME( 6)(1816) / 'MURR STANDARD' /
| DATA CHAME( 6)(17:57)/e UNIVERSITY OF MISSOURI RESEARCH REACTOR '/

DATA CHAME( 6)(3e 981/'(MURR) STANDARD ELEMENT '/
DATA CNAME( 7)(1816) / ' NB SR STANDARD' /
DATA _CNAME( 7)(17:571/' NATIONAL BURE AU OF STANDARDS REACTOR- (NB'/
DATA CHAME( 7)(588981/'SR) STANDARD ELEMENT '/

i DATA CHAME( 6)(1816) / '0STR RDD ' /
D ATA CNAME( 8 )(17:57) /' GREGON STATE UNIVERSITY TRIGA REACTOR (O'/
DATA CNAME( 8)(55961/'STP) SINGLE PIN ELEMENT 8/
DATA CNAMEt 9)(1816) / 'RINSC STANDARD' /

'
~

D ATA CNAME( 9)(17:57)/8 RNODE ISLAND NUCLEAR SCIENCE CENTER RE AC8/
D AT A CNAME( 9)(Se 98)/'TUR (RINSC) STANDARD ELEMENT '/

i D AT A CN AME (10) (1816) / ' TAM-NSCRSTANDARD' /
D ATA CNAME(10)(17:5 71/' TEXAS A&M NUCLEAR SCIENCE CENTER REACTOR'/<

D ATA CN AME (10 )(5 3 98 )/ * (TAM-NSCR) 4-R00 ST ANDARD ELEMENT 't
DATA-CNAME(11)(1816) / ' T All-NSCRC ONTROL * /
DATA CNAME(11)(17:57)/' TEXAS A&M NUCLEAR SCIENCE CENTER REACTOR'!
DATA CNAME(11)(50 981/' (TAM-NSCR) 3-R00 CONTROL E LEMENT 8/
D ATA CHAME (12 )(1 16) / 'UCNR STANCARD' /
DA1A CNAME(12)(17:57)/' UNION CAR 81DE NUCLE AR REACTOR (UCNR) STAe/
DATA CHAME(12)(58:46) / 'ND ARD ELENENT '/

-

D ATA CN AME (13)(1:16) / 'UCHR -CONTROL ' /
DATA CNAME(13)(17:57)/' UNION CAR 8IDE NUCLEAR REACTOR (UCNR) CON'/
D AT A CN AME (13) ( S S 98)/ 'TF.0L ELEMENT 'l .

DATA CNAME(14)(1816) / 'dVAR 12-PLATE' /
' DATA CHAME( 14 ) ( 17: 57 ) / ' UNIVERSITY OF VIRGINI A REACTOR (UVAR) 128/
' D AT A CN ANs(14) ( 5 0 8 96) /'-PL ATE ELEMENT 8/
DATA CNAME(151(1816) / 'HVAR le-PLATE' /,

,
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,

D AT A CN AME(15)( 17: 57) / 8 UNIVERSITY OF VIRGINI A REACTCR (UVAR) 18'/
D ATA CH AME (15 )(50 98 )/'-PL ATE ELEMENT of
D AT A C HAME(16)(1 16) / 'UVAR PARTIAL ' /
DATA CNAME(16)(17:57)/' UNIVERSITY OF VIRGINIA REACTCR (UVAR) PA'/
D ATA CH AME (16)( 58198 ) /'R TI AL ELEMENT 'I
D AT A CH AME(17)(1 16) / 'UVAR CONTRO L ' /
DATA CHAME(17)(17:57)/8 UNIVERSITY OF VIRGINI A RE ACT CR (UVAR) CD'/
DATA CNAME(17)(58:981/8 NTROL ELEMENT '/
DATA CNAME(18)(1816) / 'UWNR STANDARD' /~

