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ABSTRACT

In the past, forward-adjoint coupling proceduresin air-over-ground geometry havetypicaly involved
forward fluences arising from a point source agreat distance from atarget or vehicle system. Various
processing codeswere used to createlocalized forward fluencefilesthat could be used to couplewith the
MASH-MORSE adjoint leskages. 1nrecent years, radiation plumesthat result from reactor accidentsor
smilar incidents have been modded by others, and the source space and energy distributions asafunction
of time have been caculated. Additionaly, with the point kernel method, they were ableto caculatein
relatively quick fashionfree-field radiation dosesfor targetsmoving within thefluencefield or for Sationary
targetswithin thefield, the time dependencefor thelatter case coming from the changesin position, shape,
source strength, and spectraof the plumewithtime. Thework described herein appliesthe plume source
to the MASH-MORSE coupling procedure. The plume source replaces the point source for generating
the forward fluences that are folded with MASH-MORSE adjoint |eakages.

Two typesof source calculations are described. Thefirstisa'rigorous' caculation usng the TORT
code and aspatidly large air-over-ground geometry. For eachtime step desired, directiond fluencesare
calculated and are saved over a predetermined region that encompasses a structure within which it is
desired to calculate doserates. Processing codes then create the surface fluences (which may include
contributions from radiation sources that deposit on the roof or plateout) that will be coupled with the
MASH-MORSE adjoint leakages. Unlikethe point kernel cal culations of thefree-field doserates, the
TORT calculationsin practiceincludethe effects of ground scatter on dose ratesand directional fluences,
athough the effects may be underestimated or overestimated because of theuse of necessarily coarse mesh
and quadraturein order to reduce computationa times. The second source calculation uses apoint kernel
like method to calculate directional fluences at points surrounding user-specified detector and structure
locations and folds those fluences with MA SH-MORSE adjoint leakages to calculate free-field and
shielded fluences and dose rates and the indicated protection factors.

Both source cal cul ation methodsweretested for determining doserates at specified locationswithin
atwo-story concrete building. For two early time steps, resultsfrom the second method are 50 to 60%
higher than those from the first method, but the protection factors differ by only afew percent. This
indicatesthat the free-field and shiel ded fluence spectraare smilar and differ mainly in magnitude. Other
comparisons were made, and from the comparisons there was aperceived underprediction by TORT.
That underprediction can be attributed to the coarse mesh and quadrature used in the calculations. The
second method, while not rigorously correct, requires much less computer time for areasonably good
estimate of the shielded dose rates within a structure.
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1.0 INTRODUCTION

For aspan of more than thirty-five years,*® much effort has been expended toward the calculation
of shielded fluences, doserates, or reaction rateswithin so-called “targets’ such asbuildings, armored
vehicles, and other structures or objects due to point radiation sources situated in low-density media
(usualy air, air-over-ground, or void in the case of Ref. 1) at large distancesfrom the objects. It hasbeen
found that economical solutions can be obtained by separating the probleminto three parts. Inthefirst part,
the geometry isamplified by removd of the target from the geometry, and a source cdculaion is performed
with atwo- or three-dimensiond discrete ordinates code sarting from afirg-collision sourcefile. For the
caseof atarget in air-over-ground medium, only air and ground mediaareincluded in the geometry for this
problem. For the point source, thiscal culation yiel ds space-dependent free-field fluencesfor each group
inthe chosen energy range. Alsoincluded inthispart of the calculationisthe preparation of the equivaent
source file and other filesthat will be used in the third part of the problem. In the second part of the
problem, an adjoint Monte Carlo calculation is performed in alocalized and generdly complex geometry.
The adjoint source consists of apoint source at the detector location and each energy group has asource
strength of 1.0. Any response function (adjoint source spectra) may be used, but the unit sourcein each
group dlowsfor more uniform sampling in energy. For each leakage event, both the source and leakage
energy group numbersarewritten dong with other parametersto an event file. Thisenablesthecaculation
of differential spectraaong with integral quantitiesat the detectors. Thethird part of the problem (the
coupling ca culation) determinesthe correspondences between the ca cul ationsin thefirst and second parts
of theproblem (i.e. the spatia offsets and orientations) and foldsthe forward fluences and adjoint leakages
to cdculate the shielded detector response. Then shielding protection and reduction factors are ca culated
based on the free-field and shielded dose rates at the detector. Theinitia coupling code, DRC,® used
directiona fluencesthat varied only in one spatia dimension. Subsequent extensionsof the code added
more detailed spatia representation of the directiond fluences. These code extens ons accommodated the
newer methods and retained the DRC method through the use an input parameter idos that causes the
appropriate parallel coding to be executed.

Recently, studies of the airborne trangport of radiation plumes and the free-fild dose rates that result
therefrom have been conducted. A seriesof codes’ is used to model radiation dispersal in plumesresulting
from nuclear accidents of various origins (such as reactors, nuclear processing plants, and weapons).
Sources (mainly photons) resulting from airborne and ground-deposited radioi sotopes are combined by
the GENMA SH code™ into energy groups, and source arrays are created asfunctions of time, space, and
energy. Thesedatacan then beintegratedin point kernel fashion to give free-field doserates at selected
locations. Unfortunately, theenergy spectrum at the detector isnot obtained when the point kernel method
isused. Thiswasidentified asa problem when adesire was expressed for using the plume sourcein place
of the point sources previoudly used in air-over-ground forward-adjoint coupling calculations. Two
methods, one rigorous and one approximate, were devel oped for implementing the plume source in the
coupling scheme.



Section 2.0 describesthe rigorous method devel oped initially and resultsfor test problems, while
Section 3.0 describesthe less time-consuming approximate method. Section 4.0 presentsthe conclusions.
In addition, gppendicesincludeinput descriptionsfor the various codes and thefile formats used or created
by the various codes.



20RIGOROUSMETHOD -- COUPLING INDIRECTLY WITH PLUME
SOURCES

2.1 Description

Therigorousmethod of solving aproblem with a plume source required an ateration of the form of
theforward fluencefile that one inputsto the coupling code. Firg, the genera nature of the plume source
necessitates that a three-dimensiona (3-D) discrete ordinates calculation be performed to obtain the
free-field fluences. The TORT 3-D discrete ordinates radiation transport code™! was used for these source
calculations. The GENTORT code™? was used to prepare the sourceinput for the TORT code from the
GENMASH digtributions. The energy structure of the source was changed from that of GENMASH to
that of TORT. Postprocessing codes TORSET, PLATEQ", and VIST3DP® were used to prepare
directiona fluencefiles (with or without plateout on the top of the structure) and free-field fluence files
needed for the coupling calculation. Because of thelargefilethat would result if fluenceswere saved for
al the TORT mesh points, the mesh for which the directiond fluenceswere output by TORT were confined
to areatively smadl patch region of the geometry. A second calculation, aMASH-MORSE adjoint Monte
Carlo calculation that isthe samefor both the rigorous and approximate methods, was al so performed.
The coupling cal culation used the code DRC3SRF® (ltered from apreviousfolding code, DRCZ) to fold
the forward fluences with the MASH-MORSE®>"® adjoint leakages. Since the TORT and
MASH-MORSE energy group structures were different, it was necessary to change the source group
structure from the TORT structure to the MASH-MORSE structure prior to coupling in DRC3SRF.

2.2 Testing of the Method

Asgtated above, the coupling cal culation was performed using the DRC3SRF code, whichincludes
severd folding options selected by theinput parameter “idos.” The DRC3SRF folding method (input
parameter idos=2) was tested using three sample problems. For each problem, dose rates were
determined for detector |ocationswithin multistory concretebuildings. Thecompositionsof dl thematerid
mixtures appearing in the building geometries are given in Table 1.

221 Test Casel

The method wasfirst tested by comparing calculated shielded doseratesat ten locations withina
two-story concrete building.

2.2.1.1 Source A fictitious plume sourcewas used, and the spatia extent of that sourceisdescribed
in Table 2. The energy spectrum of the source was given by

S(E) " 1.4 x 10 x g&LiE



wherethe photon energy, E, hasunitsof MeV. Thefunction S(E) iseasly integrated over the group energy
bounds to give the source in each energy group:

EZ

o S(E)IE ™ 1.273 < 10" x (e A )

El
where E; and E, are respectively the lower and upper energy boundaries (MeV) of the energy group.

2.2.1.2 Building The dimensions of the two-story building extend from 0.0 to 1737.36 cminthe X
direction, from 0.0 to 1463.04 cmintheY direction, and from 150.0 to 640.08 cm in the Z direction
(Z=0.0cmisat ground level). Thefloorsand roof consist of 10.16-cm-thick reinforced concrete dabs,
the second floor and roof being supported by 10.16-cm-wide x 30.48-cm-high reinforced concrete beams
running along the X dimension. Eachfloor isdivided into four officesand acentra halway that runsaong
theY dimension. Thewallsare composed of 30.48-cm-thick masonry blocksand are represented in the
modd by reduced-density ordinary concrete. Each office has one window on each outsde wall bordering
it and adoor adong theinterior halway. Thewindows and doors are model ed with the same thicknesses
asthewadlls. Thewindows are represented by low-densty silicon dioxide and the doors are represented
by alow-density steel material. Figure 1 showsadrawing of the building with the windowsand doors
pictured asvoid for easy viewing in thefigure. Figure 2 shows the building with the roof removed, and
Figure 3 shows aplanar dice through the building and small rectangles at the X-Y coordinates of the
selected detector pogitions (five on each floor). Thedetector X-Y coordinates are the same on both floors.
The detector position labeled number 1isin front of awindow and wasintended to be facing the source.
However, because the source moves aong the negative X axis, the detector isactudly turned away from
the source. Likewise, detector 2 isshielded by awall andisaway from the source. Detector 3isinthe
hallway while detectors 4 and 5 are behind doors in adjacent offices and were intended to be the most
heavily shielded locations away from the source. The detectors could have been oriented asintended
through a 180E rotation of the TORT free-field geometry about the origin during the source calculation.

2.2.1.3 Calculations. A 15-photon-energy-group, S;oP; TORT free-field cal cul ation was performed
using thefictitioussource, and ten 23-photon-group (DABL69Y group structure) MASH-MORSE adjoint
ca culationswere performed, onefor each detector location within the building. For each MASH-MORSE
caculation, 2,000,000 historieswerefollowed. Calculationsof doseratesat detector locationswithinthe
building were performed by two methods. Both methods depend on TORT free-field fluences on exposed
surfaces of the building. Inthefirst method, abuilding calculation is performed using TORT and the
free-fidld fluencesdescribed above. ThisisaTORT-forwardto TORT-forward (TORT-TORT) coupled
calculation. The secondary TORT calculation used an S quadrature and P; Legendre polynomial
expang ons of the scattering cross sections. The second method couples TORT-forward free-field fluences
to MASH-MORSE adjoint leakages (TORT-MASH); DRC3SRF performsthe coupling for the latter
method. Seventy TORT-MASH coupling cases were performed (seven time steps and 10 detectors).
Boundary fluencesfromthe TORT free-field cal culation were converted to the 23-group structure (idif=1)
in order to avoid rerunning the MA SH-MORSE cases with the 15-group structure.

4



It was later discovered that some of the materialsin the building were incorrectly placed in the
geometry model in both the TORT and MASH-MORSE cdculaions. Thear and ground mixtures were
correct. However, the floors, roof, and supports should have been rebar concrete instead of portland
concrete; the walls should have been concrete block instead of steel; and the door and window mixtures
should have beenthose shownin Table 1 instead of rebar concrete and concrete blocks, respectively. So,
whilethe problem solved was not the one intended, both TORT-TORT and TORT-MASH calculations
were performed using the same incorrect materials. Hence, the results should be comparable.

2.2.1.4 Results. Comparisons were made of fluences and dose rates calculated using a
forward-TORT to forward-TORT coupling (TORT-TORT) and those obtained using aforward-TORT
to adjoint-MASH-MORSE coupling (TORT-MASH). The source (surface fluences) for the second
TORT calculation inthe TORT-TORT sequence was prepared in the same manner as the source was
prepared for the TORT-MASH coupling except for the file header records and the number of spatia mesh
points (fewer were needed in the TORT-M A SH case because interpol ation was used to ca cul ate fluences
a al other patia locations). Coupling caculationswere performed both with and without plateout sources
ontheroof of thebuilding. Thedirectiond fluences dueto plateout were calculated Smply by dividing the
source strength by the cosine between agiven direction and the surfaceinward norma. Resultsare shown
in Table 3. Except for two positions on the first floor, the agreement between results from the
forward-forward and the forward-adjoint coupling is generdly good to excdllent. For the two resultswith
the greatest disagreements (position 3 for sources A and B), Smilar resultswere obtained for building roof
sourceswith or without theinclusion of plateout sources. Even someresultswithrelaively largefractiona
standard deviationsarein good agreement. |n addition, the results show the effect from the roof plateout
source to be up to 10% on thefirst floor and up to 25% on the second floor. Results from this problem
provided assurance that the coupling procedure was correct and could be gpplied to amore redistic plume
source.

222 Test Case?2
The next test of the coupling procedure involved a more realistic GENMASH plume source.

2.2.2.1 Source. The code GENTORT cdculated TORT volumetric sourcesfor each of the seventime
gteps characterizing the GENMASH sourcefile. Input ingtructionsfor GENTORT aregivenin Appendix
A. The GENMASH source for thistest case was one due to amodeled hypothetical reactor accident
lasting three hours, and the source file included data on the radiation distribution for severd times after the
accidentinitiation (1.0, 2.0, 3.0,4.4,5.8, 7.2, and 10.0 h). The GENM A SH source geometry extended
from 180 kmto +1 kmin X, from 16 kmto+6 kminY, and from O kmto +0.2 kmin Z. The accident
occured at the origin (X=0.0 and Y =0.0) with time-dependent rel eases between 0 and 3 hours. A strong
unidirectional wind moved the radioactive materials downrange (i.e. along the negative X axis). The
GENMASH group structure consisted of 18 photon groups'® with energiesranging from 10 keV to 14
MeV (seethethird column of Table 4), and the source was regrouped into another photon 18-group



structure (TORT group structure™®) shownin the fourth column of Table4. Sincetherewasno sourcein
the energy range above 5.0 MeV, the top three groups of the TORT group structure were eliminated to
produce a 15-group structure having amaximum energy of 5.0 MeV. Notethat thereisno sourcein the
top five GENMASH groups which also have energies above 5.0 MeV. The TORT free-field geometry
extended from 12kmto+2kmin X, from '1kmto+1kminY, andfrom !50.0cmto+1 kminZ. The
mesh consisted of 96 x 55 x 35 mesh cells. Theorigin of the TORT system was placed at (8.0 km, 0.0
km, 0.0 km) in the GENMASH geometry. The mesh-edge sourcefile option was selected. Figures4 and
5 show typical plume source distributions, and Figures 6 and 7 show one-dimensional distributions
(integrated over two spatia dimensions) of the total and ground sources along the X direction. The
airborne source, which is not shown separately in these figures, is high near thereactor location at t=1.0
h and shiftstoward 180.0 km at |ater times and completely disappears between 5.8 h and 7.2 h after the
accident. The ground source peaksinitidly near thereactor but is nearly uniform from 110.0 kmto 180.0
km after 4.4 h.

