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ABSTRACT

Several recent analyses using the multigroupMORSE Monte Carlo code are presented. (1)
In the calculation of a highly directional-dependent neutron streaming experiment it is
shown that P7 cross section representation produces results virtually identical with those
from an analog code. Use has been made here of a recently released ENDF/B-VI data set.
(2) In the analysis of neutron distributions inside the water-cooled ORELA accelerator
target and positron source, an analytic hydrogen scatteringmodel is incorporated into the
otherwise multigroup treatment. (3) The radiationfrom a nuclear weapon is analyzed in a
large concretebuilding in Nagasaki by couplingMORSE and the DOT discreteordinates
c_..e. The spatial variation of the DOT-generatedfree-field radiationis utilized, and the
building is modeled with the array featureof the MORSEgeometry package. (4) An
analytic directional biasing, applicableto the discrete scatteringangle procedure in
MORSE, is combined with the exponentialtransform. As in more general studies, it is
shown that the combinedbiasing is more efficient than either biasing used separately.
Other tracking improvementsare includedin a difficult streaming and penetration
radiationanalysis through a concretestructure.Proposals are given for the code generationof the required biasingparameters.
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The MORSE multigroup Monte Carlot'2 code has been in general use worldwide for
almost twenty-five years. Although various improvements have been added over the years,
the basic framework of the code has remained unchanged. Because of the multigroup
cross-section structure no code changes are necessary when new data and formats are
released, the necessary changes being made in the cross-section processing codes. The
ability to adapt MORSE to almost any type of radiation transport problem, through the use
of the user-written routine interface, has enabled many installations to customize the code
according to local needs.

One of the potentially serious problem areas in the use of MORSE is low-order Ps
expansion for directionally-dependent systems. This is illustrated in the analysis of a
neutron streaming experiment shown in Fig. 1.3Neutrons are created in the target by the
deuteron beam. Small detectors (simulated as points in the analysis) are located at 40 cm
off the axis at 3 and 4 meters from the target. A differential analysis has shown that the
high-energy neutrons scattered to these detectors are dominated by first collisions near the
exit of the duct. In Fig. 2 the flux at the 3 meter detector for a P3 MORSE calculation is
compared to the experimental results and also to an MCNP4 calculation. The difference
in calculational results (both using ENDF/B-V data) virtually disappears when the MORSE
cross-section expansion is extended to P7 (see Fig. 3). Similar results for the 4 meter
detector are shown in Figs. 4 and 5. Due to the positions of the two detectors relative to
the first collision sites, the P3 results are too high in one case and too low in the other.
The analysis of this experimental system was initially involved with attempting to resolve
the experimental-calculational discrepancies in the high-energy peak, arid not as a
companion of calculational methods and codes. The discrepancies remz,in unresolved, but
the results illustrate the proper utilization of the PS expansion. MORSE calculations have
also been made for the two detectors using ENDF/B-VI data (collapsed from the VITA-
MIN-J group structure for comparison with the VITAMIN-E structure), _ but no improve-
ment in the high-energy comparisons from Fig. 3 and 5 were found. There was some
change in the low, intermediate-energy fluxes, where the uncertainty in ali results is the
greatest and where the difference in the two Monte Carlo code scattering models and data
can be seen.

The use of a few energy groups to cover wide energy ranges has also been a source of
error for any multigroup cross-section method of analysis. However, with large sets such
as the 174-38 group neutron-photon VITAMIN-E library now in general use, this source
of error has greatly diminished. This library has been used in MORSE, with a Ps
expansion, in the neutron analysis of the Oak Ridge Electron Linear Accelerator (ORELA)
target and positron source system, 6 both water-cooled and shown schematically in Figs. 6
and 7. The energy range covered was 20 MeV to 10 eV. The electron beam produces a
bremsstrahlung photon source in the tantalum plates, which then produces neutrons via
photoneutron reactions and positrons via pair production in aluminum-clad tungsten plates.
The neutrons are collected into beam tubes of various lengths for time-of-flight cross-
section measurements. Of particular interest was the calculation of the delay time distribu-
tions (resolution function) of the neutrons inside the target between birth (electron pulse)



and escape into the flight tube. This resolution function was computed in MORSE by
redefining the time variable as a distance equal to the elapsed time in the target multiplied
by the neutron mid-group velocity at escape. A second change introduced into the code
was an analytic hydrogen scattering model to more properly account for neutron collisions
with hydrogen in the cooling water of both the target and positron source. An extra cross-
section mixture for hydrogen, with an atomic density of that for the nuclide in water, was
made available in the standard mixing procedure. For each collision in water a random
determination was made of the struck nuclide using this extra data. An oxygen collision
proceeded in the normal multigroup mode, but for hydrogen the outgoing direction and
energy were determined analytically and then re-coupled with the standard method. A
third non-standard feature of the ORELA target analysis consisted of a next-event type
coupling calculation from the target to the positron source, then following neutron
collisions there, a second coupling back into the target. In this manner the effect of
neutron backscatter from the positron source on the target resolution function could be
determined. The posi_tsonextraction tube, located further from the target, was ignored. A
typical set of calculated data is shown in Fig. 8 in the form of the probability of an
effective neutron distance in the target at escape. The two components of this data were
not analyzed experimentally. The calculated leakage spectra from the target is shown in
Fig. 9 and compared with an earlier, less detailed model analysis using a continuous-
energy code. 7 Here a shadow bar, blocking the neutron escape from the tantalum plate
area, was simulated in both calculations. In Fig. I0 the MORSE-calculated effective
distance spectrum is shown. The slight maximum and then high-energy decline of the
distributions, for escape from the tantalum plate area only, has been observed experimen-
tally.