D AT A CH AME(18)(17t S7)/ 8 IlNIVERSITY OF WISCONSIN NUCLEAR REACTOR 8/
D A TA CNAME(18)(58 981/'(UWNR) 4-ROD STANDARD ELEMENT '/
D AT A CH AME(19)( 3 s16) / 'WSUR STANDARD' /
DATA CHAME(19)(17:57)/' WASNINGTON STATE UNIVERSITY REACTOR (WSU'/-

DATA CN AME(19)(58:98 ) /' R ) 4-ROD STANDARD ELEMENT '/
END

1

1 I

e

O

6

|

l
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BLOCK DATA NUMBS
C
C IMITI ALIZE CONTROL VARI ABL ET AND FLUX-TO-DOSE CONVERSIONS
C

COMM3M / FACT R/ BTRAN(19,11), GTRAN(19,11), BFTOD(11), GF TOD(11)
COMPON /FL AGS/ H LMID, MPTIM, MDTIM, NPTIM, NOTIMs NCASE, MEDIT
C0hr0N /LIMITI NBG, NGG, NPMAXs NDMAX, LB(11), LG(11),

A .
1MINF, TMAXF, EXPLL, ERR

DATA NPTIMs NDTIPs NC AS E /0,0,1/
.

DATA NBG, HGG, NPMAX, NDN AX /11,11,100,1001
DATA L 8 /16,17 17,17,16,16,15,15,14,13,11/
DATA LG /19,19 19,14,18,16,15,16,16,12,10 /
OATA TPINF, TMAXF, EPPs EXPLL / 0.4, 1.0E+9, 1.0E-25s -675.81 / -

C
C
C -------- B E T A F L U X-T O-D O S E C O N V E R S I O N F AC T O R S -----------------------
C -------- (REM /HR) PER (MEV/CM**2-SEC) ------------------

C
CATA (BFTOD(IlsI=1s11)

A/ 1.3700E-03, 3.6200E-04, 1.6300E-04, 1.2200E-04, 9.2100E-05,
S T.4300E-05, 6 2100E-03, 4.8200E-05, 3.6200E-05s 2.8900E-05s
C 2.3000E-05 /

C
C

C ------- GAMMA FLUX-TO-DOSE CONVERSION FACTORS --- --- -----------

C ------- (REM /HR) PER (MEV/CM**2-SEC) --------- --

C
DATA (GFTOD(IlsT=1,11)

At 2.520CE-06, 2.2200E-06s 1.9100E-06, 1.7300E-06, 1.6000E-06,
8 1.5100E-06, 1.4300E-06, 1.3200E-06, 1. 200 0E-06, 1.1300E-06,
C 1 050CE-06 /

END

.

9
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SLOCK DATA TRANS
. C
C INITIALIZE ENERGY TRANSPORT FACTORS
C

COMMON /FACTR/ BT R AN ( 19,11) , GTRAN(19,11), 8FTOD(11), GFTOD(11)
C

- C

C -------- S E TA ENERG Y SOURC E-TU-F L UX AT THRE E FE ET CON VERSIONS -------
C -------- ( MEV /CM** 2-SEC ) PEP (MEV/SEC) -

C.

~ DATA (81 RANT 1, I I , I = 1,11 )

A/ 0.0000E+00, 3.2085E-06, 2.6779E-06,.2.6732E-06, 3 7042E-06,
8 5 8984E-06, 6.97 7 5 6-0 6, 4. 5 964 E-06, 9.1046E-06, 7.8851E-06,

*

C 9.3055E-06 /
DATA (BTRAN( 2,1 ) ,1 = 1,11 )

A/ 0.00COE+00, 6.4170E-06, 5.3558E-06, 5.3463E-06, 7.4083E-06,
B 6.1804E-06, 3.9396E-06, 2.5325E-06, 1.7078E-06, 4.9398E-06,
C 1.1574E-05 /
DATA (8TRAN( 3,1 ),1= 1,11 )

A / 0.0000E+00, 0.0000E +0 0, 2. 5222 E-07, 5.3366E-07, 1.0437E-06,
8 1.6448E-06, 2 2260E-06, 2.45 39 E-06, 3.2345E-06, 2.8015E-06,
C 1.4893E-06 /