2.2.2.2 Building. Thebuilding isthe same asthat described in Section 2.2.1 except for the corrections
that were made in the materia specificationsin MASH-MORSE.

2.2.2.3 Calculations. TORT 15-photon-group free-field calculations were performed for the
converted GENM A SH sources at the seven time steps, and boundary fluenceswere saved at the surfaces
of the building to be used later in coupling calculations. The TORT calculationswere run using an Sg
symmetric quadrature, a15-group photon energy structure (E <5.0 MeV), and aP; Legendre polynomia
expansion of the scattering cross sections. Following the completion of the TORT calculations, the
directional fluence files were processed and optionally enhanced by contributions from roof plateout
sources, and the adjoint leakages and forward fluences were fol ded together to give doserates at the ten
detector locations used in the previous test problem. Adjoint MASH-MORSE calculations were
performed for ten detector locationswithin the building after the materia specificationswere corrected (see
Section2.2.1.2). TheseMASH-MORSE cal cul ations used the same photon energy structure (15 groups)
asthat used inthe TORT calculations. For each MASH-MORSE calculation, 2,000,000 photon source
historieswerefollowed. Seventy coupling caseswere performed with DRC3SRF (seven time stepsand
10 detectors). Calculation timeswere 725 to 800 min for the TORT calculations, 61 to 82 min for the
MASH-MORSE cdculations, and 0.25to 0.5 min for the DRC3SRF coupling calculations. TheTORSET
and VIST3DP cd culationsthat processed the output TORT boundary fluences (to be used by DRC3SRF)
used a combined total of about 4.5 seconds.

2.2.2.4 Reaults. Photon doseratesinside the building asafunction of time and detector position are
showninTable5. Thefree-field doserates(i.e. the dose ratesthat one calculates at the detectorsin the
absence of abuilding) are shownin Table 6, and the dose-rate protection factorsareshownin Table 7.
The dose rates show about the same trend for all detectors, rising dightly for the first three hours of the
accident, falling somewhat morethan two orders of magnitude about one hour after the accident stopped,
and fdling off dowly with time beyond 4.4 h. For thefirst floor, protection factors rise dightly during the
first three hours of the accident, dip somewhat after shutdown, and slowly rise at later times. The



second-floor resultsare smilar except the protection factors rise after shutdown instead of dipping asthey
didfor thefirgt-floor detectors. There are no independent results against which to compare theseresults.
However, results from the first test problems give confidence that the results are reasonable.

2.2.2.5 Sengtivity. The sengitivity of the TORT calculationsto the spatial extent of the source was
tested. The TORT calculationswere performed over afraction of the GENMASH geometry, and the size
needed for the TORT geometry was determined using one-dimensiond calculations. Inthosecalculations,
an airborne source volumewas added to aspherica geometry until the fluence at the center of the sphere
stopped increasing. From those results, it was determined that 2 x 10° cm (2 km) of air with source was
aufficient. Thus, the TORT geometry extended from '2 kmto +2 kmin X. For time step 1, an additiona
TORT cdculaionwasrun with the geometry extending from 13kmto+3kmin X. Themaximum increase
in the free-field dose rates was 0.0026%. Hence, the smaller TORT geometry was deemed to be of
adequate size.

A second sengitivity study examined the effect of the perturbations made to the sourcein theregion
occupied by the building. Free-field and shielded dose rates were examined for perturbed and unperturbed
sourcefields. If theperturbation of the source causes minor changesto the doserates, then the free-field
TORT calculations can be performed without cons deration of the presence of the building or any other
perturbation. The source perturbation wasimplemented by redistributing the source in the space occupied
by the building mockup uniformly inthe mesh cells surrounding the building and distributing the ground
source asavolume sourcein the mesh cellsin the plane abovetheroof. If the source perturbation can be
ignored, then the ground source could easily be added to the roof boundary fluence prior to folding with
the MASH-MORSE leakages. The comparisons of the shielded dose rates showed dose rates from the
unperturbed field to be 2.2 to 8.3% lower on thefirst floor and 1.1 to 4.2% lower on the second floor.
Thereismore source entering the building mockup in the perturbed case because about haf of theisotropic
source, redistributed into theinterval ssurrounding the building, isdirected into thebuilding. That increases
the fluence that is folded with the MASH-MORSE |eakages.

Whileshielded doseratesweredl lower for the unperturbed fidd, the effectson thefree-field fluences
weremixed. For thelocation inthe ground beneath the building mockup, the doserateis about 10% higher
for the unperturbed field. Doseratesin the ground away from the building mockup differ little. The dose
rate at a point within the building mockup and dightly above the ground is about 9% higher for the
unperturbed field. For locationsjust outside the building mockup, dose ratesfor the unperturbed field
ranged from 2% lower to 7% higher, most likely due to the assumption of auniform redistribution around
the building rather than adigtribution like that for the intervaswell outsidethe mockup. Doserates above
the roof were 1.4% lower to 1.5% higher for the unperturbed field.

Overdl, it appearsthat the unperturbed free-field fluenceswill be adequatefor calculating doserates
within buildings. So, if enoughdirectional fluencesareretained (i.e. over alarge enough spatial extent),
doserateswithin the building may be obtained for any positioning of the building that |eavesit withinthe
extent of the fluence field.



2.2.2.6 GENMASH vs TORT Free-Field Dose Rates. The GENMASH code cal cul ates sources as
well as dose rates due to those sources, and TORT uses reformatted GENMA SH sourcesto calculate
free-field fluencesin an air-over-ground geometry. The dose-rate caculations performed by GENMASH
use dose factors from |CRP Publication 51%° and " Geometric Progression Gamma-Ray Exposure Buildup
Factor Coefficients' from ANS/ANS6.4.3,2 while TORT initialy used ANSI standard dose factors from
the SCALE library.?® Dose rates were recomputed from TORT scalar fluences using dose factors
converted fromthe ICRP data. Results were compared to GENMASH vaues and are shown inthe Table
8. For the single spatial location, TORT results are up to 40% below the GENMASH results.

2.2.2.7 Computation Time. The TORT calculationsreferred to above ran on IBM RISC/6000-590
workstations and in general required long computation times (from 700 to 800 minutes for the coarsest
mesh and quadrature used to over 1600 minutesfor the finest mesh and quadrature used). Thetota CPU
timefor theseven TORT 15-photon-group cal culationswas more than 5400 minutes (3.75 days). About
670 minutes of CPU time were used to perform the ten two-million history, 15-photon-group
MASH-MORSE calculations, and about 36 minutes were used for the folding. Thus, the total time
expended was more than 6100 minutes (4.24 days). Obvioudy, the TORT calculation times may be
consdered excessivefor thedesired applications. Hence, asmpler, lesstime-consuming, aternate method
was sought. Thismethod is described in Section 3.0.

223 Test Case3

A final test case involved the calculation of protection factors at two detector positions within a
ten-story concrete building.

2.2.3.1 Source. The sourceis described in Section 2.2.2.1.

2.2.3.2Building. Theten-story building, shownin Figure8,is3657.6 cmlong (X direction), 1828.8
cmwide (Y direction), and 3187.7 cm high (Z direction). Floorsand wallsare 10.16 cm thick, and there
arewindow openingsinthewalls. Themode asoincludesaground region that is5486.4 cm long, 3657.6
cm wide, and 914.4 cm thick.

2.2.3.3 Caculations. Adjoint MASH-MORSE cal culations were performed using both coupled
neutron and photon and photon-only DABL 69 cross-section libraries. Detectorswerelocated inaha lway
corner (X=1840.74cm, Y =30.48cm, Z=1454.7cm) and at the center of the building (X=0.0cm, Y =0.0cm,
Z=1454.7cm) for the two MASH-MORSE adjoints. Four of the TORT cases described in Section
2.2.2.3 werererun (1.0, 3.0, 5.8, and 10.0 h) after minor changes were made in the spatial mesh in order
to accommodatethelargeten-story building (Section 2.2.3.2) within therevised and extended directional
fluence patch boundaries. Aswithtest case 2, directiond fluencefileswere prepared for coupling with the
MASH-MORSE adjoints. Fluences and dose rates inside the building were cal culated both with and
without a plateout source on the roof.




2.2.2.4 Results. Results for the coupled adjoints are shown in Table 9 for a detector located in a
hallway corner (X=1840.74cm, Y=30.48cm, Z=1454.7cm) and in Table 10 for adetector located at the
center of the building (X=0.0cm, Y=0.0cm, Z=1454.7cm). Resultsfor the photon-only adjointsare shown
in Table 11 for adetector located in ahalway corner and in Table 12 for a detector located at the center
of thebuilding. For thesecalculations, the adjoint sourcewasnonzero only for photonswith energiesbel ow
5.0 MeV, athough adjoint |eakage was scored for all remaining groups of the coupled or photon-only
structure. Of more than 180,000 leaking particles for the coupled cases, only about 18,000 (or about
10%) actualy contributed to the calcul ated shielded fluences and doses. For the photon-only cases, about
one-third of theleaking particles contributed to the fluences and doses. Theresultsin Tables9 and 10
show lessthan 10% variation in the protection factorsamong the four dosefunctionsfor any timestep. The
highest calcul ated protection factors are those for timet=3.0 h. The tables a so show that the plateout
source on theroof contributeslittle in the first two time steps and about 2.5% in the last two time steps.
Uncertaintiesin the spectrafor the coupled cases were less than 10% for al except the last three groups
(E<45keV). Theuncertainty for group 67 was about 14% whileit was about 51% for group 68, which
contributeslittleto the shielded fluencesand doses. Group 69 had no contribution. Theresultsin Tables
11 and 12 dlicit conclusonssimilar tothosefor Tables9 and 10. However, uncertaintiesare greater than
10% for thelast four groups (E < 70 keV) and differencesin the protection factors between the coupled
and photon-only cases are greater for the centered detector (12 to 20%) than for the off-center detector
(upto 4%). Additionaly, for thelast two time steps, the plateout source on the roof contributes 2.2% to
the fluence but less than 1.5% to the dose rate.







3.0 APPROXIMATE METHOD -- COUPLING DIRECTLY WITH
PLUME SOURCES

3.1 Description

A method of coupling directly with a plume source (input parameter idos=3) was developed in an
effort to reduce the overal computation time required to produce the directiond fluencesto befolded with
the MASH-MORSE adjoint leakages. The method isencoded along with all the previous DRC3SRF
folding methodsin acode called DRC4 for which theinput isdocumented in Appendix A andthefile
formats are documented in Appendix B. Before the method could be implemented, two additiona data
fileswererequired. Onefileisa3-D quadrature datafile with datain aform usable by the code without
further processing. The quadraturesare used to bin the directiona fluences computed by thismethod. The
fileis produced by the QUAD3D? code and is organized such that the number of directions and the
quadrature datafor a given set are sel ected based on afour-character namefor the quadrature set. For
each quadrature set in the file, Table 13 shows the set name, the number of directions, and a brief
description. The second fileisonethat contains as afunction of distance, the 1-D angular fluencesin
various groups resulting from asource (of whatever magnitude) in each source group. Thedataaretreated
asif there can be transfersfrom any one group to any other group, even though in most cases there will be
only downscatter. To creste the second file, one needs to run igm (number of energy groups) ANISNZ
caculationsand savethe angular fluencefiles. For thefile created to use with the test cases, calculations
were run for 18 groups, but only the last 15 were used to create the required file. Also, the air layer
thickness was limited to about 5 km due to numerical problems onthe IBM RISC 6000 workstations
[ANISN isasingle-precision arithmetic (32-bit) computer code. A double-precision ANISN might be
more appropriate]. Additionally, the point source was normalized to 10%° s'* for each group. Thishigh
normalization alowed most of the ANISN angular fluencesto fall within the range of allowable rea
numberson theworkstations. The ANISN calculations haveto be performed for each air composition
desired. Thegroup structure of the ANISN cal culationsisassumed to be different from the GENMASH
and MASH-MORSE group structures. One should use a broad-group structure for the ANISN
cal culations because disk- and core-storage requirementsare reduced and the problem executiontimeis
shortened. Test ANISN calculations were performed for two point source spherical radii (60 cm and
0.62035 cm) and S, and S, quadratures to determineif these parameters had much effect on the total
fluencesat therangesof interest. Figure 9 showsacomparison of the group-1 fluence asafunction of
range for four source combinations. Those results show that outside the radius of the largest sphere, the
results for the small and large point sources are not significantly different. Also, the two quadratures
produced similar results. Therefore, the 60-cm-radius point source and the S, quadrature used in the
ANISN calculationsare adequate parameters. The ANISN angular fluencefileswere processed through
the G2GAIR?* code to combine the datainto asingle fileto be used by DRC4. The user specifiesthe
gpatial locations (in ascending order) at which the angular fluenceswill be output (these locations are
modified by subtracting from each the parameter rr ef specified by the user). Theuser dso specifies broad
angular bins (which may be the same as or asubset of the input ANISN quadrature) into which the output
angular fluenceswill bebinned. Inputinstructionsfor the QUAD3D and G2GAIR codesareincludedin
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Appendix A and descriptions of the structures of the files output by the codes are in Appendix B. In
addition to these two files, the mesh-edged plume source file created by GENMASH isrequired. A
description of that file is also included in Appendix B.