In another analysis using MORSE, several code features and applications of multi-
group Monte Carlo are presented: (1) general discrete ordinate-Monte Carlo coupling, (2)
adjoint mode of operation, (3) forward flux spectra from adjoint calculations, and
(4) array geometry capability. The calculations are for radiation doses and neutron
activation at various locations in Hiroshima and Nagasaki due to the nuclear weapon
detonations over these cities in World War II.s The coupling geometry is shown in Fig.
11, and the source point is on the central cylindrical axis (not shown). The forward
discrete ordinate free-field, air-over-ground angular flux is made available at the indicated
node points in the cylindrical volume element by a calculational sweep through the angle
,_ff. When an adjoint Monte Carlo particle escapes the interior geometry, the appropriate
discrete ordinate forward flux is determined by interpolations in space, closest polar angle
cosine and azimuthal angle, and one-to-one correspondence in energy group. The result is
given for general phase space coordinate p

.
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where 4_(.o)is _s_, the discrete ordinate flux in group g/, and _" (p)_" t'l) is the adjoint
O

leakage current Js//. This coupling procedure represents an increased capability over the
much-used DOMINO code,9 in which the MORSE geometry must be exterior to the
entire cylinder of the discrete ordinates calculation (A_kmust be 2_r). The forward flux in
group g at the adjoint source point (detector location) is determined by

z, i I °. ,2,
coupling _ • O >0
_rf_,o

where the adjoint group number at escape is g n=N-gt+l, N is the total number of
groups, and 4nN is the adjoint source normalization.2 The adjoint source group g is
selected uniformly within the N groups and this value is retained by the particle history
and used to score in the above integral at escape. In the evaluation of an energy-integrated
quantity the adjoint source g is selected from an energy-dependentresponse function, and
no furtherreference is made to this group number.In the applicationof this coupling
procedure, a large concretebuilding in Nagasaki was modeled as shown in Fig. 12. It was
placed inside the coupling system replacing the geometry in Fig. 11 at the proper
orientation as indicatedin Fig. 12, approximately500 meters groundrange from and 500
meters below the detonationpoint. The vertical and horizontal lhaes on the exteriorof the
building represent the arraymatrix, into which individually modeled segments of the
building were placed by appropriateinput instructions. The results of the calculation were
given as radiationreduction factors at locations interior to the building relative to the free
field radiationat those locations with no buildingpresent. For the weapon neutronoutput
only, the reductionfactors at the center of the buildingon the first floor were calculated
by the coupling method to be 14+8% for neutrondose and 275:12% for secondary
photon dose. The three-dimensionalcode TORTl° computed these values to be 13 and
26, respectively.

Ali the above analyses were made with an ORNL i'a-houseversion of MORSE which
uses combined directional and path length biasing.11The advantages of this combined
biasing scheme are (1) the outgoing direction atter collision is preferentiallybiased toward
(or away from) the same point toward which pathlengths are preferentiallystretched (or
shortened), (2) undesirableweigh correctionfluctuations that occur when either biasing is
used separately are reduced, (3) the method is problem independent, (4) the general
method is a direct consequence of manipulations with the Boltzmann transport equation,
(5) the importance region geometry of a complicated calculational system can be simpli-
fied from that with other forms of biasing, although the user-written DIREC routine
defining the preferential direction for each importance region is still required, (6) only one
empirical parameter is required for both biasings, and (7) for a code with discrete
scattering angles such as MORSE, the biasing application is analytic in contrast to a
numerical integration at each collision required for general application.



In MORSE the biased collision kernel is

c O)C -
Nl-p_,)

where
C = the unbiased kernel

p = the empirical biasingparameter, 0 <p < I

/_ = the cosine of the angle between the preferential direction Oo and the out-

going direction fl to be selected (see Fig. 13; _t is the incident direction)

N = normalization constant

The biased transport kernel for the selection of the mean free path _ is

= (1 -ptOe -0-p.)_ , (4)

and the combined weight correction is (applied separately in different parts of the code)

(s3
WT = (ClC)(TIT)- Ne-v.,.

