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ABSTRACT 

Applications of the Monte Carlo method have been summarized 

relevant to neutron streaming problems of interest in the shield design 

for the FMIT Faci 1 i ty. An improved angular biasing method has been 

implemented to further optimize the calculation of streaming and 

t~is method has been applied to calculate streaming within a double 

bend pipe. 



I. INTRODUCTION 

The Fusion Materials· Irradiation Test (FMIT) Facility1 will provide 

a fusion-like radiation environment for the testing of materials. While 

streaming problems encountered in the design of this accelerator-based 

facility are not identical to those anticipated for a fusion reactor, 

the experience gained and computational tools utilized should be directly 

applicable for a fusion reactor because of the similar neutron energy regime. 

Streaming problems addressed here are placed in two catagories for 

discussion purposes. Problems of the first type involve streaming within 

a large pipe or chaseway which is empty, partially filled, or contains 

material with smaller attenuating characteristics than the main bulk· 

shields. A distinguishing feature of the problems in this first category 

is that they can be solved satisfactorily using state-of-the-art Monte 

Carlo codes. Typically, this implies that by biasing the source and using 

appropriate splitting surfaces to bias the random walk,2•3•4 parameter 

studies are possible with modest expenditure of computer time. 

The second class of problems includes neutron streaming within 

geometrically "thin" regions--- within voids such as narrow gaps or small 

diameter pipes and within thin regions of material penetrati_ng through the 

bulk shield. Typically, these problems are much more difficult to solve 

with Monte Carlo codes since the random walks must be appropriately biased 

into extremely small portiqns of phase space. However, the utilization 

of discrete ordinates is not straight forward either due to the multi

dimensionality of the problems and large angular quadratures. Albedos 
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may be utilized effectively in some problems, but their scope is clearly 

limited. Hence, the shield designer may need to resort to experimental 

mock-ups and/or a very conservative design. 

In Chapters II and III, we show examples of some streaming problems 

that were addressed in the design of the FMIT facility. The problems of 

Chapter II are of the first category and were adequately treated with 

Monte Carlo studies. The problems of Chapter III are in the second 

category. While they were also treated with Monte Carlo calculations, 

statistical errors were large and parameter studies were economically 

limited in scope. 

Typically, the neutrons that stream through a narrow gap ·suffer one 

or more collisions near the gap and scatter into the appropriate small 

angle so that a long portion of the subsequent flight is within the gap. 

Hence, the random walks should be biased so that this portion of phase 

space is sampled frequently. In Chapter IV, such a biasing method is 

discussed and is shown to improve the efficiency for a streaming problem 

involving a pipe with two ninety-degree bends. 
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II. NEUTRON STREAMING WITHIN LARGE PIPES AND CHASEWAYS OF FMIT FACILITY 

A. Overview: 

The streaming calculations summarized in this chapter were 

made with the MCNP computer code 2 using cell importances to 

partially optimize the calculation ~ith splitting and Russi~n 

roulette 2' 3. The only modification to the code was the incorpo-

ration of source routines to both specify and bias the sources, 

and cross sections above 20 MeV were appended5 to the poinbJise 

cross section library. 

The calculations summarized in this chapter include three examples 

of Category I problems which are defined as neutron streaming with.in 

rather large pipes or chaseways. These problems were adequately 

treated using a state-of-the-art Monte Carlo computer code. 

B. Streaming Within Chaseway Between LINAC and RF Equipment Area: 

Deuteron losses within the drift tubes of the LINAC accelera-

tor result in neutron source terms along the length of accelerator. 

While these neutrons activate materiais 5 and must be considered 

for maintenance of the accelerator, they _also must be considered 

in the treatment of the streaming paths offered by pipes and 

chasev;~ays within the bulk shields forming the LINAC tunnel. 

Of particular concern is streaming through chaseways between 

the LINAC accelerator and an adjacent RF equipment room. Shown in 

Figure 1 is the calculational model of the geometry for the Monte 

Carlo calculation of neutron streaming within a chase1-Jay containing 
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one RF line (the RF line is not included in the geometry model, but the. 

38.1 em (1.-25 ft.) diameter shield penetrations within the chaseway are 

for the RF line). The tissue dose within the RF equipment area was 

determined for various shield collar configurations within the 

chaseway. As the design evolved, it was found that the borated 

concrete wall between the chaseway and the RF equipment area could 

be removed by utilizing an additional shield collar at the floor 

level of the RF equipment area and another collar within the hori-

zontal portion of the chaseway. 