The DRCA4 calculational procedure (input parameter idos=3) is somewhat like a point kernel
caculation, but the spatia attenuation istaken care of by ANISN, and the resulting group-to-group angular
fluences replace the buildup factors. While the point kernel method subdivides the source volumes and
cd culates contributions from each subcell, this method generates ardative mesh around each point a which
angular fluencesareto becaculated. Sample X-Y plan views of theinner regions of the sourceintegration
mesh areshown in Figures 10 and 11. Figure 10 showsthe origind relatively refined mesh, and Figure 11
showsacoarser mesh. Theintegration mesh represented by Figure 10 has about Six timesthe total number
of cellsfoundinthat of Figure 11, and test code cal cul ations showed small differencesin the fluences
cdculated using the two integration meshes. There appearsto belittle additiona contribution from source
regions more than 2.5 km away whenever these are not the dominant sourceregions. Therefore, the mesh
in any coordinate direction waslimited by the GENMA SH source extremaand the maximum allowed
distance from the fluence | ocation where contributions are made to the directiond fluence. Theinitid vaues
of thedirectiona fluencesin abox® about the fluence location are calculated as the GENMASH source
valueat the center of the box timesthe average fluence one cd culates by putting auniform unit sourcein
the box and calculating the track lengths per unit volume. It was found that sources within the box
contribute only a small amount to the total fluence at agiven location. Then, for each of the source
integration meshesthat fall within the established criteria, (1) the interpolation factor for the group g to
group g angular fluence is determined from the source-to-detector distance and where that distancefalls
within the G2GAIR output mesh; (2) the 1-D quadrature angles corresponding to each of the 3-D
guadrature directions are individually determined; (3) the group g to group g angular fluences are
determined through interpolation; and (4) aterm equal to the product of the source, the interpolated
group-to-group angular fluence, and the source point volume or surface leakage factor (areatimesthe
cosine with respect to the surface normal) is added to the directiond fluence for the gppropriate directions
andgroups. Free-fiddfluencesareca culated by interpol ating betweenintegra sof the directional fluences.
However, it was noted that the free-field fluences cal culated in thismanner were lower than those obtained
using scaar group-to-group transfers. Thismay possibly have been dueto alack of quadraturedirections
falingwithinthemost straight-ahead bin of the ANISN ca culation. Theorigind method for whichthe 1-D
guadrature sphere was finely subdivided and contributions were summed into the transformed 3-D
guadrature directional bins probably would have given better agreement, but it appeared to be too
time-consuming. A remedy for thisstuation wasthe normdization of the directiond fluence contributions
for each sourceintegration mesh to the group scaar fluence contribution based on ascaar group-to-group
transfer. Direction m fluences for ground points, and optionally roof points, are enhanced by the
GENMASH ground source va uedivided by the absolute value of eta(m), the Z-direction cosine. These

50-cm > 50-cm > 50-cm box for a point above the ground (ideally, the point should be more than
25 cm above the ground) and a 50-cm > 50-cm > 25-cm box for a point on the ground.
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fluence enhancements may causetheinterpolated directiond fluencesat the sdewallsto be dightly higher
than they should be, since one isinterpolating between the higher fluence values on the roof and the
unchanged values at points below the roof.

The coordinates of the points[smesh(3,kptsndet)] at which directiond fluences are to be caculated
are determined based on severd factors. First, aninput parameter, icbrt, givesthe number of points per
gpatia directionon abox surrounding the M A SH-M ORSE geometry system (minimum of 2). Thetotd
number of points (kpts) isicbrt cubed (i.e. icbrt®). Second the xo, yo, zo, and to input arrays give
reference locations of the MA SH-MORSE system within the GENMASH system and the time at which
thefluencesareto be calculated (provisonismadefor interpolating the GENMA SH sourcesto calculate
sourcesfor input timesthat lie within the range of values on the GENMASH sourcefile). TheZ extrema
of the box for space-time/orientation jdet are zo(j det)+zmin and zo(j det)+zmax, where zo(jdet) isthe
input ground surface offset between the GENMA SH and MA SH-MORSE systems and zmin and zmax
are minimum and maximum Z values of the MASH-MORSE geometry (set zmin such that
zo(jdet)+zmin=0.0). If icbrt > 2, then the other Z locations are equally spaced between the Z extrema.
The X and Y coordinates are computed such that the MASH-MORSE geometry can be rotated 360
degreesand dl partsremaininsdethebox. Thisisdoneby calculating the length of the X-Y diagona of
the MA SH-M ORSE geometry® and subtracting that from or adding that to xo(jdet) for the X extremaor
subtracting from or adding to yo(jdet) for the Y extrema. For icbrt > 2, other X and Y locations are
determined aswith Z. Fluences are calculated for kpts points for each space-time/orientation jdet, and
the fluencesfor any kdet > jdet that has the same space-time coordinates asjdet are assigned the same
fluence va ues as those computed for Space-time/orientation jdet. This preventsthe recal culation of these
quantitiesfor cases having the same space-time coordinates but different orientations. In addition, the
DRCA4-ca culated fluences may be saved on a permanent or temporary fileto be used by another casein
which the only differenceis a change in the detector position in the MASH-MORSE geometry and a
corresponding changein the leakage file used (adifferent file for each detector). A description of the
DRCA4 directional fluencefileisincluded in Appendix B.

3.2 Testing of the Method

Twotest casesfor the plume source coupling procedure are cases run with the DRC3SRFidos=2
option (coupling with TORT boundary directiona fluences as described in Section 2.2.2.3). Thefirst test
involvesthe calculation of free-field and shielded fluences and dose rates at ten detector locationsina
two-story concrete building with windows and doors for seven time steps as was reported in Section
2.2.2.3. Resultsfor the same time steps and detector positions were obtained by the DRC4 idos=3
procedure using about 123 minutes of CPU time beyond the 670 minutes required for the ten
previoudy-performed MASH-MORSE cad culations. About 80 minutes of the DRC4 timewere used to
calculate results for the first MASH-MORSE detector position for nine space-time/orientation

by/ (xmax&xmin)? % (ymax&ymin)2
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combinations. The resultsfrom this procedure do not include the effects of ground scatter. A comparison
of resultsobtained using TORT fluencesfrom cal cul ationswith and without the ground showed the ground
effect to be (1) a60% increase in the free-field fluence, (2) a 20 to 30% increase in the free-field dose
rates, (3) a20% increase in the fluence protection factor, and (4) a10% increase in the dose protection
factors. Thelow-energy photon groups contribute moreto thefree-field fluence than they do to the other
three quantities, thusjustifying thelarger ground effect for the free-field fluence. Theidos=3 procedure of
DRC4 isonly vaidfor large dispersed sources having relaively smooth trangtions from agiven region to
adjacent regions. Effectsof largelocdized spikesin the GENMA SH source di stribution may be missed
because of the fixed source-integration mesh.

Results from DRC3SRF and DRCA4 for two detector positions and two time steps are compared in
Tables 14 and 15, and fluence spectraare compared in Figures 12 and 13. The DRCA4 fluences and dose
rates are about 50% higher than those calculated by DRC3SRF, but protection factors are in good
agreement. Asmentioned earlier, the DRC4 resultswere on the order of the DRC3SRF results before
angular fluence contributionswere normalized by the scd ar fluence contributionsof each sourceintegration
mesh. However, with the normalizationimplemented, the ANSI doserateison the order of that calculated
by GENMASH. One expects agreement with the GENMA SH result because both codesignore ground
effects. On the other hand, DRC3SRF results should be higher than results cal culated by GENMASH
or DRC4 withidos=3, since ground scatter enhancesthe fluencelevels. Whilethe ground-scatter effect
doesn't seem to be very large for the photon-only source, one would expect much larger differencesfor
the coupled neutron-photon case due to the contributions of the secondary photons produced in the ground
near the target. However, radiation plumes generally have very little or no neutron emissions.

Asmentioned earlier, the DRC4 cal culation may use datafilesin three different group structures:
GENMASH, MASH-MORSE, and ANISN group structures. DRCA4 cad culationswere performed to test
the effects of the number of rings (nrad) in the plume source integration procedure and of the group
structure used inthe ANISN calculations. Resultsin Tables16-21 arefor detector position 1 onthefirst
floor of atwo-story concrete building. Free-field fluences and dose rates and protection factors are
presented for threetime stepsand six variationson theinput data. For Tables 16-18, eight fluence points
surround the building (icbrt=2) and ANISN air-attenuated angular fluences are for either (1) 43 spatia
points and the DABL 69 23-photon-group structure or (2) 43 or 82 spatial points and the SCALE
18-photon-group structure. For Tables19-21, twenty-seven fluence points (icbr t=3) define abox that
encompasses the building, and other data variations are the same asthose used for Tables 16-18. First,
the results show that over thefirst three hours, the fluences, dose rates, and protection factorsincrease with
time. Theincreasein the protection factors may be due to either a source-gpectrum shift with time toward
lower energiesor aspatia repositioning of the source such that asmaler source fraction hasanearly direct
view of thedetector through awindow. The second observationto noteisthat increasingicbrt from2to
3increasesresultsby afew percent. A third observation to noteisthat the DABL 69 23-photon-group
structure gives higher results than the SCALE 18-photon-group structure (A more refined photo
energy-group structure than the one available in SCALE might be more appropriate). Finaly, using the
18-photon-group air-attenuation datafilewith 43 spatia pointsresultsin higher fluencesand doseratesthan
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those obtained using 82 spatial points, but the protection factors are virtually the same.

The second test problem involves the ca culation of dose rates and protection factorsfor the ten-story
building (Figure 8) used in the third test of the rigorous method described in Section 2.2.3 and subsections.
Resultsare shown in Tables 22-27 for centered and off-center detector postionsfor threevariationsin the
air attenuation file parameters (group structure and the number of air attenuation spatial datapoints). For
the large ten-story building, DRC4 tended to give factors of 1.5 to 2.0 higher fluences than
TORT-DRC3SRF for the early times, but the DRCA4 resultswere smaller at later time steps (0.6t0 0.9
timesthe TORT-DRC3SRF results). DRCA4 protection factors were factors of 1.2 to 1.4 times the
TORT-DRC3SRFresults. Theuseof ANISN air-attenuated angular fluences ca culated withthe DABL 69
23-photon-group structure (Tables 22 and 23) resulted in dightly higher (< 10%) fluences and protection
factors than those obtained using ANISN air-attenuated angular fluences calculated with the SCALE
18-photon-group structure (Tables 24-27). Table 28 compared free-field photon fluences and doserates
caculated with aspecid code using the SCALE 18-group structureto those cal culated with aspecid code
using the DABL 69 23-group structure. The codes used the same source integration procedure as DRC4
but calculated results only at the specified pointsrather than the el ght or morelocationsfor which DRC4
cal culatesfluencesbefore interpol ating to get fluencesat the points of interest. Thefluencesfor thelatter
structure were 3% higher and the Straker-Morrison dose rates were about 7% higher. Theseresultsare
in good agreement. Unlike the resultsfor thefirst test case above, the protection factors differ by asmuch
as40% from the DRC3SRF results. Perhagps, an increased number of adjoint historieswould improvethe
results.

3.3 Comparison of DRC4 and GENMASH Free-Field Dose Rates

With regard to the comparison with free-field dose rates computed with GENMASH (Table 8,
Section 2.2.2.6), caculations were performed with DRC4 and atest codeto seeif the source integration
procedurewould givesimilar resultsto GENMASH. Thefree-field dose rateswere on the order of those
calculated by GENMASH. However, the detectors were not at the same locations for which the
GENMASH doserateswere calculated (i.e. X=18.0875 km, Y=55m, and Z=7.7004 m, and t=1.0hand
3.0h). A test program, using the same source integration procedure as DRCA4, could cal culate results at
the preciselocation, but DRCA4 cal culates fluences at severd |ocations surrounding the detector location
and interpol ates on those val uesto obtain the result at the detector. While DRC4 usesthe same source
integration method asthe test program, the cal culated dose rates may be different because the DRCA result
isnot caculated at the preciselocation. Previoudy, TORT results were obtained by interpolating fluences
from the TORT scdar fluencefile and folding the fluences with the dose response function. Test program
results were obtained for the detector at the above mentioned location, and DRCA4 results were obtained
for four variationson theinput parameters. Theresultsare compared to the GENMASH resultsin Table
29. Asnoted inthetable, the TORT results are well below the GENMASH results. Thetest program
gave results that are in good agreement with the GENMASH results. Theinput for the third DRC4
ca culation was such that the fluence pointswere more closaly spaced in X and Y than werethosein the
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first two cases. Thefourth DRC4 case was like the third except that the Z spacing of the fluence points
was made less. This calculation effectively moves the ground source closer to the detector and may
exaggerate the ground source contribution. It is noted that the resultsfor the firss DRC4 calculation are
dightly higher thanthe TORT results, but they aretill below the GENMASH resultsby 25%. For thiscase
which usedicbrt=2,the X and Y extremaare more than 200 m apart, alowing peak fluencesin the box
to be missed. The second DRC4 case wasthe same asthefirst except that icbrt was changed to 3. This
brought some of the interior fluence points closer to the detector location resulting in smaller errors dueto
interpolation. Theresultsfrom thiscase arein good agreement with GENMA SH, being about 2% low at
1.0 h and about 9% low at 3.0 h. Thethird DRCA4 case used the parameters shown in the footnote of
Table 18. The X and Y extrema were brought closer to the detector coordinates. The agreement
improved dightly from case 2 with theresult being about 3% high at 1.0 h and about 5% low a 3.0h. The
results for the fourth DRCA4 case are essentially the same asthose for DRC4 case 3. Thus, one may
improve the DRCA4 cal culation with the appropriate choice of input parameters, increasingicbrt being a
choice of last resort. Unfortunately, the fluence must be computed at eight or more locations before the
interpolated fluence can be cal culated at the detector location of interest. Finally, thetest program results
arein good agreement with the GENMA SH results, being about 7% high at 1.0 h and about 2% low at
3.0h.
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4.0 CONCLUSIONS

An approximate method (DRC4 idos=3) for computing fluences, doses, and protection factorsin
structures from plume sources in air-over-ground environments has been developed and tested. This
method and a more rigorous method are described, and ca culated results from each are compared with
each other and with free-field doses calculated by GENMASH. Compared to the GENMASH point
kernel method, the gpproximate method yiel dsfree-field doseratesthat arein good agreement. Inaddition,
sncetime- and energy-dependent directiond fluences can be gpproximated in the vicinity of the structure,
one can a so estimate shiel ded fluence spectraand doseratesinsidethe structure. A great computational
time reduction is realized when the approximate method rather than the rigorous method is used, and

protection factors appear to bein reasonably good agreement when sufficient adjoint historiesarerunin
the MASH-MORSE calculations.
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Table 1. Atomic Densities (b** § cm'Y) of Elementsin Mixtures
Used in the Test Calculations.