DATA (8TRAN( 4, I ), I = 1,11 )

A / 0.0000E+00, 0.0000E+00, 7.8 3 39E-06, 5. 4755 E-0 6, 5.2127E-06,
8 5,8157E-06, 6.63 0 6 E-0 6, 9. 27 6 0E-06, 8.5 3 86 E-06, 7.6974E-06,
C 3 0202E-05 /
DATA (OTRAN( 5, I ), I= 1,11)
A / 0.00CCE+00, 1.7994E-06, 1.2852E-06, 4.3333E-06,-1.4968E-06,
8 3 5194E-06, 2.5778E-06, 2.2849E-06, 5.3921E-06, 6.9775E-06,
C 4.0036E-06~/
D AT A ( OTR AN ( 6,1),I= 1,11)

A / 0.00C0E+00, 4.698 0E-0 6, 5. 7725 E-06, 6.4858E-06, 8.4220E-06,
8 2.4102E-06, 3.0608E-06, 7.8754E-06, 5.5364E-06, 3.8318E-06,
C 3.7395E-06 /
OATA (OTRAN( 7,1),I=1,11)

A / 0.00COE+00, 0.0000E +0 0, 4.2795E-06, 7.1175E-06, 7.5393E-06,
8 5 7442E-06, 3.8 62 2 E-0 6, 6.1694 E-06, 6.4376E-06, 6.9432E-06,
C 5.0047E-06 /
D AT A (8TRAN( 8,I),1=1,11)

A / 0.0000E+00, C.0000E+00, 2.5222E-07, 5.3366E-07, 1 0437E-06,
i. 8 1 6448E-06, 2.2260E-06, 2.4539E-06, 3.2345E-06, 2.8015E-06,

C 1.4993E-06 /
DATA (BTRAN( 9, I ),1 = 1,11 )

A / 0.0000E+00, 5.2798E-9 6, 8. 92 58 E-07, 1.6874F-06, 2 8225E-06,
8 6.7299E-06, 2 1674E-05, 6.2458E-06, 3.5203E-06, 7.7172E-06,

i C 3.6014E-06 /
DATA ( 8 T R AN ( 10,1 ) , I = 1,11 ),

A / 0. 0 0 CO E + 00, 0. 00 0 0E + 0 0, 2. 6 29 6E-0 7, 2. 45 67 E-0 7, 9.6792E-07,

8 4.8966E-07, 1.24 2 5 E-0 6, 8.0982E-07, 1.2304E-06, 1.0265E-06,
C 1.5 354E-0 6 /

* DATA ( B T R A4 ( 11,1 ) , I = 1,11 )
A / 0.00COE+00. 0.0000E+0c, 3.5061E-07, 3.2756E-07, 1.2906E-06,
8 6.5289E-07, 1.6557E-06, 1.0798E-06, 1.6405E-06, 1.3687E-06,
C 2.04722-06 /

.

L
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DAla (STRAN(12slisI=1,11)
A / 0.0000E+00, 0.0000E+00, 7.9439E-06, 5.6275E-06, 5.3601E-06,
8 6.0428E-06, 7.02 8 2E-0 6s 8. 0 501 E-06, . 8.7 862 E-0 6, 8 1463E-06s

C 9.3512E-06 /'
DATA (BTRAN(13,IlsI=1,11)

A / 0.0000E+00, 6.8 3 0 5E-0 6, 5. 7 3 8 3E-06, 5.7662E-06, 6.1737E-06,

8 - 6. 8 7 86E-0 6, 4.15 0 3E-06, 2.6119E-06, 1.7450E-06, 1 1435E-05,
C 7.6254E-06 /

DATA ( 81R AN (14 s I l s I = 1,11)
*

A /.0.0000E+00, 5.47/1E-06, 4.6202E-06, 4.6666E-06, 5.0 59 7E-06,
8 5 7815E-06, 6 6331E-06, 1.2550E-05, 1.0891E-05, 1.0310E-05,
C 3.4242E-06 /

