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• In 2017, a  proposal for benchmark problem on consequence management 
was put up for participation by member states   

– Vietnam and Thailand shared initial outcomes of modelling exercise  

 

• In response to this call, SNRSI would like to share preliminary findings from 
her technical study on the benchmark problem exercise  
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Background 



Parameters For Comparison in  
Benchmark Problem Study 
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Objective :  Influence of wind data input on short & long range dispersion outcomes 

Location   :  Virtual NPP at the Ninh Thuan location 1 

Scope of Presentation : 

• Source term input (Virtual NPP in Benchmark Problem Exercise) 

• Rationale for adopted modelling approach  

• Preliminary results  

• Future work  
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  1. One of  2 previously presented locations adopted in the 2017 study on the Benchmark Problem 

Proposal  Analysis  
Modelling &  

Results  
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Weather Information           

Air  
Concentration 

Ground 
Concentration 

Key Considerations in                                                        
SNRSI Dispersion Modelling Approach 

1. Measurements  

2. Numerical Weather Prediction (NWP) 

- Using global weather inputs for computation of 
forecast weather  

Weather Information undergoes 
meteorological pre-processing prior to its use 
for dispersion modelling 

Adapted from IAEA (1997) Company in Confidence 
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Selection of Source Term2 

• Core Inventory:  

– Normalizing the shut-down core inventory (3,412 MWTH) to  3,300 MWTH 
for Iodine-131 and Caesium-137 radioisotopes 

• Accident Scenario:  

– Release fraction is obtained from Surry Nuclear Power Plant unmitigated 
long term station blackout (NUREG/CR-7110 Volume 2  Rev. 1) 

• Release Characteristics:  

2. Taking Reference from Benchmark Proposal (2017) 
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Release Amount (Bq) Release 
Duration  

Heat 
Content  

Release 
Height  

• I-131: ~1 x1016 Bq 
(aerosol)  

• Cs-137: ~ 6 x1013 Bq  
 

~26 h ~500 KW 8.4 m 
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Gaussian Plume Model  Lagrangian Particle Model  

• Fast running 
  
 
• Assumes a straight 

wind driving the 
plume  

 
 
• Suitable for short 

range dispersion  

Gaussian Puff Model  

• Fast running  
 
 
• Accounts for spatially 

varying weather/ wind 
conditions  

 
 
• Limited to dispersion 

in the mesoscale  
       ( ~100s of km) 

Selection of Dispersion Model  

• Takes longer to run relative to 
Gaussian modelling approaches 

 
• Accounts for spatially varying 

weather/wind conditions 
 
 
 
•  Suitable for use in the long 

range  ( > 100s km)  
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Rationale for Selection of Puff Dispersion Model 
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“Reality “ 

 

 
Puff  (e.g. 
RIMPUFF, 
SCIPUFF)  

 

 
Plume (e.g. 
HOTSPOT)  

Spatially varying wind conditions 

(DTU, 1999) 

Ability to account for plumes driven by spatially varying wind is important, especially when considering long range dispersion.    

http://www.weather.gov.sg/weather-marine-surface-wind 
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Dispersion Modelling Approach Adopted  

• Atmospheric Model - Riso Mesoscale Puff (RIMPUFF) model3  

– RIMPUFF model output was compared with field measurements, including 
data obtained during “Oresund Campaign” an SF6 release campaign 
conducted in Denmark (Thykier Nielsen, 2002). 

 

• Numerical Weather Prediction (NWP)/ Gridded Weather Information4) at 
55 km spatial resolution,  3 hourly temporal resolution   

3. RIMPUFF developed by Wind Energy department of DTU. Recommended for use for up to 300km dispersion downwind (http://www.pdc-argos.com/rad-nuc-scenarios.html) 
Used as key dispersion model in Accident Reporting and Guidance Operating System (ARGOS) was used as a basis of the modelling work  (http://www.pdc-argos.com/)  
  
4. NOAA Operational Model Archive and Distribution System (NOMADS NWP Data)  in HIRLAM format obtained via the ARGOS weather server ( http://nomads.ncep.noaa.gov/)   
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RIMPUFF

20 minute average concentration 04/06 at 1140 CET, arc 3

(RISO-DTU, 2012) 

(NOMADS, 2018) 

Ninh 
Thuan 
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NWP Weather Server 
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Data Downloaded from 
ARGOS NOMADS server 

Data converted into 
HIRLAM file format 

Data stored in 
ARGOS 

Database 
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Summary of Modelling Approach & Model Results  
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Puff Dispersion driven by Northerly winds & NWP:   
• Short Range Dispersion 

 
(a) Air Concentration & ground contamination   
• one day after accident starts,   
• Temporal maximum  
 

        (b) TEDE (early exposure) at the proposed downwind distances   
o For straight wind, downwind  is towards the S direction.  
o For NWP, downwind is towards the SW direction 

 
 

Puff Dispersion Driven by NWP:  
• Long Range Dispersion 

 
• Spatial maximum TEDE (early exposure) at proposed downwind distances,  
• Contour of TEDE & lead time  
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Details of Wind Data Inputs & Puff Model Outputs 

Wind Data  
Short Range Dispersion               

(Up to 30 km downwind)  
Long Range Dispersion5  

(Up to 500 km downwind)  

Straight Wind* 

 
1. Air Concentration (Bq/m3)  
2. Ground Concentration (Bq/m2)  
@ 5km, 8km, 10 km, 16 km, 20 km & 
30 km downwind:  
• 1 day after release 
• Maximum 
 
3. TEDE (Sv), early exposure @ 5km, 
8km, 10 km, 16 km, 20 km & 30 km 
downwind:  
 

Not Applicable 
(Straight wind assessed to be not 
suitable for long range dispersion)  

NWP/  
Gridded Wind Information 
(31st Jan2018, 0000 UTC to 

3rd  Feb 2018, 1500 UTC)  
 

TEDE (Sv) , early exposure @ 50km, 
80km, 100 km, 200 km, 300 km & 
5005 km downwind.  
 
