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ABSTRACT 

Conception of a reactor building requires large openings in the primary 
concrete shield for a postulated loss-of coolant accident. Through these openings 
neutrons escape and produce dose rates in several parts of the reactor building. 
Some calculations using ANISN, DOT and essentially TRIPOLI-2 codes allow to 
compute the neutron dose rates at several places such as reactor containment 
operating floor and containment annulus. Some complementary shields are provided 
and the instrumentations are placed in area where the dose rate is lower. 
Comparisons are presented between measurements and calculations. 

INTRODUCTION 

Considering personal neutron dosimetry does not exist actually, it is necessary 
to estimate induced dose rates and to predict shields required to reduce neutron 
irradiation before reactor starting. A set of calculations have been performed for 
1300 MWe configurations. They were design studies for defining radiation levels and 
for choosing the best places in the reactor building for components where interventions 
are required. The calculation scheme was tested by comparison between the results 
obtained for 900 MWe plants and measurements done in several reactors of this type. 

The shield calculation scheme used in France is shortly presented here for the 
plants built by EDF, the French utility. 



SHIELDING PROBLEMS IN PUR 

Reactor shielding has to answer to conflicting criteria : 

- safety requires a sufficient pressure release mechanism for a postulated loss-
of coolant accident, then large openings in the cavity shield wall. That provides an 
escaping path for radiations, then an increasing of biological dose 

- however the operating dose rate limit for short interventions is 2 m Sv/h and the 
additional shield provided for limiting the neutron dose rate during operation must 
not block access areas for maintenance operations when the reactor is shut down for 
refueling 

Neutrons leak essentially from the reactor cavity through four types of openings 
(see fig. 1) : 

-(A) the upper part of the reactor pit : the annular air gap between the vessel and the 
biological shield wall provides paths for neutron streaming into the refueling cavity 
and hence to the operating floor 

B) around coolant pipes : neutrons escape into primary coolant pump casemates, and 
then into the peripheral area (B.) and containment building above the operating floor 
(B2) 

-Q0 the lower part of the reactor pit into pit access cell 

~\Pj e*-6ht openings in the operating floor for the ionisation chamber. 

The shield calculations are more difficult in the upper part of the containment 
than in the lower part because : 

- a more complex geometry due to the presence of primary pipes and complicated form 
of the vit concrete wall 

- a large number of sources A,B2,B1,D (see fig. 1). 

It must be noted it is impossible to obture openings for safety 
reasons (missile formation for a postulated loss-of-coolant accident). 

The principal objectives of these studies are to limit the neutron dose rate by 
additional shields/ to choose the best place for the components which have to be 
accessible or to predefine the accessible places where the dose rate is less that 
2 m Sv/h (peripheral area). 
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CALCULATION SCHEME AND USED CODES 

-ANISN (!) code for one dimension calculation in the core midplane with 100 energy 
groups, 16 angular directions, cross-section Legendre expansions of order P3 ; 
cross sections are given by the ENDF/B library. Two types of results are calculated 
by this code : 

- 19 group colapsed cross sections for materials located in reactor vessel and 
for the reactor cavity concrete 

- 19 group angular fluxes exiting the pressure vessel near the core midplane. 



— DOT (2) code with 19 energy groups, 16 angular directions, P3-expanded cross-
sections and in a RxZ geometry which describes a part of the core, inner structures, 
the pressure vessel, the reactor cavity and concrete walls. This code uses the collap
sed cross sections obtained by ANISN and gives the angular and energy distribution of 
neutrons exiting the pressure vessel between the core midplane and the primary coolant 
pipe axis. 

— TRIPOLI-2 (3) is used to calculate neutron dose rate at places out of the vessel 
such as operating floor, primary coolant pump cavity and peripheral area in front of it. 
This three dimensional Monte Carlo code has been used because of the complexity of the 
geometry, its great heterogeneity and of the importance of multiple neutron diffusions. 

Monte Carlo calculations are done with as exact as possible geometries ; neutron 
paths in matter (concrete, steel, etc..) are studied without using an albedo. Sophis
ticated biasaing techniques are used to reduce computing-time of neutron diffusion 
in concrete (exponential transformation (3)) and special techniques allow to treat small 
angle streaming in voids (collision biasing (3)). 