DATA ( 87R AN ( 15 s ! ),1 = 1s 11 ) -

A / 0 0000E+00, 3.3240E-06, 2.7850E-06, 2.7899E-06, 2.9 704E-0 6,
8 3.2789E-06, 3.5910E-06, 5 3590E-06, 4.5263E-06, 8.9985E-06,
C 6.3820E-06 /
DATA (87RAN(16sIlsI=1,11)

' A / 0.0000E + 00, 6.6478E-06, 1.5143E-06, 8.3056E-06, 2.4775E-06,
8 9.9560E-06, 3.9939E-06, 1 1586E-05, 1.1993E-05, 2.6510E-06,
C 4.0822E-06 /
DATA (8TRAN(17silsI=1,11)

A / 0.0000E+00, 6.6478E-06,-5.5699E-06, 5.5797E-06, 5.9407E-06,
8 6.5578E-06, 4.058 3E-06, 2 5780E-06, 1.7293E-06, 1.0658E-05,
C 9.1412E-06 /

DATA ( B TR A N( 18s I l s 1 = 1,11 )
A / 0.0000E+00, 0.0000E+00, 2.6296E-07, 2.4567E-07, 9.6792E-07,

4 8 4.8966E-07s 1.242 5E-06, 8. 0982 E-07, 1.2304E-06, 1 0265E-06,
C 1.5354E-06 /
DATA (8TRAN(19,1),I=1,11)

A / 0.0000E+00, 0.0000E+00, 2.6296E-07, 2.4567E-07, 9.6792E-07,
8 4.8966E-07, 1.24 7.5E-0 6, 8 0982E-07, 1.2304E-06, 1.0265E-06,
C 1.5354E-06 /

C

C
C ------- G AMMA ENERGY SOURCE-TO-F LUX AT THREE FEET CONVERSIONS -------
C ------- ( MEV / CM * * 2-S E C ) PER (MEV/SEC) --

C
. DATA (GTRAN( 1s()sI=1,11)
' A/ 8.4540E-6, 8.7E85E-6s 6.2688E-6, 8.2280E-6, 8.2243E-6,

8 8.2201E-6, 8.2157E-6, 8.20 81E-6, 8.'2 00 4 E-6, 8.1941E-6,
C 8.1875E-6 /
DATA (GTRAN( 2,1),I=1,11)

A/ 8.5 477E-6, 8. 7779E-6, 0.3431E-6, 8.3064E-6, 8.3036E-6,
B 8.3012E-6, 8.2989E-6, 8.2953E-6, 8.2927E-6, 8.2908E-6,
C 8.2888E-6 /
DATA (GTRAN( 3,1),1=1,11)4

A/ 5 1411E-6, 7 20775-6, 7.5974E-6, 7.7277E-6, 7.7337E-6, *

8 7.6776E-6, 7.62612-6, 7.5403E-6, 7.4279E-6, 7.3181E-6,
.C 7.2000E-6 /

DATA (GTRANt 4,1),I=1,11) .

At 6.5397E-6, 8.92300-6, 8.3685E-6, 8.3259E-6, 8.3223E-6,
8 8.3177E-6, Sc31276-6, 6.3038E-6, 8.2947E-6, 8.2871E-6,
C 8.279CE-6~/
DATA (GTRAN( 5,1),1=1,11)

A-28
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A/ 7.8 7 3 6E-6, 3.9897E-6s 8.2950E-6, 8.2545E-6, 8.2516E-6,
8 8 2431E-6, 8.2317E-6, 8 2099 E-6s 6.1814 E-6, 8 1562E-6,
C 8.1288E-6 / {'

DATA (GTRAN( 6,1),I= le 11) j
-A/ 7.8917E-6, 8.0212E-6, 0.1916 5-6, 8.15 3 0 E-6, 8.1499E-6,

)
8 8.1425E-6, 3.13295-6, 8 114 3E-6, 8.0905E-6, 8.0694E-6, 1

C '8.0461E-6 /
DATA (GTRAN( 7,1 ) s I = 1,11 )

!