The actual geometry model for the Monte Carlo calculation 

utilized many more cells than shown in Figure 1 in order· to obtajn 

• b• • • h 11 • A 
2•3 appropr1ate 1as1ng wrt ce 1mportances The cell importances 

were increased along the chaseway from unity at the LINAC vault to 

approximately 107 at the RF equipment area, and the cell importances 

were decreased with increasing distance into the concrete walls of 

the chaseway. Of course, thick bulk shielding encloses the ·LINAC, 

but for the purposes here it was only necessary to include the first 

30.48 CHI (1 rt.) of conc1·ete u.round the ·chaseway; i.P. .• random \'Jalks 

penetrating: through- this concrete v1ere terminated for the s treami nq 

assessment. 

The source along the LINAC was biased in both energy and angle. 

The average energy of the source neutrons was 5.4 ~·1eV with approxi

mately 6% of the source neutrons abov.e 15 MeV. 

The utilization of source biasing and cell importances for 

Russian roulette and splitting2•3 improved the efficiency sufficiently 
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so that a calculation could be made in a few minutes of CDC-7600 

time. This enabled parametric studies to be made to optimize the 

placement and thicknesses of the shield collars around the RF 

1 i nes. 

C. Streaming Through a Large Zone of Material With Smaller Attenuating 

Characteristics Than the Bulk Shield:. 

The 0.1 Amp current of 35 MeV deuterons from the linear 

accelerator impinge upon a flowing lithium target to produce an 

intense source of neutrons. The lithium empties into a quench 

tank which sets within the thermal shield of the test cell floor 

(see Figure 2 for a pictorial view of the test cell, Figure 3 

for the energy-angle distribution of the d, Li neutron source,6 

and Figure 4 for the computational model of the test cell floor). 

Even though the quench tank is nearly full of lithium during 

operation of the facility, the tank provides a streaming path for 

the neutrons since the attenuating characteristics of the lithium 

for high energy neutrons are smaller than those for the adjacent 

thermal shield. Specific concerns. include nuclear heat deposition 

within the surrounding concrete and air activation in the air 

cooling channels below the quench tank. 

A Monte Carlo calculation was made using the geometry model 

shown in Figure 4. The geometry was overspecified in order to 

provide cells for importances that were utilized for splitting 

and Russian roulette. Importances were increased with increasing 
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distances through the tank and decreased in radially uninteresting 

portions of the geometry. 

By utilizing near- optimal cell importances and biasing 

the source in both energy and angle, statistically adequate heat 

deposition numbers within the concrete and neutron fluxes for 

subsequent activation calculations were obtained in approximately 

30 minutes of CDC-7600 time. This was a coupled neutron-gamma 

calculation. 

D. Streaming Through 0° Collimator and Instrumentation Pit: 

During the design of the facility, a collimator within the back 

wall of the test cell was proposed to obtain a spatial image of the 

source using a track length recorder located within a· small experi

mental pit beyond the collimator. Other measurements, such as 

proton recoil, could also be positioned within the experimental pit 

to characterize the source prior to the material damage measurements. 

This collimator problem is categorized here as a 11 large 11 streaming 

calculation since the source is easily biased toward the small solid 

angle through the collimator and the subsequent neutron scattering 

and attentuation does not emphasize the small solid angles at colli

sion events typified by the second category of streaming problems. 

The calculational model of the back wall of the test cell, 

including the collimator, is shown in Figure 5 with an expanded 

view of the collimator shown in Figure 6. 
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Specific items of concern include: 

• Verification that the dose rate in the passageway is less 

than the maximum permissible. 

• Verification that the dose rate beyond the shield plug that is 

above the experimental pit is less than the maximum permissible. 

• Image plane profiles for various dimensions of the collimator 

throat. 

The Monte Carlo calculations verified that the overall shield 

design was adequate and the design of the shield plug beyond the 

collimator was somewhat over-conservative. Furthermore, ·the 

majority of the neutrons reaching the experimental pit stream 

through the small throat of the collimator and not through the 

bulk shield. 

A spatial image profile of the source is shown in Table I for 

a time-averaged distribution of deuterons perpendicular to the 

center of the beam that is bivariate normal with full-width-half

maxima of 3 em and l em along the horizontal (y) and vertical (z) 

directions, respectively. The profile of Table I was calculated for a 

collimator throat diameter of 0.10 em and a throat length of 6.10 em. 

