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Abstract

Current experience with COSYMA code in design company ENERGOPROJEKT Praha is presented. PSA technique is not so far a standard tool for safety evaluation during design stage of NPP (Nuclear Power Plant) and deterministic approach is used based on verification of compliance with limits resulting from government regulatory authority guidelines. The limits have character either of partial restrictions related to various fields of penetration of radionuclides to environment or stand for overall deterministic analysis of postulated „design basis accident“. The verification procedures require as a rule analysis of certain partial problems represented by the „worst“ possible cases to ensure sufficient level of conservatism in NPP design. Briefly is described former own company software used for safety site survey and evaluation, its development and improvements. Purchase of COSYMA package in 1995 has meant the basic step towards to future application of PSA methodology. In the first stage of understanding and learning of the COSYMA code some comparative studies were realized where deterministic runs of COSYMA represent standard tool for tuning and verification of the proprietary codes. The benefit of such comparison is demonstrated on analysis of one partial case of irregular release of radionuclides caused by temporary malfunction of filtering system and subsequent releases to venting stack.   

1. Introduction

ENERGOPROJEKT Praha is involved in design of nuclear facilities in Czech Republic. The company is main general contractor for NPP design and participates in all phases of a NPP licensing procedures, mainly during:


--  sitting


--  design


--  construction


--  operation


--  decommissioning

So far the deterministic evaluation of NPP effects on human health and impact to living environment is used. It consists in verification of compliance with limits related to the respective licensing stages and is distinguished for both occupational and public domains. The 

limits are defined both for routine and accidental releases of radionuclides by governmental regulatory authorities and compliance with them is inevitable condition for successful licensing. From the point of overall safety assessment so far the deterministic approach based on declaration of „design basis accident“ is adopted. Compliance with all partial limits as well as with the limits declared for the design basis accident have to be described in detail in Preliminary Safety Report prepared and submitted for licensing by ENERGOPROJEKT. 

In the second stage of design all comments, recommendations and  conclusions from licensing procedure have to be taken into account and set of input data is further improved and clarified. This leads to more precise recalculations and verification of further cases being pointed out by opponents. The cases being analyzed in the process have character of some special „worst“ cases under cumulating of the worst input conditions with regard to final impact on population health. Or, sensitivity studies leading to repetitive calculations have to be done in order to find  and  check the worst effects. Nonconformity with regards to limit should lead to changes and modifications in NPP design. All results have to be summarized by SKODA and ENERGOPROJEKT in succeeding Pre-Operation Safety Report.  

Special attention is devoted to atmospheric releases of radionuclides. For purposes of evaluation of off-site consequences of such releases corresponding program products were developed at ENERGOPROJEKT Praha since 1982. Former versions was originally designed for batch processing in mainframe environment and they were recently substantially rebuilt, improved and moved to PC environment with broad friendly interactive support for input of data and immediate graphical presentations of results. Now the proprietary codes consist of two subsystems:

· HAVAR  -
Interactive system for assessment of effects of accidental releases of

                     
radionuclides from NPP to atmosphere

· NORMAL -  Interactive system for  assessment of effects of routine releases of 
radionuclides to atmosphere during normal operation of NPP

Simultaneously with development of this own codes ENERGOPROJEKT was looking for some proper and perspective code which would provide access to the latest know-how in the field and  moreover enabled:


--  verification of its existing codes (from short time horizon)


--  future benefits from the time-consuming process of learning and understanding


     of the new code with perspective to move towards to PSA methodology and its 


     application also in design stages (medium time horizon)

The PC-COSYMA code was selected as a candidate for these purposes due to its following outstanding features:


--  general acceptance of high level of the code


--  broad application in nuclear industry


--  profoundly tested by various intercomparison benchmark procedures


--  still „live“ product under development of skilled specialists from outstanding 


    international research centres

Before using of the COSYMA code such a standard tool for verification of other codes we must have on mind the purposes and endpoints for which the code was developed. It was not designed for real-time modelling in detail of one certain accident characterized by real changes of conditions. COSYMA was designed for probability safety assessment based on statistical processing of results of many times repeated single runs when conditions for a single run are generated according to some proper sampling scheme. The single run enables modelling of dispersion and deposition processes, calculation of doses from various pathways of radionuclide transport, various kinds of countermeasures could be taken into account etc. The particular models used in the single run should describe situation as much as precise. On the other hand in spite of many thousands of repetitive calculations it should be very fast. Then some compromise is introduced. Atmospheric dispersion is described using Gaussian models, which are sufficiently fast. It was revealed that with regard to „averaging“ procedures used during successive statistical processing of a great number of single runs the resulting statistics are not much sensitive to dispersion model selection. Then the Gaussian models are generally accepted.