'
. A/ 8.0532E-6, 8.5996E-6, 8.0177E-6, 7.9768E-6, 7.9733E-6s- |
'

8 7.9 67 6E-6, 7.9609E-6, 7.9485E-6, 7.9340E-6 7.9215E-6s )
C 7.9081E-6 / |

*

DATA (GTRAN( 8, I ) .- I = 1,111,

A/ 5.1411E-6, 7.2077E-6, 7.5974E-6, 7.7277E-6, 7.7337E-6,
|

-

8 7.6776E-6, 7.62615-6, 7.5403E-6, 7.4279E-6, 7.3181E-6s
C 7.2088E-6 /
DATA (GTRAN( 9,1 ) ,1 = 1,11 )

A/ 8.4266E-6, 8.9058E-6, 8.24115-6, e.1934E-6, 8 1920 E-6,
8 8 1877E-6, 3 1821E-6, 8.1717E-6, 8.1615E-6, 8 1531E-6s
C 8.1443E-6 /

DATA ( G T R AN ( 10, I ), I = 1,11 )
At 3. 4 67 5 E-6, 5.7263E-6, 6.1812E-6, 6.3901E-6, 6.4560E-6,
8 6 4251E-6, 6.3903E-6, 6.3151E-6, 6.1957E-6, 6.0671E-6,
C 5.93546-6 /
DATA (GTRAN(11,1),I=1,11)

A/ 4.4957E-6, 6.7043E-6, 7.0370E-6, 7.2332E-6, 7.2524E-6,
!

8 7 2019E-6, 7.1537E-6, 7.0695E-6, 6.9545E-6, 6.8397E-6,
C 6.7245E-6 /
DATA (GTRAN( 12,1 ) .1= 1,11 )

A/ 6.4440E-6, 0.8222E-6, 8.2791E-6, 8.2371E-6, 8. 23 3 5 E-6s4

- 8 8 2289E-6e 8 2230E-6, 8.2150E-6, 8.2057E-6, 8.1980E-6,
C 8 1898E-6 /

D A T A ( G T R AN ( 13, 3 ) . I= 1,11 )
*

A/ 8.5819E-6, 9.8183E-6, 0.3842E-6s 8.3478E-6, 8.3447E-6s
8 8.3421E-6, 9.3396E-6, 8.3355E-6s 8.3322E-6, 8.3296E-6s
C 6.3268E-6 /
DATA ( GT R A'l( 19, II,I 1,11).

A/ e.5182E-6, d.7572E-6, 8.3368E-6, 8.3019E-6, 8.2980E-6s
8 8.2947E-6, 9 2916E-6, e.2865E-6, 8.2812E-6, 8.2768E-6s'

C 2.2719E-6 /
DATA (GTRAN(15,1),I=1,11)

A/ 8.4358E-6, 0.7991E-6 8.270BE-6, 8.2300E-6, 8.2262E-6,.
'

8 f.2218E-6, e.2169E-6, 8.2085E-6, 8.1997E-6, 8.1923E-6s
C E.1845F-6 /
DATA (GTRAN( 16,1),1=1,11)

A/ B.4480E-6, 8.0118E-6, 8. 2223 E-6, 0.1769 E-6, 8 1743E-6s
8 8.1703E-6, 8.16 57 E-6, 8 15 78E-6, 8.1506E-6, 8.1450E-6s

' '
C 8.1391E-6 /

DATA ( G T R AH ( 17,1 ) . != 1,11 )
A/ 6 5432E-6, 8.7944E-6, 8.3452E-6, 8.3081E-6, 8.3053E-6,

.- 8 8.3028E-6, 3.3092E-6, 8. 29 59 E-6, 8.2926E-6, 8.2899E-6,
C e.287CE-6 /
DATA (GTRAN(18,I),I=1,11)