The statistical error for an entry of magnitude e in Table I may 

be estimated as: 

Relative error for one 
standard deviation 
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III.· NEUTRON STREAMING WITHIN GEOMETRICALLY THIN REGIONS 

A. Overview: 

For the problems described in the previous chapter, satis

factory results were obtained from the Monte Carlo calculation by 

appropriate biasing of the source and the utilization of cell 

importances to improve.the efficiency of the calculation via Russian 

roulette and splitting. While the specification of an adequate 

importance profile required more detailed geometries than would 

otherwise be necessary, such problems are straightforward to address 

using state-of-the-art Monte Carlo codes. The Monte Carlo code·, 

MCNP2, utilized for these calculation~ automatically provides the. 

user with the number of random walks entering each cell. Hence, 

it is possible to reviS:e the cell :importances to near-optimu·m with 

mb f h b . th . t . 2 ' 3 th t th d a nu er o s ort runs y us1ng e cr1 er1on a e ran om 

walk population should be approximately constant for the major source

to-detector paths ·(when the contributon ·current 7 is large), but'. 

subject to the constraint that importances of adjacent cells should 

not change rapidly (rarely by more than a factor of four). 

In this chapter, we address problems with the common feature 

that the neutron streaming is within very small solid angles. 

Attempts were also made to solve these problems using the same 

general biasing methods as were applied on the problems of Chapter II. 

While the calculations provided useful input to the design, a more 

efficient calculational method would enable parametric studies for 

further optimization. A promising angular biasing ~ethod to improve 

capabilities for such calculations will be described in the next chanter. 
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B. Neutron Streaming Around Test Assembly Ports: 

Access to the test cell is provided by test assembly ports. 

The plugs within these ports are removable and allow insertion and 

positioning of the test modules as well as access for cables and 

instrumentation. At the time the calculations were made, access to 

the test cell was both vertical and horizontal (see Figure 2 for 

a plan view showing the horizontal access). Since that time, the 

horizontal access has been deleted. However, the streaming calcula

tions ·are applicable for the vertical access as well. 

Two types of streaming paths are introduced by the plugs: 

(1) Small gaps due to mechanical tolerances and access require

ments; .~hd, '2) regions of material with smaller attenuating 

characteristics than the adjacent bulk shield -- in this case, iron, 

which provides poor attenuation for neutrons with energies in the·keV 

regime. 8' 9 

The calculational model of a plug is shown in Figure 7 \'Jilere. 

the composition of the inside of the plug was taken as identical to 

the bulk wall for the initial study. Two radial qaps are shown in 

this calculational model of a double-stepped plug. The 3.18 em 

(1 .25 inch) radial thickness of iron for the sleeve and collar 

also introduces a rather thick iron zone where moderate energy 

neutrons (< 1 MeV) can rattle down and increase neutron activation 

problems beyond the 152 em (5 ft) long plug. 

Although the sleeve-gap-collar-gap configuration increases the 

total flux penetrating the five foot shield by about a factor of two 
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over the corresponding bulk shield for the source configuration 

utilized, even this rather large perturbation presents a very 

challenging analysis problem. It was found that neutrons 

rattling down the iron·.sleeve and collar accentuate the neutron 

current penetrating the shield more than streaming within the 

gaps. Even though the calculational effort required made a de

tailed parametric study impractical, the Monte Carlo calculations of 

this baseline configuration provided some very useful information. 

C. Neutron Streaming Through Thermal Shield: 

Gas cooling channels within the thermal shield of· the test 

cell may enhance nuclear heating of the adjacent bulk concrete sh.ield 

because of neutron streaming within the channels. The calculati6nal 

model* shown in Figure 8 was used to determine an upper limit on 

the increase in the heating due to this streaming. Design changes 

were l~ter made in the thermal shield, but this provides a pertinent 

example of a computationally difficult streaminq omblem. 

