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ABSTRACT 

A description is presented of a cost effective analysis 
procedure for use in the prediction of radiation environments 
in the cavity and containment building of a nuclear power 
reactor. Comments are offered on potential problems in "cer-
tification" of analysis procedures and the availability of 
"benchmarkable" data sets, both measurements and calculations. 

INTRODUCTION 

The prediction of radiation levels in the cavity region of a nuclear 
power reactor and of the transport of this radiation to other regions of 
the reactor containment, particularly the operating floor, is conceptu-
ally an easy task for the radiation shield designer to perform. As a 
practical matter, the overwhelming indication is that this task is among 
the more difficult practical and recurring radiation transport problems 
to emerge in recent years. It should be pointed out that the design of 
an effective shield to reduce the radiation dose to sufficiently low 
levels on the operating floor of the power reactor is a relatively 
simple task, if the single constraint was that the dose should be reduced 
to acceptable levels. There are however many other factors, often 
outside the control of the shield analyst, which are in conflict with 
the wishes and instincts of the designer. For example, the requirement 
that there be a mechanism provided for pressure release during a postu-
lated loss-of-coolant accident (LOCA) may result in more and larger 
openings in the cavity shield and thus provide an escape path for radi-
ation. 

One must reflect on the fact that the radiation streaming pheno-
menon has been known since radiation shielding was in its infancy. 
Large numbers of power reactors have been operating in the United States 
without experiencing problems associated with radiation streaming, 
particularly fast neutrons, causing larger than anticipated doses on 
the operating floor. However, the requirements of the plant operators 
to have access to certain points of the operating floor during normal 
operations has resulted in the need for lower dose rates. It would 
appear that radiation streaming is the shielding problem of the 1970* s. 
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To attempt to put into perspective many of the reasons why radi-
ation streaming in nuclear power reactors has recently become an area of 
concern is In itself a difficult task and might well serve as the sub-
ject of another paper. The subject of this special session relates to 
techniques used in the analysis and measurement of radiation streaming. 
We will, therefore, concentrate our discussion on the development and 
verification of techniques which we, at Science Applications, Inc. 
(SAI), have used to predict radiation levels in the reactor cavity and 
on the operating floor of nuclear power reactors. 

TECHNIQUES 

Several techniques, and combinations of techniques, have been used 
to perform analysis of radiation streaming in reactor cavities. Briefly, 
these are the discrete ordinates transport methods (Sn procedures), 
multidimensional Monte Carlo techniques, combined albedo and Monte Carlo 
procedures, and simple "handbook" hand calculational methods. The 
latter is mentioned because many early shields were successfully designed 
with this procedure and it often serves as a "first cut" of the analysis 
of the streaming phenomena. The designer has the option to choose 
between several S codes: ANISN, DTF, TWOTRAN or DOT or select a parti-
cular Monte Carlonprocedure such as MORSE, COHORT or SAM to name a few. 
Each of these procedures have their own unique set of advantages and 
disadvantages. 

1 
We have applied the discretes ordinates code, DOT, to the problem 

of predicting the radiation distributions in the cavity region. Perhaps 
the single most important conclusion that results from such a calcula-
tion is that it is very expensive in terms of computer costs. This 
calculation required several bootstraps and the equivalent of several 
hours of CDC-7600 time which retails these2days for about $1.00/second. 
We have recently made several improvements to this code which will 
reduce the amount of time and effort required to complete such an analy-
sis. These improvements have focused on improved iteration techniques 
to enhance the convergence of the flux and extensive improvements in the 
data handling procedures in order to eliminate the requirements for a 
large number of bootstraps. Our primary use of DOT has been in the 
prediction of the angular flux leaking from the reactor pressure vessel 
(RPV) which is used as a source term for later analysis. 

The use of DOT to predict the leakage distribution is in itself 
somewhat expensive and therefore for many of our analyses we have used 
ANISN to predict the energy and angular distribution of the current 
leaving the vessel at core midplane. These data are combined with 
vendor and other data to synthesize the axial and azimuthal distribu-
tions of the exiting current. These data constitute the source for 
subsequent streaming analysis. 
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For the streaming analysis, one again has the choice of using dis-
crete ordinates or Monte Carlo. We have elected to use the Monte Carlo 
procedure as embodied In the MORSE code to carry out this portion of the 
analysis. Here again, the analyst has an option. He may elect to 
perform the streaming analysis using a complete transport calculation 
through all materials or he may elect to use a combination of transport 
and albedo approximations. The advantage of using the complete trans-
port analysis is that only the cross section data and the geometry data 
are required to perform an analysis and these data are generally avail-
able. The disadvantage is that unless an extraordinary degree of 
biasing is used the Monte Carlo procedure will spend an inordinate 
amount of time tracking particles in the walls and possibly undersam-
pling those regions which have the largest potential contribution to the 
dose. The disadvantage of the Monte Carlo procedure, coupled with an 
albedo scattering treatment of the concrete walls, is that an albedo 
data base is required. SAI has developed such a data base called SAIL 
(SAI/EPRI Albedo Information _Library) which is available at the Radi-
ation Shielding Information Center as DLC-57. The advantage of the 
albedo approach is that it treats the problem that is important, namely 
the multiple reflections off of the cavity walls and subsequent trans-
port of the radiation to the operating floor of the reactor. 