2. 
Reasons for comparison calculations between PC-COSYMA and 
HAVAR 

The benefit from PC-COSYMA comparative calculations will be now demonstrated on analysis of one partial case of accidental release to atmosphere related to temporary malfunction of filtering system, when some activity was released to environment through the venting stack (source term of the accident - see APPENDIX I). The purpose of the analysis was to verify compliance with limit of committed equivalent dose to thyroid for children and adults. The calculations provided high conservative results for the doses from ingestion when applying code HAVAR. When input data were adopted as closely as possible to PC-COSYMA and deterministic calculations was performed, the COSYMA results were much less conservative. This means that complete audit of HAVAR code had to follow.

Because PC-COSYMA enables calculations only for one age group - adults - we shall further limit to this category. Individual dose in Sv for adults from ingestion of foodstuff f between time t1 and t2 can be expressed schematically (correct expression for COSYMA is in [2], similar for HAVAR in [7]):

                             ID(n,o,f,g)  (  AG(n,g)  . AF(n,f,t1,t2) . DCF(n,o)                                (1)

f; g  ......
foodstuff;  grid element

n; o .......
radionuclide considered for ingestion;  organ or tissue 

t1; t2  .....
time of ingestion start; time of end of activity intake

AG  .......
total activity initially deposited on ground  [Bq/m2]

AF  .......
time integral (from t1 to t2) of activity intake per unit initial deposition 

DCF .....
dose conversion factor (integrated 50 a after single intake)  [Sv/Bq]    

From this expression we can see that source of possible errors can be either in values of deposited activity on ground or in the second term representing time integral activity intake.

2.1  Audit of dispersion and deposition model of HAVAR system

Dispersion of radionuclides in atmosphere is in HAVAR described according to several modifications of segmented Gaussian plume model. Let us assume for simplicity only dry deposition of radionuclides on ground. Deposition of activity on the ground depends on air concentration  at ground level C(n,g,0) in Bq/m3 and dry deposition velocity vg :

                                        AG(n,g)  (C(n,g,0) . vg                                                           (2)

From this expression is evident that decisive role play correct values of concentration of activity in air.

2.1.1  Comparison of HAVAR dispersion model with comparative and validation studies

           according to Batch I Problem from ref. [4] 

In the following table are given normalized integral activities in air near ground calculated by program HAVAR according to the Gaussian plume model with y and z according to Karlsruhe/Jülich. The input data were adopted just to Batch I Problem from [4]. Simulation was done using normalized unit release of Xe133 = 1.0 Bq.  

Distance  from 
source
Normalized  ground  
level concentrations 

[m]

of Xe133  in air
[Bq/m3]



u10 = 1 m/sec
u10 = 2 m/sec

667

1,93E-12
9,65E-13

1667

1,42E-8
7,11E-9

2667

9,58E-8
4,80E-8

3667

1,97E-7
9,80E-8

4667

2,72E-7
1,36E-7

5333

3,17E-7
1,59E-7

6333

3,40E-7
1,70E-7

7333

3,47E-7
1,74E-7

8667

3,44E-7
1,73E-7

10667

3,25E-7
1,63E-7

12667

2,98E-7
1,50E-7

14667

2,71E-7
1,37E-7

17333

2,38E-7
1,20E-7

21667

1,94E-7
9,80E-8

26667

1,57E-7
7,92E-8

33333

1,21E-7
6,15E-8

43333

8,77E-8
4,46E-8

53333

6,67E-8
3,41E-8

66667

4,91E-8
2,52E-8

86667

3,61E-8
1,94E-8

Comparison of the results of atmospheric dispersion according to various models are taken from [4] and shown here in Appendix II. The results according to HAVAR from the previous table for v10= 2 m/s are added to figure in Appendix II and are marked using symbol ( . From there can be stated very good consent with „Gaussian region“. 

2.1.2 Using PC-COSYMA deterministic runs such a tool for validation of HAVAR 

         dispersion and deposition model

Let us assume the irregular release of  radionuclides for from stack according to description in Appendix I related to the temporary disfunction of air filtering system. The release height is 100 m, the plume is moving without changes in one direction 8 (337 deg ), stability category F is assumed. In this way is defined „worst case“ for analysis, because there is a big population site in direction 8 situated  22 km from source of the release. 