The calculations of the maximum nuclear heat deposition within 

the concrete bounding the main cooling channel were made using the 

unperturbed geometry of 1-i gure B and a perturbed geometry \tli th the 

* This calculational model of the thermal shield for a corner of the test 
cell does not include many of the neutronically unimportant features such 
as a cooling channel normal to the main channel of interest and clos!e to 
the.concrete. Hence, the main channel actually does not extend quite to 
the concrete. 
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cooling channels and steel liners replaced by bulk wall. The heat 

deposition increase, due to the coo 1 i ng channels, was ca 1 cul a ted 

to be less tha·n a factor of two. Statistical errors were approxi

mately 12% for· a ·total.running time of four hourrrs for the perturbed 

and unperturbed problem on the CDC-7600. This calculation established 

the streaming contribution for one configuration of interest. 

However, the computational effort required precluded a·general 

parametric study. 
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IV. BIASING OF RANDOM WALKS TO OPTIMIZE MONTE CARLO CALCULATIONS OF 

STREMUNG 

A. Discussion: 

Inrorder to bias randbm walks efficiently, it is important to 

have some:·underst~nding of the tontributon7 current map; i.e., to know 

what portion of phase space is principally involved for the random 

walks that eventually contribute to that tally. Consider the 

streaming problem shown in Figure 9 with a uniform, high-intensity, 

isotropic flux along a sma11 1en.gth I of the hollow pipe and a 

negligible flux along the rest of the pipe. The tally of interest 

is the next-flight neutron flux at the point shown in th.e center 

of the pipe due to collisions within the high flux region. It is 

further specified that i>>R, i»r, i E e>l, the scattering is 

isotropic, and absorption and resonance effects are negligible. 

Under the above assumptions, the flux at the point is expressed 

in cylindrical coordinates as 

(1) 
z2 co -E B 

If 0 Et e t 
0 = 2irrdrdz, 

zl rl 41T(Z2 + r2) 

where z1 and z2 are the axial bounds of the high flux region 

and z = 0 is the axial coordinate at the tally point. The .identity 

(2) r 
= 

B V z2 + r2 

follows from equality of the angles denoted by a for the typical 
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collision point shown in the figure. Since z is assumed to be 

much greater than r, we replace z2 + r 2 by z2 in equations (1} 

and (2}. Then ·solving equation (2} for 8 gives 

(3} a = ( r - r 1 ) _ ( r - r 1) ( r - r 1) '"' ...jz 2 + r 2 = z ~ z 
. r r r 1 

where the last relation was obtained from the observation that 

most of the contribution to the integral of equation (3} is for 

r- r1 <<r1. This will be true if zrt is much greater than unity. 

The substitution:of 8 from equation (3} into equation (1} and 

replacing z in the integrand by_an average z results in the flux' 

( 4} 
~ ----

2(Z} 
3 

2(Z} 
3 

For our consideration here, we are more interested in where the 

collisions occur radially that contribute to the flux at the tally 

point than in the solution for the flux. The probability that a 

·contributing collision occurs with a radius less than r may be 

obtained from equation (l) as 

r 

Lr 
-E 8 

( 5) P(r 1 <r) == r 1 e-Et8dr 1 - 1 e t 
r1 

00 

·f r 1e-Et8dr 1 

r1 
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Most of the collisions will occur inside a radius such that 

tt8 = 2, which corresponds to an inner pipe thickness of 

( 6) 
b. r 

~ince Z>>r,, the majority of the contributing collisions occur 

within a radial thickness much less than a mean free path -- typically 

within a few millimeters depending upon the dimensions of the 

streaming problem. 

Although the streaming problem of Figure 9 is an idealistic 

example, two features are expected to be important for biasing a 

broad class of streaming problems: 

1. If streaming .within a pipe or gap is important, most of the 

collisions prior to a long streaming path occur very near the 

surface. 

2. For long streaming paths, the neutron mu5t scatter within an 

extremely small solid angle. The relevant cone angle in 

radians is rv rifz for the prob 1 em of Figure 9 and typically 

ranges from a fraction of a degree to a few degrees. 

These two features have been considered of primary importance in 

the development of an improved biasing method and in the utiliza

tion of biasing features available in the Monte Carlo code. 
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B. An Angle Biasing Scheme: 

Monte Carlo codes generally provide the user with the tools 

to force many collisions near the surfaces of a .. potential streaming 

path. Possibilities with the MCNP code include the use of large 

cell importances within thin cells near the surface for Russian 

roulette and splitting or forced collision sampling within thin 

cells. 2 The biasing of the angular scattering to optimally sample 

small solid angles at the collision point is much more difficult. 