Mixtures
Element | Ground® Portland Rebar Concrete Steel Air
Concrete | Concrete® | Blocks®

H 4.01012° 1.49412 1.34512 7.67313 3.83517
C 3.88914 3.81813 3.79313 1.96113 3.56513

N 4.89615 3.95915
@) 412712 4.15312 3.73812 2.13312 1.08115
Na 147014 3.03914 2.73514 156114

Mg 9.40315 1.05513 9.49514 541814

Al 141813 7.37214 6.63514 3.78614

9.80313 6.04413 544013 | 3.104!13

S 3.72016

Cl 3.64516

Ar 2.36817
K 2.11014 1.21714 1.09514 | 6.25115

Ca 2.67815 1.15912 1.04312 | 5.953!13

Cr 3.20513 3.20513
Mn 7.41816 2.59815 2.59814
Fe 3.31014 1.97414 8.29813 | 1.01414 8.12012
Co 2.86717

Ni 2.87817

Cu 5.00617

Sn 7.53718

& 32% moisture (from ORNL/TM-12685).
b 0.9 Portland concrete + 0.1 steel by volume.
¢ 0.5136 Portland concrete.
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d Air #2 mixture from ORNL/TM-12685.
¢ Read as 4.010 x 10'2.
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Table 1. (continued)

Mixtures
Element Rebar Ground 2 | 1020 Steel Air 2 Doors’ Windows®
Concrete 2°
H 7.76813 | 9.7513
C 3.91115 7.82314 1.29914
N 41915
©) 4.38612 3.4812 1.1315 8.68214
Na 1.336!3
Mg 1.48416
Al 2.38913 48813
1.58212 1.1612 4.21414 434114
S
Cl
Ar 25117
K 6.93114
Ca 2.91513
Cr 1.16814
Mn 3.87814 9.47016
Fe 451313 8.40112 2.960!13
Co
Ni
Cu
Sn

& Concrete (composition not shown) + 5% 1020 steel.

b 0.03645 steel (1.111-cm-thick steel plate smeared over a 30.48-cm thickness).

¢ 0.019685 SO, (0.6-cm-thick glass pane smeared over a 30.48-cm-thickness).
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9 Read as 7.768 x 10'3.
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Table 2. Extent of Structuresin the Geometry for TORT/DRC3SRF Test Problem 1.

Coordinate Boundary System Ground Building Plume®
XMIN 1350000.0 1350000.0 0.0 11000000.0
XMAX 350000.0 350000.0 1737.36 1300000.0
YMIN 1350000.0 1350000.0 0.0 15000.0
YMAX 350000.0 350000.0 1463.04 5000.0
ZMIN 150.0 150.0 0.0 14000.0
ZMAX 50000.0 0.0 640.08 26000.0

2 Plume Volume = 8.4 x 10% cmq.
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Table 3. Comparison of Dose Ratesfor Forward-Forward (TORT-TORT) and

Forward-Adjoint (TORT-MASH) Couplings.

Position | Source® | TORT-TORT (TT) | TORT-MASH (TM) | fsd® | TM/TT

1 Al 179119° 2.09119 0.031 1.17
B| 179119 2.09119 0.031 1.17

2 A| 587120 6.31120 0.035 1.07
B| 588120 6.30120 0.035 1.07

3 A| 350122 6.34122 0.25 1.81
B| 343122 5.92122 0.27 1.72

4 Al 171121 2.35121 0.25 1.37
B| 172121 231121 0.25 1.34

5 Al 392122 3.98122 0.29 1.02
B| 380122 3.62122 0.32 0.95

6 Al 211119 2.40119 0.026 1.13
B| 210119 2.38119 0.026 1.13

7 Al 777120 8.72120 0.049 1.12
B| 772120 8.62120 0.050 1.12

8 Al 448121 459121 0.14 1.03
B| 364121 3.67121 0.17 1.01

9 Al 925121 8.93121 0.18 0.97
B| 830121 7.29121 0.22 0.88

10 A| 608121 7.33121 0.11 1.21
B| 527121 6.17121 0.13 1.17

& (A): Plume source plus uniform isotropic source on roof. (B): Plume source only.
P Fractional standard deviation of the TM result.

¢ Read as1.79 x 10'%°,
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Table 4. Energy Boundariesfor the Photon Group Structures Used in the Calculations.

Group Energy Boundaries (V)

Group MASH-MORSE?* GENMASH" TORT®
1 1.40+7° 1.40+7 1.00+7
2 1.00+7 1.00+7 8.00+6
3 8.00+6 8.00+6 6.50+6
4 7.50+6 7.00+6 5.00+6
5 7.00+6 6.00+6 4.00+6
6 6.00+6 5.00+6 3.00+6
I 5.00+6 4.00+6 2.50+6
8 4.00+6 3.00+6 2.00+6
9 3.00+6 2.50+6 1.66+6
10 2.50+6 2.00+6 1.33+6
11 2.00+6 1.50+6 1.00+6
12 1.50+6 1.00+6 8.00+5
13 1.00+6 7.00+5 6.00+5
14 7.00+5 4.50+5 4.00+5
15 6.00+5 3.00+5 3.00+5
16 5.10+5 1.50+5 2.00+5
17 4.00+5 6.00+4 1.00+5
18 3.00+5 3.00+4 5.00+4
19 1.50+5 1.00+4° 1.00+4°
20 1.00+5
21 7.00+4
22 4.50+4
23 2.00+4
24 1.00+4°

2 DABL69 46n/23g group structure.’ b AMPX* Standard 18-group photon structure.
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¢ Structure for SCALE?® 18-group photon library. ¢ Read as1.4 x 10'.
© Lower energy boundary for the group structure.
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Table5. ANSI Standard Photon Dose Rates (rem/h) at Detector L ocations Inside a Two-Story Concrete Building.

Time (h)

Detector 1.0 2.0 3.0 4.4 5.8 7.2 10.0
1 5.09+0% 7.11+0 8.07+0 15612 14712 14012 1.3012
2 1.51+0 2.03+0 2.25+0 4.3013 3.9813 3.7613 3.4613
3 43111 S9.7711 6.3711 11113 1.0313 9.7214 8.9514
4 1.69+0 2.29+0 2.55+0 5.3113 4.9313 4.6613 4.3113
5 8.0311 1.09+0 1.21+0 2.0313 1.8813 1.7813 1.65!13
6 6.43+0 8.92+0 1.01+1 1.6212 1.5112 1.4412 1.3412
7 2.47+0 3.33+0 3.70+0 5.8113 5.3713 5.0713 4.6713
8 1.32+0 1.77+0 1.96+0 2.8913 2.6713 25213 2.3213
9 2.88+0 3.90+0 4.34+0 6.9413 6.4213 6.0813 5.6013

10 1.95+0 2.64+0 2.94+0 4.2113 3.8913 3.6813 3.4013

2 Read as 5.09 x 10°.
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Table 6. ANSI Standard Free-Field Photon Dose Rates (rem/h) at Detector Locations Inside a Two-Story Concrete Building.

Time (h)

Detector 1.0 2.0 3.0 4.4 5.8 7.2 10.0
1 3.36+12 4.80+1 5.55+1 7.8612 74512 71712 6.7412
2 3.33+1 4.77+1 5.51+1 74112 7.0312 6.7612 6.3612
3 3.22+1 4.60+1 5.30+1 5.0912 4.8312 4.6512 4.3812
4 3.35+1 4.79+1 5.53+1 7.5412 7.1612 6.8812 6.4812
5 3.23+1 4.61+1 5.32+1 5.1212 4.8612 4.6712 4.4012
6 3.58+1 5.13+1 5.94+1 1.1811 1.1211 1.0711 1.0111
7 3.56+1 5.10+1 5.90+1 11811 1.1211 10711 1.0011
8 3.45+1 4.94+1 5.72+1 1.2011 1.1411 1.0811 1.0211
9 3.58+1 5.13+1 5.94+1 11911 1.1311 1.0811 1.0211

10 3.46+1 4.96+1 574+1 1.2011 1.1311 1.0911 1.0211

@ Read as 3.36 x 10
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Table7. ANSI Standard Photon Dose-Rate Protection Factors at Detector Locations Inside a Two-Story Concrete Building.

Time (h)

Detector 1.0 2.0 3.0 4.4 5.8 7.2 10.0
1 6.59+07 6.76+0 6.87+0 5.03+0 5.09+0 5.13+0 5.17+0
2 2.21+1 2.35+1 2.45+1 1.72+1 177+1 1.80+1 1.84+1
3 7.47+1 7.96+1 8.33+1 4.57+1 4.70+1 4.79+1 4.89+1
4 1.98+1 2.09+1 2.17+1 1.42+1 1.45+1 1.48+1 1.50+1
5 4.02+1 4.24+1 4.40+1 2.52+1 2.58+1 2.62+1 2.67+1
6 5.57+0 5.76+0 5.89+0 7.31+0 7.40+0 7.45+0 7.52+0
7 1.44+1 1.53+1 1.60+1 2.03+1 2.08+1 211+1 2.15+1
8 2.62+1 2.79+1 2.92+1 4.15+1 4.25+1 4.57+1 4.41+1
9 1.24+1 1.32+1 1.37+1 1.72+1 1.76+1 1.78+1 1.82+1

10 177+1 1.88+1 1.95+1 2.85+1 2.91+1 2.96+1 3.01+1

2 Read as 6.59 x 10°.
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Table 8. Comparisonsof TORT and GENMASH Free-Field Dose Rates
at X=-8.0875 km, Y=55m, and Z=7.7004 m.

Gamma-Ray Dose Rate (rem/h) TORT
Time After GENMASH & 1-0) > 100
Accident (h) GENMASH TORT
1.0 38.57 24.73 -35.9
3.0 67.51 40.26 -40.36
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Table9. TORT/DRC3SRF Free-Field Fluence and Dose Rate and Protection Factorsat a
Corner Detector Position in aLarge, Thin-Walled Building for a Plume Photon Sour ce at
Several Time Intervals (Coupled neutron and photon adjoint).

Time (h)

Quantity 1.0 3.0 58 10.0
Free-Field Vaues

Fluence® 4.649+7" 8.262+7 8.833+4 8.098+4
Dose 1° 2.475+1 4.015+1 453112 4.03512
Dose 2° 2.931+1 4.740+1 5.35212 475812
Dose 3° 3.884+1 6.420+1 7.16412 6.41312
Dose 4° 3.351+1 5.565+1 6.20712 5.57012

Protection Factors For Ground, Plume, and Roof Sources

Fluence® 36.95 40.97 33.29 34.46
Dose 1° 30.75 33.26 28.34 29.16
Dose 2° 31.70 34.48 29.41 30.32
Dose 3° 32.97 36.12 30.46 31.45
Dose 4° 32.36 35.30 29.72 30.65

Protection Factors for Ground and Plume Sources

Fluence® 36.96 40.99 34.19 35.38
Dose 1° 30.75 33.26 29.03 29.88
Dose 2° 31.70 34.49 30.11 31.05
Dose 3° 32.97 36.13 31.19 32.22
Dose 4° 32.36 35.31 30.46 31.42
cm'2i st

P Read as4.649 x 10’
Doses 1-4 are respectively Straker-Morrison, Henderson, Claiborne-Trubey, and ANSI standard with
units of rem/h.*°
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Table 10. TORT/DRC3SRF Free-Field Fluence and Dose Rate and Protection Factorsat a
Center Detector Position in aLarge, Thin-Walled Building for a Plume Photon Sour ce at
Several Time Intervals (Coupled neutron and photon adjoint).

Time (h)

Quantity 1.0 3.0 5.8 10.0
Free-Field Values

Fluence® 4.589+7" 8.153+7 8.688+4 7.965+4
Dose 1° 2.432+1 3.944+1 444812 3.96212
Dose 2° 2.878+1 4.654+1 5.25312 4.66912
Dose 3° 3.818+1 6.310+1 7.03412 6.29712
Dose 4° 3.295+1 5.472+1 6.09512 5.46812

Protection Factors For Ground, Plume, and Roof Sources

Fluence® 36.18 40.23 32.30 33.42
Dose 1° 29.95 32.46 27.93 28.72
Dose 2° 30.93 33.72 29.08 29.97
Dose 3° 32.20 35.36 30.03 31.00
Dose 4° 31.55 34.50 29.22 30.13

Protection Factors for Ground and Plume Sources

Fluence® 36.19 40.24 33.19 34.34
Dose 1° 29.95 32.46 28.54 29.36
Dose 2° 30.93 33.73 29.70 30.61
Dose 3° 32.20 35.37 30.70 31.70
Dose 4° 31.55 34.50 29.89 30.83
acm'2js't,
b

Read as 4.589 x 10"
Doses 1-4 are respectively Straker-Morrison, Henderson, Claiborne-Trubey, and ANSI standard with
units of rem/h.*°
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Table11. TORT/DRC3SRF Free-Field Fluence and Dose Rate and Protection Factorsat a
Corner Detector Position in aLarge, Thin-Walled Building for a Plume Photon Sour ce at
Several TimeIntervals (Photon only adjoint).