A/ 3 4675E-6, F.7263E-6. 6.1812E-6, 6.3901E-6, 6.4560E-6,
8 6 42 51E-6, 6.3903E-6, 6.3151E-6, 6.1957E-6, 6.0671E-6s

A-29
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C 5.9354E-6 /
DATA (G1 RAH (19sIls1=1,11)

'A/ 3.4675E-6, 5. 726 3E-6, - 6.1912 E-6, 6.3 901E-6, : 6. 45 60E-6,

8 6.425tE-6,'6.39030-6, 6.3151E-6s 6.1957E-6, 6.0671E-6,
C 5.9354E-6 /
'END

..
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L ' APPENDIX B
, - FUELDR USER'S GUIDE

' Program flow for FUELDR is illustrated sche- FUELDR input consists of a title card, a control . ;

, - matically in Figure B-1. User supplied input data card, one or more power step cards, and one or
is processed by subroutine RDINP. Subroutine more optional decay time cards. Table B-1 contains3 .

' MATCH checks the input facility name and element detailed variable and input format descriptions.-
,;. ,. type and flags.the appropriate set of effective Change cases require only a title card and control

transport factors.: Some initial input checking is card if the previously specified power history and'

done in RDINP and in MATCH. More extensive decay time data are to be used.
input checking is done in CKINP and units conver-

f*~ sions are performed. if errors are detected, control Any power history may be represented by a series
- is passed to subroutine ERRS for issuance of a of constant power steps. The only restrictions are
- diagnostic message and the problem is terminated. that the total number of steps not exceed 100 and
- Subroutine TLOAD is used to initialize decay times that the total decay time from the end of any power

9if one of the default sets has been requested. step not exceed 10 s. The minimum decay time*

should not be less than 0.4 s.
Subroutine EDINP produces an edit of the power

history model constructed from user input. The step At short decay times, dose rates are sensitive to -
length, power level, fission rate, and step exposure both the total exposure on the element and to thei

are listed for each power step. Cumulative expo- . details of the irradiation history that generated that
: sures and irradiation times are also listed. EDINP total exposure. With increasing decay time, the dose

'

, also produces'an edit of the user input or default rate remains sensitive to the total exposure but the
' decay times. All decay times are referenced to the manner in which that exposure was accumulated be-
end of the last power step. comes less significant.

Subroutine DRCAL manages the dose rate cal- In many cases, modeling only the last few times
culation by reconciling the different effective decay at power is adequate to verify the element is self-
times for each power step and performing successive protecting for some specified period. Very simple
calls to UFYLD for each power step-decay time constant power irradiation history models may be
combination. Subroutine UFYLD determines beta used for exposures accumulated in the distant past.
and gamma energy yields resulting from a unit fis-
sion rate over the specified power step length. The The entire exposure for some past time interval
multigroup energy yields are then normalized by the may be modeled as a burst either at the beginning
total fission rate in the power step. or at the end of that time interval. The calculated

dose rates from these two cases will envelope the
Subroutine EDOUT edits the calculated dose actual dose rate. In general, these simple power

rates at the 3 ft (91.44 cm) dose point. The total history models may be used with little error if the
gamma, total beta, and the sum of total beta and decay time is long compared to the length of the
total gamma dose rates are listed for each decay irradiation interval.
time. Depending on the edit option selected, an
energy release rate edit may also be produced. Table B-3 contains input listings for several sam- )

, . Multigroup edits of the beta and gamma dose rates ple problems. Sample problem A models a Rhode
and energy release rates may also be requested. Island Nuclear Science Center element irradiation.