The situation described above is not in contradiction with design philosophy of COSYMA and then can be analyzed by COSYMA single deterministic run when following endpoints (see [1]) are taken into account:

· Air concentration of each nuclide at all grid points

· Deposition of each nuclide at all grid points

· Mean organ doses from each exposure pathway and each nuclide (short and long term


individual doses)

· Doses at each grid points (short and long term individual doses)

The problem was to adopt input data in both systems to be the same (or, at least as close as possible). It was nearly successfully done. The negligible differences remained, but those are not expected to cause remarkable errors. Before presenting results, comparison of basic features of both systems should be done:

PC-COSYMA
HAVAR

------------------------------------------------------------------------------------------------------------------


Gaussian volume source model
Segmented Gaussian plume model in (MUSEMET- option 1,2,3 for wind dir. changes)
several modifications (so far options 1,2 for 
wind dir.; ATSTEP model is planned)

z , y ,  x ( y  :  according to KfK / Jülich
(z ,(y:  according to KfK / Jülich



and alternatively : HOSKER, BOX, ...

building wake effect according to [5]
building wake effect according to [6]

(UFOMOD)
( decreasing of hef is taken into account)

ingestion : FARMLAND option
former static INTERATOMENERGO and

                 (ECOSYS option not tested)
new  dynamic FCM ENCONAN according 
to [9], implementation into HAVAR - see 
[10]

presentation technique:  standard user friendly
presentation technique:  standard user environment
friendly environment with extended


graphical pres. of results ( 2D-graphics)

------------------------------------------------------------------------------------------------------------------
As to dry deposition velocity vg , different current default values were used in a particular code:

vg = 0.01 m/s .............. dry deposition velocity of iodines according to COSYMA

vg = 0.02 m/s .............. dry deposition velocity of iodines according to HAVAR 

vg = 0.001 m/s ............ dry deposition velocity for aerosols according to COSYMA

vg = 0.008 m/s ............ dry deposition velocity for aerosols according to HAVAR

vg = 0.003 m/s ............ dry deposition velocity for aerosols according to UFOMOD  [5]

a)  Results under assumption of no building wake effect

The following 5 figures show the results of comparison COSYMA / HAVAR for cases without building wake effect, flat terrain  and for various combinations of vg values: 

















On  basis of the previous five figures we can state out good consent of results between COSYMA / HAVAR.  Some systematic difference appears when we compare values of time integrated  concentration of radionuclides in air. The values according to COSYMA are systematically somewhat lower than for HAVAR. It can be explained by the fact, that COSYMA includes also dispersion in the direction of plume movement, when  some dependency according to x ( (y  are introduced [5]. HAVAR has adjusted exactly the same z and y as COSYMA, but x-dependency of dispersion cannot be included.  Then the resulting dispersion has somewhat lower intensity. The systematic differences in air concentrations enter also into the corresponding  figures for deposition. The deposition values stand for the time, when the plume just finishes its transport over the respective grid point (initial deposition values). 

b)  Results when building wake effect was taken into account

As was mentioned above for NPP Temelin a big population center exists in direction 8 with mean distance of 22 km from source of the release. Moreover in the same direction are situated cooling towers with height = 150 m. It overcomes release point by 50 m. According to current methodology the effect of the cooling towers is roughly substituted by effect of equivalent near- standing building with height H = 150 m and width B = 190 m. 

It is questionable if such extreme case can be described by such a simple models ( COSYMA uses model according to [5], HAVAR uses different expressions according to [6]  ). But we have decided to point out the significant effect of near standing buildings and successive future necessity to investigate the problem more profoundly when taking into account the site-specific features. In some cases the release may not adequately be presented as a single point source and applying a volume source model will be more appropriate. The influence of near-standing buildings, interaction of cooling towers with the plume, abnormal surface shapes and other site-specific phenomena on short-range atmospheric dispersion variability require a site-specific analysis. From this point of view should be considered the question of reasonability of country specific codes development.   

 The next five figures describe the results of calculations where building wake effect is considered. At this stage of knowledge we are not able to decide which one is better. It can be only noted that the effect according  to HAVAR with [6] is much more intensive and the problem needs more investigation.

