Time (h)

Quantity 1.0 3.0 58 10.0
Free-Field Vaues

Fluence® 4.649+7" 8.262+7 8.833+4 8.098+4
Dose 1° 2.475+1 4.015+1 453112 4.03512
Dose 2° 2.931+1 4.740+1 5.35212 475812
Dose 3° 3.884+1 6.420+1 7.16412 6.41312
Dose 4° 3.351+1 5.565+1 6.20712 5.57012

Protection Factors For Ground, Plume, and Roof Sources

Fluence® 36.27 40.24 32.23 33.33
Dose 1° 29.74 32.16 27.96 28.72
Dose 2° 30.65 33.32 29.26 30.11
Dose 3° 31.94 35.00 30.17 31.10
Dose 4° 31.34 34.20 29.19 30.06

Protection Factors for Ground and Plume Sources

Fluence® 36.27 40.26 33.00 34.13
Dose 1° 29.74 32.16 28.63 29.41
Dose 2° 30.65 33.33 29.96 30.84
Dose 3° 31.95 35.01 30.89 31.85
Dose 4° 31.35 34.21 29.89 30.79
acm'2js't,
b

Read as 4.649 x 10"
Doses 1-4 are respectively Straker-Morrison, Henderson, Claiborne-Trubey, and ANSI standard with
units of rem/h.*°
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Table 12. Free-Field Fluence and Dose Rate and Protection Factorsat a Center Detector
Position in aLarge, Thin-Walled Building for a Plume Photon Source at Several Time
I ntervals (Photon only adjoint).

Time (h)

Quantity 1.0 3.0 5.8 10.0
Free-Field Values

Fluence® 4.589+7° 8.153+7 8.688+4 7.965+4
Dose 1° 2.432+1 3.944+1 4.44812 3.96212
Dose 2° 2.878+1 4.654+1 5.25312 4.66912
Dose 3° 3.818+1 6.310+1 7.03412 6.29712
Dose 4° 3.295+1 5.472+1 6.09512 5.46812

Protection Factors For Ground, Plume, and Roof Sources

Fluence® 41.52 46.11 38.68 40.07
Dose 1° 33.97 36.81 33.40 34.46
Dose 2° 34.96 38.10 34.68 35.85
Dose 3° 36.48 40.05 35.83 37.10
Dose 4° 35.85 39.20 34.98 36.16

Protection Factors for Ground and Plume Sources

Fluence® 41.53 46.12 39.52 40.95

Dose 1° 33.98 36.82 33.85 34.92

Dose 2° 34.96 38.10 35.09 36.28

Dose 3° 36.48 40.05 36.32 37.60

Dose 4° 35.85 39.20 35.50 36.70
acm'2js't,

P Read as 4.589 x 107,
¢ Doses 1-4 are respectively Straker-Morrison, Henderson, Claiborne-Trubey, and ANSI standard with
units of rem/h.*°
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Table 13. Descriptions of the 3-D Quadrature Setson the File Created by QUADSD.

Set Number Set Name Number of Directions Description
1 s8 96 symmetric Sg
2 s10 140 Ssymmetric S,
3 s12 192 symmetric S,
4 sl4 252 symmetric S, ,
5 s16 320 symmetric S
6 d200 200 downward biased set (130 down)
7 u200 200 upward biased set (130 up)
8 d332 332 downward biased set (262 down)
9 u332 332 upward biased set (262 up)
10 d420 420 downward biased set (306 down)
11 u420 420 upward biased set (306 up)
12 d630 630 downward biased set (560 down)
13 u630 630 upward biased set (560 up)
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Table 14. Free-Field Data and Protection Factorsfor a Detector at Position 1in a Two-Story
Building. The DRCA4 calculation used a 22-angle 1-D quadratureand an Sg 3-D quadratureto
bin the 3-D fluences at eight fluence points surrounding the building for each time step
(calculation time ~23 min. for two time steps).

Time Step Quantity? DRC3SRF DRCA4 DRC3SRF/DRC4
Free-Field Data
1 Fluence 4.754+7° 7.205+7 0.66
Dose 1 25.16 40.28 0.62
Dose 2 29.24 47.62 0.61
Dose 3 38.61 62.17 0.62
Dose 4 33.57 53.38 0.63
2 Fluence 7.110+7 1.082+8 0.66
Dose 1 35.47 56.85 0.62
Dose 2 41.08 67.07 0.61
Dose 3 55.01 88.80 0.62
Dose 4 48.01 76.50 0.63

Protection Factors

1 Fluence 7.86 8.11 0.97
Dose 1 6.26 6.66 0.94
Dose 2 6.33 6.82 0.93
Dose 3 6.63 7.10 0.93
Dose 4 6.59 6.99 0.94
2 Fluence 8.05 8.34 0.97
Dose 1 6.40 6.81 0.94
Dose 2 6.49 7.01 0.93
Dose 3 6.82 7.31 0.93
Dose 4 6.76 7.19 0.94

& Doses 1-4 are respectively Straker-Morrison, Henderson, Claiborne-Trubey, and ANSI standard with
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units of rem/h.*® The fluence has units of cm'?§ s'*.

b Read as 4.754 x 10'.
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Table 15. Free-Field Data and Protection Factorsfor a Detector at Position 2in a Two-Story
Building. The DRCA4 calculation used a 22-angle 1-D quadratureand an Sg 3-D quadratureto
bin the 3-D fluences at eight fluence points surrounding the building for each time step
(calculation time 1.2 min. for two time steps because of time savings from the Table 1

calculations).
Time Step Quantity? DRC3SRF DRC4 DRC3SRF/DRC4
Free-Field Data
1 Fluence 4.726+7° 7.205+7 0.66
Dose 1 24.99 40.28 0.62
Dose 2 29.02 47.62 0.61
Dose 3 38.33 62.17 0.62
Dose 4 33.34 53.38 0.62
2 Fluence 7.068+7 1.082+8 0.65
Dose 1 35.23 56.85 0.62
Dose 2 40.77 67.07 0.61
Dose 3 54.60 88.80 0.61
Dose 4 47.67 76.50 0.62

Protection Factors

1 Fluence 30.28 30.98 0.98
Dose 1l 20.57 21.81 0.94
Dose 2 20.80 22.39 0.93
Dose 3 22.35 23.86 0.94
Dose 4 22.13 23.39 0.95
2 Fluence 32.55 33.49 0.97
Dose 1 21.67 23.03 0.94
Dose 2 21.97 23.72 0.93
Dose 3 23.77 25.45 0.93
Dose 4 23.48 24.88 0.94

& Doses 1-4 are respectively Straker-Morrison, Henderson, Claiborne-Trubey, and ANSI standard with

40



units of rem/h.*® The fluence has units of cm'?§ s'*.

b Read as 4.726 x 10'.
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Table 16. Freefield fluences (cm*?§ s') and doserates (rem/h) for detector 1in atwo-story
concrete building (icbrt=2% nrad=43% DABL 69 23-group photon structure; time=38.8 min).

Time (h)
Quantity 1.0 2.0 3.0
Fluences and Dose Rates
Fluence 7.701+7° 1.157+8 1.381+8
Dose 1°¢ 43.90 62.14 71.30
Dose 2° 56.19 80.05 92.24
Dose 3° 73.78 106.5 123.7
Dose 4° 60.97 87.93 102.2
Dose 5° 42.16 59.70 68.54
Protection Factors for Fluences and Dose Rates
Fluence 8.66 8.94 9.12
Dose 1°¢ 7.13 7.32 7.45
Dose 2° 7.89 8.20 8.42
Dose 3° 8.26 8.61 8.86
Dose 4° 7.84 8.12 8.31
Dose 5° 6.93 7.08 7.19

ichrt isthe number of fluence points per sde of abox surrounding the region of interest and nrad isthe
number of radial distances at which ANISN air-attenuated angular fluences are given).

P Read as7.701 x 10’

Doses 1-5 are respectively Straker-Morrison,'® Henderson,'® Claiborne-Trubey,*® ANSI standard 1°
and the AP photon dose rate in a phantom.?
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Table 17. Freefield fluences (cm*?§ s') and doserates (rem/h) for detector 1in atwo-story
concrete building (icbrt=2%; nrad=82% SCALE 18-group photon structure; time=34.2 min).

Time (h)
Quantity 1.0 2.0 3.0
Fluences and Dose Rates
Fluence 7.125+7° 1.070+8 1.277+8
Dose 1°¢ 39.80 56.18 64.35
Dose 2° 47.05 66.27 75.79
Dose 3° 61.44 87.76 101.3
Dose 4° 52.75 75.61 87.50
Dose 5° 39.45 55.92 64.23
Protection Factors for Fluences and Dose Rates
Fluence 8.13 8.36 8.50
Dose 1°¢ 6.68 6.83 6.93
Dose 2° 6.84 7.03 7.16
Dose 3° 7.11 7.33 7.48
Dose 4° 7.01 7.20 7.34
Dose 5° 6.69 6.83 6.93

ichrt isthe number of fluence points per sde of abox surrounding the region of interest and nrad isthe
number of radial distances at which ANISN air-attenuated angular fluences are given).

P Read as7.125 x 10'.

¢ Doses 1-5 arerespectively Straker-Morrison,*® Henderson,'® Claiborne-Trubey,*® ANSI standard*®
and the AP photon dose rate in a phantom.?



Table 18. Freefield fluences (cm*?§ s') and doserates (rem/h) for detector 1in atwo-story
concrete building (icbrt=2%; nrad=43% SCALE 18-group photon structure; time=34.1 min).

Time (h)
Quantity 1.0 2.0 3.0
Fluences and Dose Rates
Fluence 7.318+7° 1.099+8 1.310+8
Dose 1° 40.57 57.26 65.58
Dose 2° 47.93 67.49 77.18
Dose 3° 62.68 89.51 103.3
Dose 4° 53.84 77.14 89.27
Dose 5° 40.24 57.03 65.60
Protection Factors for Fluences and Dose Rates
Fluence 8.13 8.36 8.50
Dose 1°¢ 6.65 6.80 6.91
Dose 2° 6.81 6.99 7.13
Dose 3° 7.08 7.30 7.45
Dose 4° 6.98 7.18 7.31
Dose 5° 6.66 6.81 6.91

ichrt isthe number of fluence points per sde of abox surrounding the region of interest and nrad isthe
number of radial distances at which ANISN air-attenuated angular fluences are given).

P Read as7.318 x 10'.

¢ Doses 1-5 arerespectively Straker-Morrison,*® Henderson,*® Claiborne-Trubey,'®* ANSI standard'®
and the AP photon dose rate in a phantom.?



Table 19. Freefield fluences (cm*?§ s') and doserates (rem/h) for detector 1in atwo-story
concrete building (icbrt=3% nrad=43% DABL 69 23-group photon structure;
time=132.5 min).

Time (h)
Fluences and Dose Rates

Fluence 7.869+7" 1.183+8 1.411+8
Dose 1°¢ 45.20 63.95 73.36
Dose 2° 57.85 82.39 94.90
Dose 3° 75.85 109.4 127.1
Dose 4° 62.66 90.36 105.0
Dose 5° 43.38 61.42 70.49

Protection Factors for Fluences and Dose Rates

Fluence 8.54 8.82 9.00
Dose 1° 7.03 7.21 7.35
Dose 2° 7.77 8.08 8.30
Dose 3° 8.14 8.49 8.73
Dose 4° 7.73 8.00 8.19
Dose 5° 6.83 6.98 7.09

ichrt isthe number of fluence points per sde of abox surrounding the region of interest and nrad isthe
number of radial distances at which ANISN air-attenuated angular fluences are given).

P Read as7.869 x 107,

° Doses 1-5 arerespectively Straker-Morrison,® Henderson,'® Claiborne-Trubey,*® ANSI standard*®
and the AP photon dose rate in a phantom.?
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Table 20. Freefield fluences (cm*?§ s') and doserates (rem/h) for detector 1in atwo-story
concrete building (icbrt=3% nrad=82% scale 18-group photon structure; time=116.2 min).

Time (h)
Quantity 1.0 2.0 3.0
Fluences and Dose Rates
Fluence 7.288+7° 1.095+8 1.306+8
Dose 1° 41.05 57.93 66.34
Dose 2° 48.63 68.49 78.31
Dose 3° 63.41 90.56 104.5
Dose 4° 54.38 77.92 90.17
Dose 5° 40.64 57.59 66.13
Protection Factors for Fluences and Dose Rates
Fluence 8.02 8.25 8.39
Dose 1°¢ 6.59 6.74 6.84
Dose 2° 6.76 6.95 7.08
Dose 3° 7.03 7.24 7.40
Dose 4° 6.92 7.11 7.25
Dose 5° 6.59 6.74 6.84

ichrt isthe number of fluence points per sde of abox surrounding the region of interest and nrad isthe
number of radial distances at which ANISN air-attenuated angular fluences are given).

P Read as7.288 x 10'.

¢ Doses 1-5 arerespectively Straker-Morrison,*® Henderson,*® Claiborne-Trubey,'®* ANSI standard'®
and the AP photon dose rate in a phantom.?
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Table 21. Freefield fluences (cm*?§ s') and doserates (rem/h) for detector 1in atwo-story
concrete building (icbrt=3% nrad=43% scale 18-group photon structure; time=116.0 min).

Time (h)
Quantity 1.0 2.0 3.0
Fluences and Dose Rates
Fluence 7.478+7° 1.123+8 1.339+8
Dose 1° 41.81 58.99 67.55
Dose 2° 49.50 69.70 79.69
Dose 3° 64.63 92.29 106.5
Dose 4° 55.45 79.44 91.92
Dose 5° 41.42 56.68 67.38
Protection Factors for Fluences and Dose Rates
Fluence 8.02 8.25 8.40
Dose 1°¢ 6.56 6.71 6.82
Dose 2° 6.73 6.92 7.05
Dose 3° 7.00 7.22 7.37
Dose 4° 6.90 7.09 7.23
Dose 5° 6.57 6.72 6.82

ichrt isthe number of fluence points per sde of abox surrounding the region of interest and nrad isthe
number of radial distances at which ANISN air-attenuated angular fluences are given).

P Read as 7.478 x 10'.

Doses 1-5 are respectively Straker-Morrison,'® Henderson,'® Claiborne-Trubey,*® ANSI standard 1°
and the AP photon dose rate in a phantom.?
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Table 22. Comparison of TORT-DRC3SRF and DRC4 Fluences and Protection Factorsfor
an Off-Center Detector in the Ten-Story NGIC Building D (includes roof sour ce contribution;
air attenuation by a 23-group photon library; attenuation data
given for 43 distances).