TRIPOLI-2 uses ENDF/B4 or UKNDL cross sections with any number of groups. For 
benchmark or core calculations the cross sections may be punctual with linear-linear 
interpolation. They are generated through the THEMIS system based on NJOY from LASL. 

Sources for TRIPOLI calculations are given by angular fluxes exiting the reactor 
vessel calculated by DOT ; automatical connection between DOT and TRIPOLI is carried out 
by the DOTTRI-code (A). In a first step, the flux of the neutrons, escaping from the 
cavity at A and entering into the refueling pool, has been evaluated by the VIDDOT code 
which calculates the collimated flux from angular fluxes leaving the vessel. This step 
will be replaced by using DOTTRI and TRIPOLI in order to take into account real geometry 
with nozzles, pipes and their supporting blocks. 

MAIN RESOLVED PROBLEMS AND RESULTS IN THE UPPERPART OF THE REACTOR CONTAINMENT 

Primary coolant pump casemate 

Interest of this calculation is not to study accessibility which is not allowed 
during the reactor operation, but to define : 

- neutron streaming through the opening in the casemate roof emerging on the operating 
floor (B2) 
- neutron streaming through the casemate-access doors (B1) which lead to the peripheral 
area which has to be accessible by personnel. 

A TRIPOLI calculation ( Tl) with a realistic geometric model of the casemate 
(see fig. 2) defines the dose rate at any point due to the neutrons streaming through 
the annular gap (B) around primary pipes. Principal results are : 
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- streaming through B2-opening 
dose rate 20.87 mSv/h 

5 2 total flux 5.8 10 n/cm .s 

- dose rate on the back wall, specially at the place of doors (Bl) : 
from 50 m Sv/h to 220 m Sv/h (see fig. 3) 

Another TRIPOLI calculation (T2) with a geometric model of the peripheral area 
on both sides of a door allowed to define the area (-4m from the door) where the dose 
rate is greater than the admissible value of 2 m Sv/h and gave proof that a concrete 
wall in front of the door reduces the dose rate by a factor 2. 

Containment building above the operating floor 

A TRIPOLI calculation (T3) was run for a 900 MWe plant. The source is given by 
the neutrons streaming through the annular gap between the reactor vessel and the 
concrete into the refueling pool (see fig«4) : A). Angular and energy source distribu
tion was calculated by VIDOT and ajusted at measurements with activation detectors in 
the upper part of the reactor cavity, VIDOT cannot effectively take into account complex 
geometry details in this part of the cavity. 

TRIPOLI geometric model is very realistic : the containment building, steam 
generators, the pressurizer, the refueling pool, the seal ledge and the heat insulation 
are modelized (see fig.4,5,6). Fig.6 is a cross section above the operating floor and 
shows calculated and measured dose rate at any place in several units. Two spectra are 
presented in figures 7 and 8 : the current entering the refueling pool and the flux 
on the operating floor near refueling-pool edge. 

A similar TRIPOLI calculation (T4) (5) was run for a 1300 MWe unit which has four 
loops. Annular source (from the reactor cavity) was computed by VIDOT and the source 
of neutrons streaming from primary pump casemates was given by TRIPOLI (Tl calculation) 
The results of the TRIPOLI T4 calculations are shown on figure 9. The neutron dose 
rate is higher on 1300 MWe plant as on 900 MWe plant. For this reason we plane to put 
the following additional shields : 

- neutron absorber ring under the annular pit gap (A figure 1) 
- neutron absorber ring around the coolant pipe at its begining in the coolant pump 
bunker. 

If the openings of ionisation chamber are not plugged the dose rate will increase 
on 1300 MWe plant. Special shield will be provide in this case as shown on figure 10. 

The comparisons between calculations and measurements will be made as soon as 
possible, when the experimental neutron dose rates will be available at Paluel 
(the first 1300 MWe plant in France was built at Paluel and started in may 1984). 
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CONCLUSION 

We propose the following scheme for neutron shielding calculations in PWR : ANISN 

and DOT SN-codes for simple 1-D or 2-D configurations and the Monte Carlo TRIPOLI code 

which is a powerfull and not very expensive tool (about 30 mn of IBM 3033) for design 

problems in complex geometries. Connection between SN and Monte Carlo codes is done 

by DOTTRI. 
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