The following two figures demonstrate 2-D distribution for case with and without building wake effect. It also shows extended graphical functions of HAVAR system. For better understanding of the pictures one must be aware of dependency of  y(x) calculated according to  KfK/Jülich model on effective height of the plume. In the following table are some results for F stability category (no building wake is assumed):

y(x) [m] for F category:

Effective







height  of

Distance
from
source   x
[m]


plume







[m]
2666
4667
7667
10 667
14 667
21 667

50
339
529
771
1010
1270
1680

77
655
1010
1630
2280
3040
4320

100
1060
1910
3080
4580
6410
9680

170
858
1440
2270
3260
4310
6340

Influence of near standing buildings according to [6] has two effects. At first, y and z  are increased by some additional initial values. The second effect consists in substantial decreasing of effective height of plume - for the case initial height of 100 m was decreased to 77m (no buoyancy and vertical velocity at the source point are assumed). The second effect has prevalent influence and explains the two figures.

TIC of I131:  category F, with building wake effect



TIC of I131:  category F, without building wake effect



2.2  Audit of food chain model for system HAVAR using COSYMA

       FARMLAND model

Let us return to considerations in the header of paragraph 2 where discrepancy between results of COSYMA and HAVAR calculations of committed equivalent dose to thyroid  due to internal intake of activity has been stated. The first term on the right side of equation (1) - AG  (total  activity initially deposited on ground - was validated here in detail in paragraphs 2.1.1 and 2.1.2. On the basis of the comparison studies with COSYMA results we are competent to declare correct function of dispersion and deposition models of HAVAR ( off course, within the range of validity of Gaussian plume model).

It means that source of the discrepancy must be in the second term of the right side of equation (1), which represents time integral of activity intake. The more precise modeling of the variable means quite reassessment of food chain modeling and move towards dynamic methodology. System HAVAR contained former static model called here INTERATOMENERGO based on simplified methodology and did not enable to take into account dynamic features for foodstuffs and feedstuffs processing and consumption. For this reason an investigation of existing dynamic models has been done in order to select the proper one. FARMLAND  and ECOSYS models seems to be the most sophisticated products. But their application to HAVAR  can be hardly realistic for many reasons. Fortunately there is available  model ENCONAN [9] developed for environment of  Czech territory and having clear and comprehensive dynamic structure. Moreover the code ENCONAN has been validated during VAMP procedure established and coordinated by IAEA. 

Model ENCONAN has been adopted for its use in program HAVAR [10]. It enables calculation of doses from internal intake of activity by ingestion for arbitrary Julian day of fallout of radionuclides in relation with vegetation periods, transport of nuclides through animals, processing and consumption delays and others. The basic scheme of the model is presented in Appendix III. It should be point out that so far only local production and consumption approach has been adopted. Then the comparison test with COSYMA results for ingestion has been done.

Comparative calculations run on simplified data of scenario described in Appendix I. Source term was reduced to one nuclide I131 and the only food pathway  - milk- was assumed. The option was selected from panel I1 during COSYMA input process and then default values in successive panel I2 were modified according to data valid for Czech region (original default data are in parenthesis):

              I2:  Food parameters - adults

Milk

Fraction of food consumed fresh             0.46  (0.80)

Average delay time between food harvest and consumption 

Fresh              (d):   4   (2)

Processed       (d):   30   (30)

Consumption rate  (kg / yr)                    248  (115)  

We have to say again that it was not possible to adjust all input data to be the same for  both codes. The possible differences are the subject of sensitivity studies which has been just started. Nevertheless, we think the results are good and we do not expect great differences caused by the rather small input data inconsistency.

Finally, the results are described in the following picture and they are related to one grid point: 15 km from the source and under the plume axis. The new results according to ENCONAN are presented for several discrete days of release of radionuclides and are summarized in the following table: 

Results of HAVAR according to model ENCONAN : Committed doses for adults owing to activity intake from milk products during period from day of release to the end of the year (Julian day 365) 

Day  of 
release
Committed effective
Committed 

in  a 
year
dose
equivalent dose to




thyroid

date
Julian day
[Sv]
[Sv]

1. 4.
91
6,03 E-13
2,08E-11

19. 6.
170
5,83E-11
2,00E-9

1. 7.
182
2,60E-10
8,92E-9

15.7.
196
4,35E-10
1,49E-8

28. 7.
209
2,43E-10
8,34E-9

2. 8.
214
1,38E-10
4.72E-9

30. 8.
240
2,98E-10
1,02E-8

15. 9.
257
5,38E-10
1,84E-8

The first row stands for Julian day 91, it means the fallout occure before first vegetation period of grass. Then the corresponding low values relate to the root uptake only.