Time (h) TORT-DRC3SRF DRC4 DRC4/TORT-DRC3SRF

Free-Field Fluences

1.0 4.649+72 8.981+7 1.93
3.0 8.262+7 1.612+8 1.95
5.8 8.833+4 7.590+4 0.86
10.0 8.098+4 7.004+4 0.86
Shielded Fluences
1.0 1.282+6 1.890+6 1.47
3.0 2.053+6 3.005+6 1.46
5.8 2.741+3 1.643+3 0.60
10.0 2.430+3 1.458+3 0.60

Protection Factors

1.0 36.27 47.51 1.31
3.0 40.24 53.63 1.33
5.8 32.23 46.19 1.43
10.0 33.33 48.04 1.44

@ Read as 4.649 x 10'.
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Table 23. Comparison of TORT-DRC3SRF and DRC4 Fluences and Protection Factorsfor a
Centered Detector in the Ten-Story NGIC Building D (includes roof sour ce contribution; air

attenuation by a 23-group photon library; attenuation data given for 43 distances).

Time (h) TORT-DRC3SRF DRCA4 DRC4/TORT-DRC3SRF
Free-Field Fluences
1.0 4.589+72 8.995+7 1.96
3.0 8.153+7 1.614+8 1.98
5.8 8.688+4 7.605+4 0.88
10.0 7.965+4 7.018+4 0.88
Shielded Fluences
1.0 1.105+6 1.686+6 1.53
3.0 1.768+6 2.675+6 151
5.8 2.246+3 1.424+3 0.63
10.0 1.988+3 1.260+3 0.63
Protection Factors
1.0 41.52 53.36 1.29
3.0 46.11 60.34 131
5.8 38.68 53.40 1.38
10.0 40.07 55.69 1.39

2 Read as 4.589 x 10’
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Table 24. Comparison of TORT-DRC3SRF and DRC4 Fluences and Protection Factor s for
an Off-Center Detector in the Ten-Story NGIC Building D (includes roof sour ce contribution;
air attenuation by an 18-group photon library; attenuation data
given for 82 distances).

Time (h) TORT-DRC3SRF DRCA4 DRC4/TORT-DRC3SRF
Free-Field Fluences

1.0 4.649+72 8.338+7 1.79

3.0 8.262+7 1.495+8 1.81

5.8 8.833+4 7.220+4 0.82
10.0 8.098+4 6.661+4 0.82

Shielded Fluences

1.0 1.282+6 1.841+6 1.44

3.0 2.053+6 2.955+6 1.44

5.8 2.741+3 1.614+3 0.59
10.0 2.430+3 1.435+3 0.59

Protection Factors

1.0 36.27 45.28 1.25
3.0 40.24 50.60 1.26
5.8 32.23 44.73 1.39
10.0 33.33 46.42 1.39

@ Read as 4.649 x 10'.
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Table 25. Comparison of TORT-DRC3SRF and DRC4 Fluences and Protection Factorsfor a
Centered Detector in the Ten-Story NGIC Building D (includes roof sour ce contribution; air
attenuation by an 18-group photon library; attenuation data given for 82 distances).

Time (h) TORT-DRC3SRF DRCA4 DRC4/TORT-DRC3SRF
Free-Field Fluences
1.0 4.589+7° 8.352+7 1.82
3.0 8.153+7 1.498+8 1.84
5.8 8.688+4 7.287+4 0.84
10.0 7.965+4 6.723+4 0.84
Shielded Fluences
1.0 1.105+6 1.634+6 1.48
3.0 1.768+6 2.619+6 1.48
5.8 2.246+3 1.391+3 0.62
10.0 1.988+3 1.234+3 0.62
Protection Factors
1.0 41.52 51.11 1.23
3.0 46.11 57.18 1.24
5.8 38.68 52.38 1.35
10.0 40.07 54.49 1.36

2 Read as 4.589 x 10’
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Table 26. Comparison of TORT-DRC3SRF and DRC4 Fluences and Protection Factorsfor
an Off-Center Detector in the Ten-Story NGIC Building D (includes roof sour ce contribution;
air attenuation by an 18-group photon library; attenuation data
given for 43 distances).

Time (h) TORT-DRC3SRF DRC4 DRC4/TORT-DRC3SRF

Free-Field Fluences

1.0 4.649+72 8.528+7 1.83
3.0 8.262+7 1.528+8 1.85
5.8 8.833+4 7.241+4 0.82
10.0 8.098+4 6.680+4 0.82
Shielded Fluences
1.0 1.282+6 1.875+6 1.46
3.0 2.053+6 3.008+6 1.47
5.8 2.741+3 1.619+3 0.59
10.0 2.430+3 1.440+3 0.59

Protection Factors

1.0 36.27 45.48 1.25
3.0 40.24 50.79 1.26
5.8 32.23 44.72 1.39
10.0 33.33 46.40 1.39

@ Read as 4.649 x 10'.
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Table 27. Comparison of TORT-DRC3SRF and DRC4 Fluences and Protection Factorsfor a
Centered Detector in the Ten-Story NGIC Building D (includes roof sour ce contribution; air
attenuation by an 18-group photon library; attenuation data given for 43 distances).

Time (h) TORT-DRC3SRF DRCA4 DRC4/TORT-DRC3SRF
Free-Field Fluences
1.0 4.589+72 8.541+7 1.86
3.0 8.153+7 1.530+8 1.88
5.8 8.688+4 7.308+4 0.84
10.0 7.965+4 6.742+4 0.85
Shielded Fluences
1.0 1.105+6 1.663+6 1.50
3.0 1.768+6 2.665+6 151
5.8 2.246+3 1.396+3 0.62
10.0 1.988+3 1.238+3 0.62
Protection Factors
1.0 41.52 51.35 1.24
3.0 46.11 57.43 1.25
5.8 38.68 52.36 1.35
10.0 40.07 54.48 1.36

2 Read as 4.589 x 10’
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Table 28. Comparison of fluences and dose rates calculated by special codes ussing GENMASH sour ces, the DRC4
sour ce-integration procedure, and ANISN air-attenuated angular fluencesin two group structures.

Detector 1° Detector 22
Time (h) Grp.-AP Grp.-BP Grp.-B/Grp.-A Grp.-AP Grp.-B° Grp.-B/Grp.-A
Fluence
1.0 8.732+7° 8.967+7 1.03 8.742+7 8.978+7 1.03
2.0 1.302+8 1.337+8 1.03 1.303+8 1.338+8 1.03
3.0 1.543+8 1.548+8 1.03 1.545+8 1.586+8 1.03
Straker-Morrison Dose Rate (rem/h)
1.0 45.60 48.82 1.07 45.66 48.89 1.07
2.0 64.08 68.76 1.07 64.16 68.85 1.07
3.0 73.04 78.51 1.07 73.13 78.61 1.07

& Detector 1 is off centerline and is located athe coordinates (-8.0084€5, 30.48, 1454.7) relative to the GENMASH source mesh. The
on-centerline detector 2 islocated at the coordinates (-8.0€5, 0.0, 1454.7). The coordinate unit iscm.

b Grp.-A isthe bottom 15 groups of the SCALE 18-group photon structure and Grp.-B isthe bottom 16 groups of the DABL 69 23-group photon
structure.

° Read as8.732 x 10’



Table 29. Comparison of GENMASH doserateswith TORT, DRC4, and
Test Program doser ates.

Time (h)
1.0 3.0

Method Dose Rate (rem/h) % Diff. Dose Rate (rem/h) % Diff.
GENMASH 38.57 0.0 67.51 0.0
TORT 24.73 135.9 40.26 140.4
DRC4? 31.25 119.0 50.60 1250
DRC4° 37.86 11.84 61.28 19.23
DRCA4° 39.73 3.01 64.34 14,70
DRC4 39.58 2.62 64.29 14,77
Test Program 41.14 6.66 66.42 11.61

& icbrt=2, xmin=0, xmax=9000, ymin=0, ymax=6000, zmin=0, zmax=800, xd=1250, yd=5500,
zd=770.04, xo(i)="18.1e5, yo(i)=0, zo(i)=0.

P jcbrt=3, xmin=0, xmax=9000, ymin=0, ymax=6000, zmin=0, zmax=800, xd=1250, yd=5500,
zd=770.04, xo(i)="18.1e5, yo(i)=0, zo(i)=0.

¢ ichrt=2, xmin=0, xmax=500, ymin=0, ymax=500, zmin=0, zmax=800, xd=250, yd=250, zd=770.04,
x0(i)=18.085€5, yo(i)=5250, zo(i)=0.

4 jcbrt=2, xmin=0, xmax=500, ymin=0, ymax=500, zmin=0, zmax=500, xd=250, yd=250, zd=250,
x0(i)=18.085€e5, yo(i)=5250, zo(i)=520.04.
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Figure 1. Exterior view of the two-story concrete building used in the DRC3SRF and DRCA4 test cases.
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Figure 3. X-Y planar dlicethrough building to show X-Y locations of detectorswithin the building. Thefirst- and second-floor
detectors have the same X and Y coordinates.
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Figure 6. 1-D airborne plume plus ground radiation sour ce distribution as a function of distance along the X-axis.
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Figure 7. 1-D ground radiation source distribution as a function of distance along the X-axis.
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Figure 8. Geometry for the Large, Ten-Story, Thin-Walled, Concrete Building.
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APPENDIX A

INPUT INSTRUCTIONS FOR VARIOUS CODES

A.1llnput Instructionsfor DRC4

Thefollowinginput instructionsare patterned after draft documentation written by M. B. Emmett for the
DRC code and on documentation for the DRC2 and DRC3 codes. The DRC4 codewas crested from
the DRC3SRF code, and it has provisonsfor coupling with DORT fluences (i.e. it performsthe functions
of DRC2), with TORT surfacefluences(i.e. it performsthefunctionsof DRC3SRF), aswell aswith plume
source directional fluences calculated in point-kernel manner from GENMASH energy- space- and
time-dependent plume sources. One option of the DRC4 code (idos=3) eliminates one or more stepsin
the coupling procedure. For example, the DORT fluences are processed with VISTA, the TORT fluences
areprocessed with the VIST3DP code, but no such processingisrequired by theidos=3 optionin DRCA.
Intheinput instructions, theterm "vehicle" isused to refer to an object or astructure that perturbs the
air-over-ground radiation field. Itismodeled in the localized MASH-MORSE caculation. A "vehicle
system" includes the object and the air and ground modeled in the MASH-MORSE cal culation.

Input Card A: (20a4) Title for this problem.

Input Card B: Free-form FIDO format - Begin with ™**" in columns 2 and 3.

1. xd - x-location (cm) of the detector in MASH-MORSE geometry.
2.yd - y-location (cm) of the detector in MASH-MORSE geometry.
3.zd - z-location (cm) of the detector in MASH-MORSE geometry.

4. zbot- bottom of coupling surface relative to MASH-MORSE geometry (cm).
5. ztop- top of coupling surface relative to MASH-MORSE geometry (cm).
6.iprt -  printout options

- O=print VISTA or VIST3DP file control data and vehicle doses

- 1=print VISTA or VIST3DP file control data and free-field spectra

- 2=print VISTA or VIST3DPfile control data, free-field spectra, vehicle doses and dose spectra,
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and protection factors

- 3=print VISTA or VIST3DP file control data, vehicle doses, and protection factors.
(Note: iprt must be 2 for unit 10 output).

7.watmx-  maximum adjoint particle weight accepted.
8. ndet- number of vehicle range/orientations.

9.idif -  0/>0 = same/different group structures for MASH-MORSE and VISTA data or
MASH-MORSE and VIST3DP data.

10. ksiz k-wordsof storageto be dlocated (0 usesthe default size of 100k words). Actudly, kszisnot
used. Thetota storage, maxsz, isfixed at 10,000,000. The vaue for maxsz should be set to
asmaller number for machines with less available core storage.

11.ibufsz- MASH-MORSE callision file record length in words (1625).

12. nparm-  number of parameters written on collision file (13).

13.idxy - 0=nox-y dataon collisionfile

- 1=x-y dataon collision file but no x-y dependence in the coupling calculation

- 2=x-y dataon collision file and x-y dependence in the coupling calculation
(Note: if idos=2 or 3, idxy has no effect).

14.iww - number of responses desired (less than or equal to 10. Note that aiww=0 implies 2
responses and iww must be > 0 for unit 11 to be written).

15.xg -  Xx-location(cm) of thevehicle system rotation point relativeto MASH-MORSE geometry.
16.yq -  y-location(cm) of thevehicle system rotation point rel ativeto MASH-M ORSE geometry.
17.interp -  1/2 = linear/exponential fluence interpolation.

18. xnorm-  response multiplier (default=1.0).

19.idos -  1/2/3 =directional fluencesresult from DORT/TORT/GENMASH.

20. nscflx - for idos=2, TORT scalar fluence file unit number if > 0.
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21.ifal- for idos=3, 0/1=no effect/include directional fluences from fallout on top of structure.

22. xmin for idos=3, minimum x (cm) in MASH-MORSE for structure.
23.xmax -  for idos=3, maximum x (cm) in MASH-MORSE for structure.

24. ymin

for idos=3, minimumy (cm) in MASH-MORSE for structure.

25.ymax -  for idos=3, maximumy (cm) in MASH-MORSE for structure.

26.zmin -  foridos=3, minimum z (cm) in MASH-MORSE for structure (most likely set to the
minimum z for GENMASH).
27.zmax -  foridos=3, maximum z (cm) in MASH-MORSE for structure.

28.kyold -  for idos=3, 0/1/2=no effect/write DRC4 directional fluences to unit noldg/read
previously-cal culated DRC4 directional fluences from unit noldg.

29.gmin -  for idos=3, value below which the GENMASH source value is set to zero.

30. mpts -  for idos=3, number of pointsin each spatial direction on abox surrounding the target
structure at which DRC4 directional fluences will be calculated for each
space-time/orientation (2 appears to be sufficient and calculation time increases
exponentially with increases in mpts).

(Note: al the above parameters are input as real numbers and are converted to integers where required).

Input Card C: If idos=3, the four-character name of the 3-D quadrature set used to bin the DRC4
directional fluences.

Input Card D: Ranges, vehicle-system/source-system z-offsets, and orientation arrays - Free-form FIDO
format - Begin with **" in columns 2 and 3.

Ranges: (xo(i),i=1,ndet) (cm) - DORT radii or TORT or GENMASH x-distanceto thevehicle
system rotation point for each case.