The biased distributionfor the discrete scattering angle selection is

lt fnd¢

/. _ ]. , (
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where f_ is the unbiased probability for scattering angle cosine #i and L is the expansion
order. From Fig. 13



# = #i_ + ¢os_ ,

the distributionfor the azimuthal angle is,

1

p_ = l-p_. , (s)
dp

-f

and

tan = 1-p#_

where #,_ and ttm arethe values of #n for _=0 and a-, respectively in Eq. (7), and RAY
is a uniform randomnumberon the unit interval.The _ from Eq. (9) must be given a

final adjustment,_ = _ +_/, whereusing the cosine componentsof _1 and _o

cos_l /Low_-Wo- , (10)

I_-#__ I - W/2

and

U/yo-Yov/
sin_! = • (11)
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The normalizationconstantin Eq. (5) is

L f,
N- _ . (sz)

In order to capitalize on the combined biasing scheme, two other changes should be
made in MORSE:(1) the transportprocess should be interruptedat importance region
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boundaries so that changes in 0o and p can be made [even without collision and path
length biasing this should be done in order to permit boundary splitting and Russian
roulette; i.e., call "FESTWfrom BANKR(7)I2], and (2) apply collision splitting and
Russian roulette after both the collision and transport processes are completed, not
between them. The programming changes necessary to implement the combined biasing
into MORSE are given in Appendix F of Ref. 13 with corrections for P_t, N> 3, in
Ref. 14 (page 11).

The original analysis using the combined biasing in MORSE consisted of an experi-
mental system simulating a concrete building shown in Fig. 14. The entire system is
shown sd matically in Fig. 15. Neutrons and photons from the Oak Ridge Tower
Shielding Reactor and spectrum modifier impinge on the front face of the structure. The
source for the MORSE calculation at the exit of the spectrum modifier was adjusted to
agree in magnitude with experimental values. TLD energy deposition is computed at the
indicated detector locations and compared with experimental results, as C/E ratios, in
Table. I.

In the combined biasing study, proposals are given for the possible code generation of
m

the flo andp as adjoint flux-weighted values for an importance volume Vi of the form, for
a general parameter _0t_

I_)$" (p)ap

v, (13)(.01 =

I q,"(p)ap
VI

where the value of _ for each history created in or passing through Vt is carried with it
until a contribution to the desired result by that history is made at the detector. The
adjoint flux is accumulated in the forward calculation in the same general manner as for
the forward flux in the adjoint application for Eq. (2). This parameter generation method
has not been completely successful in reduced variance and increased efficiency in general
applications and is still under development. However, it is recommended that the com-
bined biasing scheme, with empirical parameters p, be included in any MORSE code
system, as well as boundary splitting and Russian roulette and the analytic hydrogen
scattering model. Several features of the next-event estimation routines should also be
considered: (1) for photon calculations use of the Klein-Nashina equation for Compton
scatteringIs significantly reduces ,.hestatistical uncertainty from the standard routine (this
routine also accounts for pair production and the photoelectric effect), (2) estimation to ali
energy groups,2 (3) ring detectors for azimuthally symmetric detectors, 1_fand (4) estima-
tion to finite detectors.2'6'ts._7,IB



Table I. Detector response comparisons inside the concrete building.

,, _ _- -- -. =' i _T _ , " J ,,,, : , ,, ,,

Fractional response and uncertaintyfrom source

Detector Experimental C/E uncertaintybCalculated , , segmentation
in Fig. 15 Responsea (%) UncoUided U ....Front Other ,o,

.... .... I, ,l
1 1.33 0.96 2.7 0.128 0.4 0.702 2.6 0.170 11.7
2 6.73 0.99 0.4 0.802 0.3 0.122 2.3 0.076 2.0
3 1.36 1.00 3.6 0.129 0.4 0.732 2.9 0.139 20.9
4 5.41 0.99 0.4 9..816 0.3 0.128 1.4 0.056 4.7
5 1.11 0.92 4.4 0.136 0.4 0.629 1.9 0.235 18.0
6 3.84 1.01 0.4 0.837 0.3 0.120 1.6 0.043 5.7
7 0.24 0.98 9.1 0.001 0.8 0.756 6.0 0.243 32.5
8 1.23 1.12 1.6 0.578 0.6 0.354 4.0 0.068 9.7
9 2.80 1.07 0.7 0.762 0.3 0.206 3.1 0.032 5.4

10 0.28 1.14 6.0 0.001 0.8 0.722 3.6 0.267 20.3
, , 0, ,..

"TLD energy depositionin MeV • g-I. rain-!, kW-I × 10-4from Nucl. Sci. Eng., 98, 279-98 (1988), with
experimental _ty -..5_.
bone standarddeviationas a percentof the calculated response.
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Figure 1 Two-dimensional calculational model of the experimentalgeometry. Ali
dimensions are in meters.
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F'hgure 12 Computer mockup of a reinforced concrete building in Nagasaki.
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Figure 14 Experimentalconfiguration
showing the spectrummodifier on the left and
the concrete block house on the right.
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