One of the default decay time sets is used and full

.
The fission product impulse source function coef- output editing is requested. The irradiation is mod-

." ficients are initialized in BLOCK DATA COEFS. eled as a single eight hour irradiation step at
Effective gamma and beta energy transport factors 65 kilowatts. The default energy per fission value
for each of the element types are initialized in (200 MeV/ fission) is used.
BLOCK DATA TRANS. Facility names and ele-
ment types are initialized in BLOCK DATA Sample problem BI models a one hour irradia- I
NAMES. Beta and gamma flux-to-dose conversion tion at one kilowatt for the University of Virgit:ia
factors and miscellaneous control variables are in- Reactor 12-plate element. A default decay time set
itialized in BLOCK DATA NUMBS. is used and only the dose rate summary edits are

B-3
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Figure B-1. FUELDR program flow.
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Table B-1. FUELDR input description

CARD A: TITLE CARD - FORMAT (80Al)

' Columns Variable Description

_l - 80 CTITL Case title of up to 80 characters. May be blank.,

,

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

- Columns . Variable Description

-1 .8 CNAMI Left justified facility identifier from Table B-2

9 - 16 CNAM2 Left justified element identifier from Table 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.

7- I for 32' times (1, 2, 3,5, .. 5 x 10 s)

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

- 3 for 24 times (0.1 to 600 minutes)

- 4 for 24 times (0.1 to 240 hours)

- 5 for 32 times (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-

= I to also edit energy release rates
,

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

B-5
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Table B-1. (continued)

CARDS C: POWER STEP CARDS . FORMAT (I4,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; I '

~ 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",
" MIN", " HRS", " DAY", " YRS", or " "

.

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 ",
"W " " KW", "KW ", " MW", or "MW ".,

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 (5(E12.5,1X,A3))
(MDTIM entries; none if MDTIM s 0)

.

Columns Variable Description

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(j) 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.

B-6
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Table B-2.' Keyword identifiers for renarch reactor fuel types

Facility Element Description

FNR - STANDARD University of Michigan Ford Nuclear Reactor

FNR CONTROL . University of Michigan Ford Nuclear Reactor
..

GATRIGAF ROD General Atomic TRIGA Mark F Reactor

.GTRR STANDARD Georgia Institute of Technology Research Reactor.

MITR-il STANDARD Massachusetts Institute of Technology Research
Reactor

MURR STANDARD University of Missouri Research Reactor

NBSR STANDARD National Bureau of Standards Reactor

OSTR ROD Oregon State University TRIGA Reactor

RINSC STANDARD Rhode Island Nuclear Science Center Reactor

TAM-NSCR STANDARD Texas A&M University Nuclear Science Center Reactor

TAM-NSCR CONTROL Texas A&M University Nuclear Science Center Reactor

UCNR STANDARD Union Carbide Nuclear Reactor

UCNR CONTROL Union Carbide Nuclear Reactor

UVAR 12-PLATE University of Virginia Reactor

UVAR 18-PLATE University of Virginia Reactor

UVAR PARTIAL University of Virginia Reactor

UVAR CONTROL University of Virginia Reactor

UWNR STANDARD University of Wisconsin Nuclear Reactor

-WSUR STANDARD Washington State University Reactor
.

requested. Cases B2, B3, and B4 model the same Sample problem D illustrates modeling for a power
irradiation for three other element types in use at history consisting of multiple irradiation steps. The,

that facility using the change case feature. 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,

Sample problem C illustrates a one megawatt-
second pulse modeled as a one second step at on. Output from execution of the sample problems
megawatt. The energy per fission is specified and shown in Table B-3 is included in the microfiche
three decay times are specified. envelope attached to the back cover.
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Table B-3. FUELDR sample problems.

1 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 0
SAMPLE PROBLEM B4 UVAR CONTROL ELEMENT AT ONE KW-HOUR-

UVAR CONTROL 0 0 0
SAMPLE PROBLEM C ONE MEGAWATT-SECOND PULSE-

70STR R0D 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 0
1 8.0 HRS 1.25 MW
2 16.0 HRS 0.00
3 8.0 HRS 1.25 MW
4 16.0 HRS

~5 0.0 HRS -1.25E+06 W
6 16.0 HRS

7 8.0 HRS 1.25E+06 W
8- 16.0 HRS

9 8.0 HRS 1.25E+06 W
10 16.0 HRS
11 8.0 HRS 1.25E+03

.

9
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