Angle biasing schemes must be developed with care to both avoid 

unnecessary weight fluxuations, which adversely impact variances, 

and an over-proliferation of random walks which occur in· some 

biasing schemes at the collision sites. 

The logistics of incorporating an efficient angle biasing 

scheme into a Monte Carlo code includes three considerations: 

1. The density function for sampling the new direction of flight 

at each collision point must be specified and the logic to 

allow only one or more than one particle to emerge from a 

colli~ion must be incorporated into the code. To only illlow 

one particle-to emerge may lead to an unacceptable fluxuation 

of weights while allowing more than one to emerge may lead to 

an unacceptable proliferation of particles. A practical com

plication is that the density function for selecting the angle 

may be difficult to specify digitally since solid angles change 

with positions and angle dependent importance functions are 

generally unkonwn. 
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2. A weight correction factor must usually be computed to obtain 

unbiased results from the angle biasing of the random walk. 

This weight correction factor involves both the angular density, 

function of the scattering kernel, and the biased density 

function. Hence, the calculation of the weight correction . 

factor may be computationally time consuming, and will probably 

interfere with other available options in a large Monte Carlo code. 

3. The sampling scheme may require termination of "ordinary" 

random walks whenever the emerging direction of flight from a 

collision is within the solid angle used to bias histories. 

Exotic weight cutoff schemes using Russian roulette may also be. 

needed to exclude random walks that make small contributions 

to the tally, but require a significant computational effort. 

A choice of the density function for biasing the selection of 

the scattering angle is influenced by the logic in the computer code. 

A pertinent user option available in the MCNP Monte Carlo code is 

the DXTRAN 2 option. While this option was developed to increase 

the number of random walks within a sphere by advancing particles 

to the surface. of the sphere with a next event type of treatment, 

it has some useful logic for angle biasing. 

Consider the straight pipe problem shown in Figure 10 where 

two concentric sphereical surfaces are shown about a point located 

along the center of the pipe. At a collision, the DXTRAN option 

selects the cosine of the angle uniformly within the cone defined 
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by the inner sphere (casar~ case~ 1) with a probability p or 

between the two spheres (cose0 ~ case~ casar) with the compli

mentary probability 1-p. The probability p is computed for a step 

function density function g(cose) that, for the inner sphere, is 

five times its value outside the inner sphere. The particle is 

then advanced to the outer sphere along the direction of fli:ght 

selected, where the azimuthal angle is sampled uniformly between 

0 ~nd 2n, and the weight of this pseudo-particle is the 

collision weight multipl ierl hy 

v f( p) 

g (case). a 

The user can set the value of the biasing sampling frequency a for 

each cell within the problem, o<a<l, and hence control the frequency 

of the generation of pseudo-particle~ on the surface of the sphere. 

The quantity f(p) is the density function for the scattering event. 

A "normal" random walk particle is also followed from the collision 

point after sampling another ll from f(p). All 11 normal 11 random 

walk particles:that reach the outer sphere are terminated and the 

pseudo-particles generated on the surface of the outer sphere are 

followed within the spheres. 

This DXTRAN scheme has been utilized to optimize streaming 

problems. By setting the inner sphere diameter to approximately 

the gap dimension and the outer sphere diameter somewhat larger 

to accentuate the collision rate along the gap, improvements in 
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statistical errors have been obtained. However, the present 

DXTRAN method .appears to suffer severe deficiencies. It is 

possible to obtain a pseudo-particle on the outer sphere with a 

much larger than average weight. This can occur, for example, 

if a 11 normal 11 random walk particle migrates toward the outer 

sphere and suffers a collision near the sphere. A related de

ficiency is that the pseudo-particles are advanced to the sphere 

with the weight reduced by attenuation. In many cases, it would 

be more desirable to bias the scattering angle, but allow the 

random walk itself to advance the particle. Then, by excluding 

the regular random walk particles from scattering into the biased 

solid angle at each collision, the higher weight particles could~ 

be better controlled. 