Ranges: (yo(i),i=1,ndet) (cm) - TORT or GENMA SH y-distanceto the vehicle system rotation
point for each case (set to 0.0 for idos=1).
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MASH-MORSE-DORT, MASH-MORSE-TORT, or MASH-MORSE-GENMASH z-offsets:
(zo(i),i=1,ndet) - DORT, TORT, or GENMASH ground-air interface z-location (cm) minus
MASH-MORSE ground-air interface z-location (cm). For ssimplicity, the MASH-MORSE
ground-air interface should be placed at z=0.0. Then one need only specify the locations of the
DORT, TORT, or GENMASH ground-air interface.

time values at which GENMASH directional fluences are to be calculated: (to(i),i=1,ndet)
(GENMASH sourcefiletimeunits) - thereisaprovison for interpolation between the GENMASH
source times. (always input but used only if idos=3).

Orientation array: (dpha(i),i=1,ndet) - orientation angles (degrees counterclockwise) of thevehicle
system with respect to the positive portion of the DORT, TORT, or GENMASH system x-axis.

Input Card E:  (if idif > 0) nneut,ngam - Free-form FIDO format - Begin with in columns 2 and 3.
(input is not necessary if 1dos=3, energies are obtained from the GENMASH file).

nneut - group number of lowest energy neutron group in VISTA or VIST3DP.

ngam - group number of lowest energy photon group in VISTA or VIST3DP.

Input Card F: (if idif > 0) VISTA or VIST3DP energy group boundaries (nog+2 entries).® Free-form
FIDO - Begin with **'in columns 2 and 3. Enter neutron upper energy boundariesin
descending order followed by photon upper energy boundaries in descending order
followed by the lower energy boundaries of the 'ngam’' photon group and the 'nneut’
neutron group.

Input Card G: (20a4) Alphanumeric Title Information.

Input Card H: (20a4) Title or units for total responses for all detectors,

Input Card I: (20a4) Title or units for each total response nr.

Input Card J: Response Function nr - Free-form FIDO format - Begin with **"in columns 2 and 3.

(resp(i,nr),i=1,nmtg) - enter values in order of decreasing energy.

Repeat Cards | and Jfor each response function.

“nog is read from the VISTA or VIST3DP file and is the number of groups for which data is
provided on the file.
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Input Card K: (20a4) Title or units for energy dependent fluence.

To run additional cases, respecify all cards.
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A.2Input Instructionsfor GENTORT
1. Problem Title (18a4 format)
2. up to 30-character name for local file linked to the TORT input file
3. Block 1 input.
0* Array [11 entries)
txo TORT origin x-location relative to plume source geometry
tyo TORT origin y-location relative to plume source geometry
tzo TORT origin z-location relative to plume source geometry
tang TORT geometry orientation relative to the plume source geometry
zgrndTORT z-location of the ground surface
xlo  TORT minimum x extent of building
XhiTORT maximum x extent of building
ylo TORT minimum y extent of building
yhiTORT maximum y extent of building
ZIoTORT minimum z extent of building
zhiTORT maximum z extent of building
1$ Array [5 entries]
ngin unit number for the GENMASH sourcefile
kittime step at which sourceis selected
npctr 0/1=no effect/print sources at key positions (specified in TORT input)

interpl/2=use linear/exponential interpolation

81



ipert 0/>0=no effect/zero source in region occupied by building

End of Block 1. End with a"t".
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A.3Input Instructionsfor PLATEQ
1. Problem Title (1824 format)
2. Block 1 Input
0% Array [14 entries]
nplate unit number for output plateout source file
nplume unit number for plume source input file
igm number of output energy groups
iIm  number of i-intervals for TORT calculation
jm  number of j-intervals for TORT calculation
km number of k-intervals for TORT calculation
i1 firsti-patchinterval for TORT calculation
12 lasti-patch interval for TORT calculation
j1  firstj-patch interval for TORT calculation
j2  lastj-patch interval for TORT calculation
k1 first k-patch interval for TORT calculation
k2 last k-patch interval for TORT calculation
it  selected time step for which plateout source is output
1* Array [3 entries|
Xc Xx-position of TORT origin in plume source geometry
yc y-position of TORT origin in plume source geometry

ang angle (deg.) by which the TORT geometry isrotated in the plume source geometry
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End of Block 1. End with a"t".

3. Block 2 input
2* Array [im+1 entries] - TORT geometry x-boundaries.
3* Array [jm+1 entries] - TORT geometry y-boundaries.
4* Array [km+1 entries] - TORT geometry z-boundaries.

5* Array [igm+2 entries] - output energy-group boundaries (eV) from high to low energies:
(eo(ig).ig=1,igm+2).

End of Block 2. End with "t".



A.4 Input Instructionsfor VIST3DP
Problem Title (20a4 format)
1$ Array [8 entries)

nuncfunit number for theinput TORT uncollided scdar fluencefile (if > 0). Thisfileisfor thefull TORT
geometry.

nflsv unit number for the input TORT scalar fluencefile.
nuncaunit number for the input uncollided boundary fluencefile (if > 0).
naft unit number for the input boundary fluence file from TORT/TORSET.
nflo unit number for the output patch geometry scalar fluencefile.
nafo unit number for the output boundary fluence file for coupling with DRC3SRF.
nplate unit number for input isotropic plateout source (created by program PLATEQ).
naf o2unit number for an output boundary fluencefilefor TORT (if >0, otherwise use source from naft).
End of Block 1. End witha"t".
81* Array [mm values] weightsfor 3-D quadrature selected for TORSET.
82* Array [mm values| mu values for 3-D quadrature selected for TORSET.
83* Array [mm values] etavaluesfor 3-D quadrature selected for TORSET.

End of Block 2. End with a"t".
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A.5 Input Instructionsfor QUAD3D
1. Problem Title [18a4 format]
2. Block 1 Input
1$ Array [2 entries]
nquad number of 3-D quadrature sets to be processed
ntq unit number for the quadrature output file
End of Block 1. End with a"t".
3. four-character names for the quadrature sets [format (14(a4,1x))]
4. Block 2 Input
2% Array [nquad entries] - mmq array: number of directionsin each quadrature set
End of Block 2. End with a"t".
5. Blocks 3 Through nquad+2 Input - 3-D quadrature data from unit 10°
do ng=1,nquad
Read the following block of data:
81* Array [mmq(nq) entries] - 3-D quadrature weights for set nq
82* Array [mmq(nq) entries] - 3-D quadrature mu values for set nq
83* Array [mmq(nq) entries] - 3-D quadrature eta values for set nq
End of Block ng+2. End with a"t".

enddo

9The initial quadrature data file consists of the TORT quadrature file sncon3d minus the Sg and
smaller quadrature sets and the LANL quadrature sets. The total number of remaining sets is 13.
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A.6 Input Instructionsfor G2GAIR

1. Problem Title [18a4 format]

2. Block 1 Input
1$ Array [9 entries]
igm number of energy groupsin ANISN calculations
im  number of intervalsin ANISN calculations
imo number of output locations for output angular fluence data
isn  number of nonzero-weight anglesin the ANISN quadrature
jgskp  number of groups for which data will be skipped on each ANISN fluence file
ntl unit number for the first ANISN angular fluence file
nt2 unit number for the output fluence file
ism number of anglesin the output quadrature

neut  number of neutron groups. (If neut > O, the output number of neutron groupswill be different
from neut if jgskp > 0)

2* Array [2 entrie]
constm constant multiplier that normalizes the ANISN angular fluences®

rref referencer from which to cal cul ate distances from thesource to various detectors (aval ue equa
to half the point-source radius is recommended)

End of Block 1. End with a"t".

3. Block 2 Input

®constm is the inverse of a constant used in ANISN to keep calculated fluxes within the allowable
range of real numbers on the IBM RISC workstations.
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3* Array [im+1 entries] - spatial mesh boundaries for ANISN calculations
4* Array [isn+1 entries] - ANISN 1-D quadrature cosines
5* Array [isn+1 entries] - ANISN 1-D quadrature weights
6* Array [imo entries] - spatial locations at which fluences will be output

7% Array [isn+1 entries] - output quadrature angles corresponding to input quadrature (use O for the
zero-weight angle)

8* Array [igm+2 entries| - energy group top boundaries from high to low followed by the bottom
energy boundaries of groupsigm and neut3
End of Block 2. End with a"t".

Cases may be stacked by respecifying input at steps 1-3.
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APPENDIX B

DESCRIPTIONS OF FILESUSED OR CREATED BY VARIOUS CODES

B.1 DRC4 Directional Fluence File For mat
Record 1. mm - number of directionsin 3-D quadrature used to bin fluences

Record 2: (cosl(m),m=1,mm),(cosu(m),m=1,mm),(phil(m),m=1,mm),(phiu(m),m=1,mm),
(wts(m),m=1,mm),(amu(m),m=1,mm),(eta(m),m=1,mm),(xzi(m),m=1,mm),
(((smesn(i,k,jdet),i=1,3) k=1 kpts),jdet=1,ndet)

Records 3 through nmtg* ndet+2:

do ig=1,nmtg
do jdet=1,ndet
((flxm(m,k,jdet,ig),m=1,mm),k=1,kpts)
enddo

enddo

Notes:

cod and cosu arethe lower and upper polar cosine boundaries of the 3-D quadrature solid angles, and phil
and phiu arethelower and upper azimuthal angle boundaries of the 3-D quadrature solid angles. wts, amu,
etaare the quadrature componentsinput to TORT and xzi are the computed y-direction cosines. kptsis
the number of fluence points surrounding the structure for each of the ndet space-time/orientationsthat the
user specifies. nmtgisthe number of energy groups, and theflxm array containsthedirectional fluences.
Thisfileiswrittenif kyold=1 and isread if kyold=2; thereisno effect if kyold=0. Thefluencesfromthis
filearevdid for changesin the MASH-M ORSE adjoint source location or changesin the orientation of
the structure. However, ndet in follow-on cases must be the same as that for the initial case.
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B.2 GENMASH Sour ce File Format
Record 1: nx, ny, nz, nng, ngg, nit, jmesh
Record 2: (sx(i),i=1,nx),(sy(i),i=1,ny),(sz(i),i=1,nz)
Record 3: (eb(ig),ig=1,nng+1),(eb(nng+1+ig),ig=1,ngg+1)
Record 4: (t(it),it=1,nit)
Records 5 through (nz+1)* nit+4:

do it=1,nit

do k=1,nzz+1

(((plumeq(ig,ij).ig=1,n0g),i=1,nxx),j=1,nyy)
enddo
enddo

Notes:

nx, ny, and nz are the number of X, y, and z source mesh, respectively. nng and ngg are the number of
neutron and photon groups and nit isthe number of time steps. jmesh tellswhether the sourcefile dataare
mesh-centered (jmesh=1) or mesh-edged (jmesh=0). nxx=nx, nyy=ny, and nzz=nz for jmesh=0, and
nxx=nx-1, nyy=ny-1, and nzz=nz-1 for jmesh=1. sx, Sy, and sz aretheX, y, and z source mesh boundaries
(jmesh=1) or source locations (jmesh=0). Thesourceisordered by k-plane and time on thefilewith the
first k-plane being the ground source and k-planes 2 through nz+1 being the airborne source.
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B.3 GENTORT Output File Format

Thisisasource momentsfileinthe TORT VARMOM format. TheVARMOM fileformat wasdevel oped
by R. A. Lillieof ORNL, and it takesalmogt dl of its structure from the 2-D DORT VARSOR fileformat
and the 3-D TORT FLXMOM and VARSCL file formats. It was created to allow discontinuous mesh
distributed source data to be written to afile which could then be read by the current version of TORT.
The structure of thisfile format follows:

C

C
C***********************************************************************************
C 20 MAY 97

C

CF VARMOM

CE VARIABLE MESH CELL-AVERAGE DATA

C
C***********************************************************************************
C

CC ORDER OF GROUPSISBY DECREASING ENERGY;

CC NEUTRONSTHEN PHOTONS - REVERSE IF ADJOINT

CC | ISTHE FIRST -DIMENSION INDEX

CC  JISTHE SECOND -DIMENSION INDEX

CC K ISTHE THIRD -DIMENSION INDEX

CC  IMA=IABS(IM)

C

CC MULT=11F WORD LENGTH IS8 BYTES, MULT=2IF 4 BYTES

C

CC  WHEN IM.GT.0, THE MESH ISREGULAR (CONTINUOUS) WITH

CC  IM CELLSIN EACH ROW AND JM ROWS IN EACH PLANE,

CC  ISM=JSM=KSM=1. IMS=IM, JMS=JM.

C

CC  WHEN IM.LT.0, THE MESH 1S DISCONTINUOUS, EACH PLANE

CC  CONTAINSJIMSROWS, WHERE JMS=IJMBJS(JSET(K)). EACH

CC ROW CONTAINSIMS CELLS, WHERE IMS=IMBIS(ISET(JK)).

CC  (JK) DENOTESJ+ SUM OF IMS(KK) OVER KK=1,....K-1.

C

CC  CELL AVERAGE RESPONSE DATA USES IFMOM=1, IFBND=0, LM=0.
C

CC  DISTRIBUTED SOURCE MOMENT DATA USES IFMOM=1, IFBND=0,
CC  LM>O.