The most important role in this simplified case has a scenario for consumption of forage (grass, hay) for cows. For conditions in Czech region we suppose 3 consecutive vegetation periods [10]. Flexible model for harvest time was built-in which enables to simulate possible scenarios between two marginal cases (one time harvest, continuous harvest). Consumption rates for milk products are taken also from [10].

The results on the following picture correspond with values according to COSYMA for rough terrain , summer season and FARMLAND model of ingestion (constant value 2.06 E-09 Sv). Constant value of 1.31 E-07 Sv stands for static calculations according to old ingestion model of HAVAR. From this figure we can see the level of unacceptable conservatism of the old model.           
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Appendix I : 

 Scenario of accident:   Release of radionuclides from venting stack due to temporary 
failure in air-filtering system     

HAVARS/failure of filtering system, KFK dispersion,

TEXT 1            

29.6.97; calculations for the 4-th COSYMA, dynamic FCM

TEXT 2
  2   
dispersion model type                                      

  8
wind direction
 20 20
grid density
F
stability category
31536000.0 161.0    365.0         
FCM time parameters
36000.0
period of release [s]
777  0  0  0  0      KPSSQ(5)  
Gaussian segments
X B A X X            KVSQ(5) sekv. pocasi
Gaussian segments
      10.0    5.0       100.0       15.0       0.5
Gaussian segments 

    0.0000   0.200     0.100    0.0000    0.0000 
Gaussian segments 

100.
stack height
 507.
stack base elevation
0.0
heat cap. on release
1.6
stack diameter
 0.0 
vertical velocity
 1.0 2.0 2.0 2.0 2.0 1.0
wind veloc. categ.
 50. 75. 25. 75. 10. 35.175.190. 60. 20. 75. 65. 60. 35. 35. 15.
building B
 44. 23. 23. 41. 66. 66.154.154. 45. 45. 13. 45. 45. 66. 66. 46.
building H
  5  7

age groups
C14         1.69E+03                 Source term: 
  

AR41        1.55E+06                 Integral activity in [Bq] of   


CR51        1.55E+02                 each nuclide released during  

MN54        6.84E+00                 the temporary period of 36 000 sec
FE55        6.48E+01

FE59        2.92E+00

CO58        1.40E+01

CO60        3.96E+00

KR85M       2.84E+11

KR85        1.76E+11

SR89        7.92E-01

SR90        8.64E-03

SR91        5.04E+00

ZR97        2.88E-03

NB97        2.81E-03

MO99        1.22E+01

RU103       1.01E+01

RU106       4.68E+00

TE131       2.16E+03

TE132       1.91E+04

I131        3.24E+07  (3.24E+10)

I132        1.98E+07  (1.98E+1O)

I133        5.76E+07  (5.76E+10)

I134        1.55E+07  (1.55E+10)

I135        4.68E+07  (4.68E+10)

XE133       3.02E+13

Appendix I - cont.

XE135M      1.73E+11

XE135       2.56E+12

XE138       7.92E+10

CS134       2.05E+03

CS137       4.68E+03

BA140       4.32E-01

LA140       5.04E-02

CE141       2.77E-02

END

Other necessary data follows (see [7]):

HAVLOK.DAT   .....
local characteristics of NPP


SUROING.DAT  .....
FCM data for ENCONAN  (data for Czech Rep.)
HAVDB.DAT      .....
database of physical constants, chemical constants, conversion
 
factors, ...
Appendix II
J. Pasler-Sauer:  Comparative Calculations and Validation Studies with

                           Atmospheric Dispersion Models (KfK 4164)

-------------------------------------------------------------------------------------------------------------------
Du ... Eulerian grid model
Fat lines:  Gaussian region:

H ......Huang model
           ADMARC, DOSI ( G. plume m.), 

F ...... Semi- Gaussian strata model
           RIMPUFF( G. puff m.),

L ...... Lagrangian random-walk model
           MUSEMET (G. vol-source m.)

M ..... MUSEMET model

T  ..... TRANSLOC - Eulerian grid

Batch I problem:   partial case:     u10= 2 m/s ;  Pasq. stability calss=F; source height=100m

                                                     ( ... K/J

((( ......  Results of HAVAR for batch I problem data and u10=2 m/s (see table in par. 
2.1.1)

[image: image1.png]L . 4 2 5 [1okm

TIC below the plume axis; bateh 1.




 Appendix III :  Dynamic food chain model ENCONAN [9] – corresponding 
suroing.dat  -  Input data stands for Czech Republic   
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