An angle biasing scheme has been implemented in MCNP using 

some of the DXTRAN logic. The scheme has the following features: 

1. Two spheres are used to sample a direction-of-flight for a 

pseudo-particle. The angular density function is specified 

to be constant across the inner ~phere, as in the DXTRAN 

option, but is decreased by a factor of two at the inner 

sphere boundary and then decreases exponentially to the value 

of 1.5/a at the boundary of the outer sphere. The radius of 

the outer sphere is determined at each collision site from 

the condition that the direction-of-flight be selected within 

the solid angle subtended by the inner sphere one-quarter 

of the time. Mathematically, the density function is 

(7) g(cose) = 0.25/(1-cose
1

) , cose 1 < case < 1 , 
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(8) g(cose) 
-p( J.lCJ.l) 

= ..;-0,;--. 1:....::2:..::.5_e:::---.---
(1-cose1) , cose

0 
~ case < cose 1 

where e1 is determined at the collision site using the inner 

sphere radius as input by the user and p· and case 
0 

are 

evafuated from the relations 

(9) = 2 2 
P 3(1-cose1) - a 

( 10) 
1 (12(1-cose )) 

cose
0 

= cose1 + P ~n a .. · 1 

The user can input the cell dependent probability, a, for 

the biased sampling of collisions within each celJ. The 

pseudo-particle weight is defined as the particle weight 

at the collision multiplied by v f(}) and this g(cose a 
pseudo-particle is then treated as a normal random walk 

particle. The density function given by Eqs. (7) and (8) 

is defined so that a high frequency of pseudo-particles 

will emerge from the collision t~rgeted in the general 

direction of the inner sphere. The exponentially decreasing 

portion of Eq. (8) provides a transition between the 

high frequency rate for the inner sphere and the analog 

density function, t(J.l), at wider angles tor the analog 

random walk. 

2. A "normal" scattering is also sampled at each collision using 

the density function f(J.l). After selecting the new direction 
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of flight, a check is made to determine whether this direc

tion of flight lies within the solid angle subtended by the 

outer· sphere. If so, the particle is terminated. Otherwise, 

the random walk continues. 

3. For collision points occurring near the outer sphere, a 

large solid angle is subtended by the sphere so that the 

biased density function may actually become less than the 

analog -- an undesirable occurance since the possibility of 

large weights is introduced. To circumvent this possibility, 

the sign of p is checked at each collision. If p is negative 

or if the collision occurs within the inner sphere, angle 

biasing is not used at all for the collision and th~ soljd 

angle test is not made for the 11 normal 11 particle .emerging 

from the collision. 

4. The angle biasing scheme has been implemented in the code for 

the special case of a two bend pipe using three pairs of 

DXTRAN spheres. For any given collision, the scattering 

angle is only biased toward one pair of spheres which 

requires the specification of angle biasing domains for each 

pair of spheres. Domains will be shown for an example 

problem. 

5. One random walk may experience multi-collisions where the 

scatte1·ing angle is biased toward a puir of spheres. This 

lends to very small weight particles since the weight tends 

to decrease at each biased collision. A cell dependent 

lower weight cutoff is used to play Russian roulette with 

these particles. 
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C. Two Bend Pipe Problem: 

The angle biasing method described above was utilized to 

calculate streaming within a two bend pipe. Three sections of a 

10.2 em (4 inch) inside diameter pipe are joined at two 90° 

bends and embedded within a .concrete bulk shield as shown in 

Figure 11. For a 14 MeV cosine distributed unit point source 

entering the first pipe section, we desire to compute the campo-

nent of the current leaving the third section that is 

above 0. 1 r4eV. 

The geometry model shown in Figure 11 only includes a radial 

distance out to 30.48 em (1 foot). Neutrons reaching this radial 

boundary were terminated. The additional radial and axial zones 

shown in Figure 11 were included to provide cells for·importances 

and a specification of the cell dependent angle biasing proba-

bility a. The cell importances and a values are given in 

Table II for the cell numbers shown in Figure 11. 

A one standard deviation statistical error of 14% was bbtained 

for the current with a ten minute run on the CDC-7600. 

The computed mean value of.the current \<Ja·s 1 . 36 x 10- 11 

neutrons per source neutron. Additional fine tuning of 

the biasing scheme should result in further improvements in 

running time. 
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V. SUMMARY 

Applications of the Monte Carlo method have been summarized 

relevant to neutron streaming problems for shield design ofi the 

FMIT Facility. While computer capabilities and state-of-the-art 

Monte Carlo codes enable satisfactory solutions (including parametric 

studies) for many design problems, a large class of problems either 

is not practical to solve or may be treated only marginally 

satisfactorily with the current computational tools. An improved 

angular biasing method has been impleme.nted for the MCNP Monte Carlo 

computer code to expand the scope of streaming problems that may be 

addressed. This angular biasing method· was applied to solve streaming 

down a pipe with two bends. The results were encouraging although it. 

is clear that extensions to address more complex streaming paths will 

be difficult. 
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FIGURES 

1. Elevation view of RF chaseway along Linac (38.1 em diameter cylindrical 

penetrations; mirror boundary conditions in the third dimension). 