C

CC  CELL AVERAGE FLUX MOMENT DATA USES IFMOM=1, IFBND=1,
CC  LM>0. (AT PRESENT TIME, DUMMY RECORDS ARE WRITTEN

CC  FOR THE BOUNDARY FLUX DATA)
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CS FILESTRUCTURE

C

(O RECORD TYPE PRESENT IF

C eememmmeceeceee

CS FILE IDENTIFICATION ALWAYS

CS FILE LABEL ALWAYS
CS INTEGER PARAMETERS ALWAYS

CS INDEXING ARRAYS ALWAYS

CS REAL ARRAYS ALWAYS

C

CS * *¥*xxxxixx REPEAT OVER ALL RESPONSES (NRESP)

cs ~*

cs ~ CELL RESPONSE DATA IFIFMOM.GT.0 AND LM.EQ.O
cs ~

CS R R R R R R R b R R e e e e R R

C

CS ***xx¥kixxsx REPEAT OVER ALL GROUPS (IGM)

cs *

CS * xxxxxxx REPEAT OVER ALL ROWS (IMSKM)

CS * *

CS * * CELL MOMENT DATA IFIFMOM.GT.0 AND LM.GT.0
CS * *

CS * LR R R R R R R ke R R Rk e R

cs ~*

CS * |-BOUNDARY DIRECTIONAL DATA IFIFBND.GT.O0
CS * JBOUNDARY DIRECTIONAL DATA IFIFBND.GT.O0
CS * K-BOUNDARY DIRECTIONAL DATA IFIFBND.GT.O
cs ~*

CS khkkhkkkhkkkkhkkhkhhkkhkkhkhkhkkhkhhkhkkhkhkkhkkhkhkkhkkkikkkx*

C

CS * *¥*xxxxiixx REPEAT OVER ALL GROUPS (IGM)

cs ~*

CS *  xx¥xxxx REPEAT OVER ALL PLANES (KM)

CS * *

CS * * UNCOLLIDED SCALAR FLUXES IFISOP.EQ.1
CS * *

CS * khkkhkkkhkkkhkkhkkhhkkhkkhkhkkkhkkhkhhkkhkkhkhkkikkkk*%

cs ~

CS R R R R R R b R R e e e e R R R b

C

G e

C
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Crm s

CR FILE IDENTIFICATION

C

CL HNAME,(HUSE(1),1=1,2),IVERS

C

CW NUMBER OF WORDS= 4*MULT

C

CD HNAME FILE NAME

CD HUSE(l) USER IDENTIFICATION

CD IVERS FILE VERSION NUMBER

C

Crm s

C

C

(S

CR FILE LABEL

C

CL DATE,USER,CHARGE,CASE, TIME,(TITL(),I=1,12)

C

CW NUMBER OF WORDS= 17*MULT

C

CD DATE AS PROVIDED BY TIMER OPTION 4 - (A6)
CD USER AS PROVIDED BY TIMER OPTION 5 - (A6)
CD CHARGE AS PROVIDED BY TIMER OPTION 6 - (A6)
CD CASE AS PROVIDED BY TIMER OPTION 7 - (A6)
CD TIME AS PROVIDED BY TIMER OPTION 8 - (A6)

CD TITL() TITLE PROVIDED BY USER - (A6)
C

(S

C

C

(S

CR INTEGER PARAMETERS
C
CL IGM,IM,OM KM, IZM ,NEUT,ISM,ISM,IMSISM,IMSISM,IM SKM,NCONV ,NJBLK,
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CL

Ccw

CD
CD
CD
CD
CD
CD

LM,NRESP,IFMOM,IFBND,|SOP,(IDUM(1),I=1,7)

NUMBER OF WORDS= 25
IGM NUMBER OF ENERGY GROUPS
IM MAXIMUM NUMBER OF CELLSIN ANY ROW
M MAXIMUM NUMBER OF ROWS IN ANY PLANE
KM NUMBER OF PLANES
1ZM NUMBER OF MATERIAL ZONES
NEUT NUMBER OF NEUTRON GROUPS
(IGM IF ALL NEUTRONS, 0 IF ALL PHOTONS)
ISM NUMBER OF ISETS
JSM NUMBER OF JSETS
IMSISM SUM OF IMSOVERALL ISM
IMSISM SUM OF JMMS OVER ALL JSM
IMSKM SUM OF JMS OVER KM (TOTAL NO. OF ROWS)
NCONV NUMBER OF LAST GROUP CONVERGED
NJIBLK NUMBER OF SPACE MESH BLOCKS PER GROUP
LM LENGTH OF MOMENT EXPANSION;
0 FOR SCALAR DATA
NRESP NUMBER OF RESPONSES
IFMOM 1 IF RESPONSE OR MOMENT RECORDS
ARE PRESENT
IFBND 1IF BOUNDARY RECORDS ARE PRESENT
ISOP 11F UNCOLLIDED FLUX RECORDS ARE PRESENT
IDUM() ARRAY SET TO 0

CR INDEXING ARRAYS

C
CL
CL
C
Ccw
C
CD
CD
CD
CD

(IMBIS(IS),1S=1,ISM), (IMBJS(JS),JS=1,JSM),
(ISET(IK),J=1,MS),K=1,KM), (JSET(K),K=1,KM)

NUMBER OF WORDS= ISM+JSM+IMSKM+KM

IMBIS(1S) NUMBER OF CELLSIN I-SET IS
JMBJS(JS) NUMBER OF ROWSIN J-SET JS
ISET(NK) [-SET ASSIGNED TO ROW JIN PLANE K
JSET(K) J-SET ASSIGNED TO PLANE K
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CR REAL ARRAYS

C
CL
CL
CL
C
Ccw
C
CD
CD
CD
C
CD
CD
CD
CD
CD

((X(1),1=1,IMSISM+ISM), ((Y (3),J=1,IM SISM+JSM),
(Z(K),K=1,KM+1), (ENER(IG),IG=1,1GM),EMIN,ENEUT,
(DAMPG(1G),IG=1,2*IGM)

NUMBER OF WORDS= IMSISM+ISM+IJM SISM+JSM+KM+3*IGM+3

X(1) I-INTERVAL BOUNDARIES FOR ALL ISETS

Y(J) JINTERVAL BOUNDARIES FOR ALL JSETS

Z(K) K-INTERVAL BOUNDARIES

ENER(IG) TOP ENERGY BOUNDARY OF GROUPIG

EMIN BOTTOM ENERGY BOUNDARY OF GROUP IGM
(0 IF NEUT=IGM)

ENEUT BOTTOM ENERGY BOUNDARY OF GROUP NEUT
(0 IF NEUT=0)

DAMPG RESTART ACCELERATION DAMPING DATA

CR CELL RESPONSE DATA

C
CL
C
Ccw
C
CD

(CLRES(I,JK),I=1,IMS),J=1,JMS),K=1,KM)
NUMBER OF WORDS= SUM OF IMS OVER JAND K

CLRES CELL-AVERAGE RESPONSE DATA
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CR CELL MOMENT DATA

gL ((FLUM(1,L),1=1,IMS),L=1,LM)

gw NUMBER OF WORDS= IMS(JK)*LM

gD IMS(JIK) NUMBER OF CELLSIN ROW JOF PLANE K

CD FLUM CELL-AVERAGE MOMENT DATA

CR |- BOUNDARY DIRECTIONAL FLUX
C

CL ZERO

C

CW NUMBER OF WORDS=1

CR JBOUNDARY DIRECTIONAL FLUX
C

CL ZERO

C

CW NUMBER OF WORDS=1
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CR K-BOUNDARY DIRECTIONAL FLUX
C

CL ZERO

C

CW NUMBER OF WORDS=1

CR UNCOLLIDED FLUX DATA
gL ((FL1J(1,9),1=1,IMS) J=1,IMS)

gw NUMBER OF WORDS= SUM OF IMS OVER J

gD FLIJ CELL-AVERAGE UNCOLLIDED FLUX DATA
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B.4 QUAD3D Output File Format
Records 1 through 2* nquad:
do ng=1,nquad
gnam(ng),mma(na)

(cod(m),m=1,mmq(ng)), (cosu(m),m=1,mmq(ng)), (phil(m),m=1,mmq(ng)), (phiu(m),m=1,mmag(ng)),
(wts(m),m=1,mmq(nq)), (amu(m),m=1,mma(ng)), (eta(m),m=1,mmq(nq)), (xzi(m),m=1,mmaq(nqg))

enddo
Notes:
nguad isthe number of 3-D quadrature setson thefile (13), gnam(nq) isthe 4-character name givento
quadrature set ng, and mmq(nq) isthe number of directionsin quadrature set ng. cod and cosu arethe
lower and upper polar cosine boundaries of the 3-D quadrature solid angles, and phil and phiu are the

lower and upper azimuthal angle boundaries of the 3-D quadrature solid angles. wts, amu, etaarethe
guadrature components input to TORT and xzi are the computed y-direction cosines.
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B.5 G2GAIR Output File For mat
Record 1: (titl(i),i=1,18)
Record 2: jgm, neuto, imo, ism, constm, rref
Record 3: (rout2(i),i=1,imo), (amu2(m),m=1,ism), (wts2(m),m=1,ism), (e3(jgskp+ig),ig=1,jgm+2)
Records 4 through jgm*jgm+3
doig=1,jgm

dojg=1,jgm

((xtr(m,i,jg,ig),m=1,ism),i=1,imo)

enddo

enddo
Notes:

titl isthe problem titlein 18 four-character words. jgm=igm-jgskp. The elements of the array rout2 are
the user-specified output fluence positionsless rref, and the arrays amu2 and wts2 are the cosines and
weights derived from binning the ANISN quadrature and dropping the zero-weight angle. Thextr array
containstheangular fluencesat the output spatial locations. neuto=max(neut-jgskp,0). Other parameters
are as defined in the input instructions.
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B.6 PLATEQ Output File Format
Record 1: (hnam(i),i=1,4)
Record 2: (datex(i),i=1,5), (titl(i),i=1,12)
Record 3:1i1,1i2, )1, )2, k1, k2, igm
Record 4: (xb(i),i=i1,i2), (yb().j=j1,j2), (zb(k),k=k1,k2)
Records 5 through igm+4:
doig=1,igm
((gs(i,j).i=1,imc),j=1,jmc)
enddo
Notes:
i1,i2,j1,]j2, k1, and k2 are the minimum and maximum patch boundary intervals for x, y, and z,
respectively. xb, yb, and zb arethe midinterval valuesof x, y, and z. imc=i2+1-i1 and jmc=j2+1-j1. The

gsarray givestheground sourceinthe TORT group structurefor mesh cellslying withinthei and j patch
boundaries. Thefirst two records just give character data for file identification.
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B.7 VIST3DP Scalar Fluence File Format

Thisfileisused by DRC3SRF or DRC4 (idos=2) to obtain the free-field fluences at specified locations.
Fluences are both input from and output to a fixed-mesh file.

Record 1: (hnam(i),i=1,4)
Record 2: (titx(i),i=1,14)
Record 3: igm, im, jm, km, izm, neut, ione, ione, niflx, njflx, nkflx, (izero, i=1,14)
Record 4: ione
Record 5: ione
Record 6: (x(i),i=1,im+1), (y(j),j=1,jm+1), (z(k),k=1,km+1), (aone, n=1,3*igm+2)
Records 7 through km+6:
do k=1,km
ione
enddo
Records km+7 through (igm+1)* km+6:
doig=1,igm
do k=1,km
((fIx(i,j),i=1,im),j=1,jm)
enddo
enddo
Notes:

izero=0, ione=1, aone=1.0, niflx=im, njfIx=jm, nkfix=km, and fIx isthe scalar fluencearray for planek and
group ig. Other parameters are defined asin TORT. titl isthe VIST3DP problem title in eighteen
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single-precison words. titx isthe TORT problem title in nine double-precision words. Note that the
variabletitx isas specified in the DOORS description of the "varscl” fileformat. Thisformat showsnine
words of eight characters each. Other file formats show twelve double-precision words with only six
characters from the title being stored in each one.
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B.8 VIST3DP Directional Fluence File Format
Thisfilecontainsdirectiona fluencesfor afixed mesh. Theinput fileisonethat resultsfrom the processing
of aTORT patch boundary directiona fluencefilethrough TORSET. Theuncollided and collided fluences
are combined and the results are normalized to the total scalar fluencesif the dataare provided. The
uncollided directiond fluencesareinput if needed. They can be recongtructed externdly from the uncollided
fluence moments. Thefirst and second records of thefile are made nearly compatiblewith the VISTA
output file used for DORT-MASH coupling. Therefore, some of the data written are just placeholders.
Record 1: (titl(i),i=1,18),(titx(j),j=6,14)
Record 2: igm, im, jm, km, mm, igp, mmdn, mmup, niflx, njflx, nkflx, jstrt, jlst
Record 3: (xb(i),i=1,im), (yb(j),j=1,jm), (zb(k),k=1,km)
Record 4: (wts(m),m=1,mm), (amu(m),m=1,mm), (eta(m),m=1,mm), (xzi(m),m=1,mm)
Record 5: (cosl(m),m=1,mm), (cosu(m),m=1,mm), (phil(m),m=1,mm), (phiu(m),m=1,mm)
Record 6: (xyzb(i),i=1,6)
Records 7 through 3*igm+6

doig=1,igm

(((bx(m,j,k),m=1,mm),j=1,jm),k=1,km)

((by(m,i,k),m=1,mm),i=1,im),k=1,km)

(((bz(m,i,j),m=1,mm),i=1,im),j=1,jm)

enddo
Definitions:
titt  VIST3DP problem title in eighteen single-precision words.
titx TORT problem title in nine double-precision words that are read from the TORSET output file.
igm Number of energy groups.

im Number of x intervals for the TORSET file.

jm Number of y intervals for the TORSET file.

106



km Number of z intervals for the TORSET file.

mm Number of quadrature directions.

igp igm+1

mmdn Number of downward directions in the quadrature set.

mmup Number of upward directions in the quadrature set.

niflxim.

njfixjm.

nkflxm.

jstrt No meaning here. For VISTA, thisisthe lower z-interval bounding the target geometry.
jlst No meaning here. For VISTA, thisisthe upper z-interval bounding the target geometry.
wts Quadrature weights.

amu Quadrature x-direction cosines.

xzi Quadrature y-direction cosines.

eta Quadrature z-direction cosines.

cosl Lower polar cosine boundaries of the quadrature solid angle bins.

cosuUpper polar cosine boundaries of the quadrature solid angle bins.

phil Lower azimuthal angle boundaries of the quadrature solid angle bins.

phiuUpper azimuthal angle boundaries of the quadrature solid angle bins.

xb x-interval midpoint locations where fluences are outpui.

yb y-interval midpoint locations where fluences are output.

zb z-interval midpoint locations where fluences are outpui.
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xyzbx, y, and z locations of the left, right, inner, outer, bottom, and top boundary surfaces.

bx Directional fluence array for the x-boundary surfaces (one group at atime).

by Directional fluence array for the y-boundary surfaces (one group at atime).

bz Directional fluence array for the z-boundary surfaces (one group at atime).

Notethat the variabletitx isas pecified in the DOORS description of the "dirflx" fileformat. Thisformat
shows ninewords of eight characterseach. Other fileformats show twelve double-precision wordswith

only six charactersfrom thetitle being stored in each one. The optional output TORT boundary fluence
fileiswritten in VARBND format.
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