The SAIL data basegis in a format such that i.t is easily incor-
porated into the BREEZE scheme. SAIL contains data for two materials: 
Type 04 Concrete and Low Carbon Steel Type A533B. The multigroup 
albedoes In SAIL are for 23 neutron and 17 gamma-ray incident energies, 
5 incident angles and 30 exiting angles. Also contained in the SAIL 
package is a small code, designated CRUNCH, which collapses the data 
base into a smaller group structure. We have recently enhanced our 
version of MORSE (see the paper by T. E. Albert and G. L. Simmons in 
these proceedings) to treat the albedoes in a moments expansion of the 
angular dependence. The advantage of this procedure is the reduced 
computer storage requirements, increased flexibility in the choice of 
estimators used, and significant reduction in the amount of computer 
time required to complete an analysis. We have observed between a 
factor of 3 to 6 decrease in the running time using the moments treat-
ment of the albedo as compared to the treatment in BREEZE. A typical 
cavity analysis of approximately 20,000 histories will run in approxi-
mately 6 minutes of the DEC-10 at SAI's La Jolla Office (the CDC-7600 is 
approximately 15 times the speed of the DEC-10). We feel that this 
procedure offers an extremely cost effective technique for analyzing the 
streaming problem. 

One of the peripheral problems which we have encountered, relates to 
the complicated geometries which are typically found in reactor stream-
ing problems. Our experience Indicates that between 10 to 30 percent of 
our analysis time is spent setting up and debugging the geometry of the 
calculation. We have some special hardware on our DEC-10 computer which 
allows us to more easily visualize the geometry which we are using. The 
code which we use is quite similar to PICTURE, but will scan in both the 
horizontal and vertical planes of the region to be viewed in order to 
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form a line drawing of the geometry, see Figure 1. We also use a code 
called GIFT to aid in debugging of the geometry. This code is quite 
useful in identifying overlapping regions in the geometry. The user of 
the MORSE Combinatorial Geometry package should also be aware that even 
though a particular geometry may be quite simple that MORSE, because of 
the precision and tolerance used in tracking, may still not be able to 
completely follow the particle. In this case, the particle history is 
terminated and a warning message is given. In some cases, overspecify-
ing the geometry to remove possible ambiguities will sometimes remove 
these tracking errors. 

VERIFICATION OF METHODS 

The person who is using a computer code to perform nearly any type 
of analysis in the nuclear industry is certain to be asked at some time 
if he is using a "verified" code. Although the procedures for and the 
meaning of what constitutes a verified code are not universally accepted, 
the comparison of results obtained with a particular method with another 
method or "high quality" measured data is one procedure which may be 
useful in verifying a code. To this end, we have used the SAIL data 
base and MORSE to predict the radiation dose in the cavity and to 
compare this result with discrete ordinates data. In Figure 2, the 
results obtained from a few thousand Monte Carlo histories and a track 
length estimator are compared with two-dimensional discrete ordinates 
calculations. The Monte Carlo results are presented as the average 
over the volume detector and are in reasonable agreement with the S^ 
analysis. 

3 
In a companion paper, we presented the results of the comparisons 

of calculations with experimental data for duct type geometries. These 
measurements were made in the mid-1960's at ORNL and offer additional 
confidence in our analysis procedure. 

Perhaps the best test of the computational procedure which we have 
developed is yet to come. We are currently involved in the Electric 
Power Research Institute (EPRI) sponsored program in reactor pressure 
vessel dosimetry which will provide an excellent set of benchmark data 
to serve as a validation of computational methods. In this program, the 
measurement of the neutron spectra in the reactor cavity near the 
beltline of the pressure vessel, with high precision, will provide the 
necessary data to serve as the starting point in a verification process. 
Additional data will then be obtained at other locations in the cavity 
region. It is the accurate determination of the spectra near the core 
which has been lacking in nearly all measurements of cavity streaming 
and makes to some degree the use of these data as "benchmarks" somewhat 
questionable. We have high hopes however that the EPRI sponsored pro-
gram will provide the necessary data with which to validate our codes. 



Figure 1. Sample Out of SAI Version of Picture. 
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Figure 2. Comparison of Discrete Ordinates and 
Monte Carlo Albedo Calculations at the Dose 
Distribution up a Reactor Cavity. 
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CONCLUSIONS 

The use of the Monte Carlo procedure in the MORSE code coupled with 
the SAIL data base, which allows an albedo scattering treatment at 
shield walls, has proved to be a practical and extremely cost-effective 
method for predicting radiation environments in the cavities and on the 
operating floors of light water reactors. The improvements in the 
methodology, which have been discussed above, reduce the computer 
storage requirements, increase the speed of the computation, and contri-
bute to a more manageable analysis procedure. As these techniques and 
others are used by more people, we would hope that the shield designer 
would become more confident that he is analyzing the problem that he 
should be analyzing and therefore solving the problem he thinks he is 
solving. Having done thiB, the shielding problem of the 1970's, radi-
ation streamining in reactor cavities, would become the shielder's 
solution of the 1970's. 
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