2. Plan view of empty test cell. 

3. Neutron spectra for 35 MeV deuterons on lithium. 

4. Elevation view of cylindrical quench tank and lithium outlet pipe. 

(all dimensions in em) 

5. Elevation view of back wall. (all dimensions in em) 

6. Expanded view of collimator. (all dimensions in em) 

7. Calculational model of plug and bulk.wall. (all dimensions in em) 

8. Plan view of calculational model for ga~ cooling channels. 

(all dimensions in em) 

9. Streaming problem of long pipe. 

10. DXTRAN spheres for biasing random walk. 

11. Calculational model for two-bend pipe. 
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Figure l. Elevation view of RF chaseway along Linac (38.1 em 
diameter cylindrical penetrations; mirror boundary· 
conditions in the third dimension). 

(author L. L. Carter) 
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Figure 2. Plan view of empty test cel l. 

(author L. L. Carter) 
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Table I 

SPATIAL II~AGE PROFILE FOR ONE QUADRANT OF THE SOURCE 
(RELATIVE NUMBER OF NEUTRONS PER UNIT'AREA) 

y(clli) 
0.0 0.5 l.O 1.5 2.0 2~5 3.0 

o' I I I I 
··-C• 861 833 914 857 016 738 782 697 649 622 554 sa8 455 424 325 388 3a3 269 227 2B8 2a1 163 111 86 92 65 35 45 36 27 

8~4 877 B39 792 792 758 723 695 602 599 sea saa 447 351 36a 293 249 259 21e 187 213 14B 124 1B9 86 71 46 46 35 27 

748 ?03 760 729 7a9 675 614 675 605 593 521 429 4B8 413 366 31B 258 235 156 166 129 125 125 95 75 7B sa . 29' 28 22 

638 661 603 617 609 538 529 567 443 450 419 359 339 304 251 232 218 192 172 123 1U2 119 87 68 52 62 36 34 23 11 

-E 
u 570 524 492 488 481 463 459 392 359 363 32B 311 24B 255 231 2E:I5 176 147 141:1 01 - tao 73 73. 58 44 41 4B 23 25 17 
N ../') . -

:::> 
372 382 368 3~3 350 379 335 304 273 294 228 224 16S 181 181 147 113 1B2 121 91 74 55 48 25 38 35 26 16 16 15 

290 301 345 277 258 253 225 194 194 190 181 159 146 139 133 lOB 189 99 75 . 58 49 49 48 4E:I 37 19 13 9 12 8 

175 181 195 200 191 158 169 144 135 12'1 132 106 97 95 1El2 75 57 37 40 27 29 28 25 24 15 lB 11 7 5 4 

90 122 113 129 122 113 106 112 109 73 88 40 45 62 56 67 42 28 31 28 24 14 24 13 lB 7 7 0 4 

0 77 86 72 70 75 56 78 60 45 63 37 42 42 43 27 25 29 22 13 35 21 12 4 8 6 4 3 a El 0 



TABLE II 

CELL IMPORTANCES AND a VALUES FOR TWO-BEND PIPE 

Cell Number Cell 
(See Figure 11) Importance a Value 

1 1.0000 1.0 
2 1.0000 1.0 
3 0.2500 0.125 
4 0.0625 0.015625 

5 2.000 1.0 
6 2.000 1.0 
7 0.500 0.125 
8 0.125 0.015625 

9 4.00 1.0 
10 4.00 1.0 
11 1.00 0.125 
12 0.25 0.015625 

13 8.00. 1.0 
14 8.00 1.0 
15 2.00 0.125 
16 0.50 0.015625 

17 16.00 1.0 
18 16.00 1.0 
19 4.00 0.·125 
20 1.00 0.015625 

21 32.00 0.0625 
22 32.00 0.0625 
23 8.00 0.015625 
24 2.00 0.015625 

25 2.00 1.0 
26 1.00 1.0 
27 0.50 0.5 
28 8.00 1.0 

29 4.00 1.0 
30 2.00 0.5 