Lead-time (h) @ 50km, 80km, 100 
km, 200 km, 300 km, 5005 km 
downwind.  

5. 500 km is beyond the recommended bounds of RIMPUFF  
6. Weather obtained from previous modelling study NPSR (2017) 
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*Weather Condition:  
- Winds: Northerly straight wind, 3.78 m/s 
- Stability Class: D 6 (Rain not considered) 

NB: Puff Frequency: 5 minutes/ Short Range Grid Resolution: 1 km and Long Range Resolution: 2km/ Flat Terrain 
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Video of NWP driven Dispersion 

To illustrate plume dispersion driven by NWP  
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Illustration of Temporal Pattern of  
Cumulative Ground Contamination Levels 

(at a given point) 

Company in Confidence 

0.0E+00

1.0E+02

2.0E+02

3.0E+02

4.0E+02

5.0E+02

6.0E+02

7.0E+02

0 20 40 60 80 100 120 140

C
o

n
ta

m
in

at
io

n
 L

ev
el

 (
B

q
/m

2
) 

Time (Hour)   

Accumulation of Ground Contaminants 

1
 D

ay
 (

2
4

 h
o

u
rs

) 
 

Maximum 

Contamination 
at 1 day  

16 



Company in Confidence 

17 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5 8 10 16 20 30

R
at

io
 o

f 
D

at
a 

fr
o

m
   

   
   

   
   

   
   

   
 

St
ra

ig
h

t 
W

in
d

 o
ve

r 
N

W
P

 In
p

u
ts

  

Downwind Distance ( km) 

Maximum

24 Hour Results

Cumulative Cs-137 Ground Contamination (Bq/m2) Data 
Short Range Dispersion Preliminary Results (Ia)   
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Max 

5 km 8 km 10 km 16 km 20 km 30 km  

Straight 
Wind  

NWP 
Straight 

Wind  
NWP 

Straight 
Wind  

NWP 
Straight 

Wind  
NWP 

Straight 
Wind  

NWP 
Straight 

Wind  
NWP 

2.2x104 1.4x104 1.2x104 5.4x103 9.3x103 3.5x103 5.2x103 1.7x103 4.0x103 1.2x103 2.4x103 6.0x102 

2.3x104 1.5x104 1.3x104 6.0x103 9.7x103 3.9x103 5.4x103 2.0x103 4.2x103 1.4x103 2.5x103 6.9x102 

* Downwind: For straight wind, downwind  is towards the S direction. For NWP, downwind is towards the SW direction. 
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Cumulative I-131 Ground Contamination (Bq/m2) Data 
Short Range Dispersion Preliminary Results (Ib)   
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* Downwind: For straight wind, downwind  is towards the S direction. For NWP, downwind is towards the SW direction. 



Observations (Ground Concentration) 
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1. Differing orders of magnitude of results for  Cs-137 and I-131 
due to different source amounts. 

 

2. Straight wind results consistently more conservative compared 
with NWP.  Both results are within the same order of magnitude 
(NB: The short range domain (30km) is within a single NWP grid 
(55 km))  

 

3. Further downwind, the differences between NWP and Straight 
Wind results increases.   
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Illustration of Temporal Pattern of                    
Cumulative Air Contamination Level   

(at a given point) 

Contamination 
at 1 day  
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Cumulative Cs-137 Air Contamination (Bq/m3) Data 
Short Range Dispersion Preliminary Results (IIa)   
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Cumulative I-131 Air Contamination (Bq/m3) Data 
Short Range Dispersion Preliminary Results (IIb)   
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* Downwind: For straight wind, downwind  is towards the S direction. For NWP, downwind is towards the SW direction. 
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Observations (Air Concentration) 
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1. Air Concentration (Bq/m3) levels are 1-2 orders of magnitude 
lower than that of ground concentration (Bq/m2) 

 

2. Straight wind results generally more conservative compared 
with NWP.  

 

3. The difference between Straight Wind results and NWP Wind 
results increases further downwind.  

 



Prelim Results: Short Range Dispersion Results (III) 

TEDE* at given 
downwind distance  

(Sv) 

Exposure 
Period 

Distance Downwind from Source  

5 km 8 km 10 km 16 km 20 km 30 km  

 
Straight Wind 

 
1 Day  6.1x10-5 4.6x10-5 3.8x10-5 2.6x10-5 2.1x10-5 1.3x10-5 

 
NWP 

 
1 Day  6.2x10-5 2.6x10-5 1.7x10-5 8.4x10-6 5.8x10-6 3.0x10-6 

Company in Confidence 

*Total Effective Dose Equivalent 
@ Maximum Total Effective Dose Equivalent 

 
Key Observations : 
 
1. Both cases: monotonically decreasing TEDE values as one goes further downwind.  

 
2. Similar results near the source ( 5 km).  

 
3. Further downwind ( > 5 km), the differences between NWP and Straight Wind results increases.    
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Prelim Results:  

1e-7 

1
e-
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50km 

80km 

100km 

200km 

300km 
500km 

1e-6 

Region of higher TEDE value > 1x10-6 Sv  

Figure: 1x10-6 Sv and 1x10-7 Sv TEDE contour plots  
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Prelim Results: Long Range Dispersion Results (I) 



Prelim Results: Long Range Dispersion Results (II)  

Model Output 
Exposure 

Period 

Distance Downwind from Source  

50 km 80 km 100 km 200 km 300 km 500 km**  

Maximum TEDE*  
at specified Downwind 

Distance  (Sv) 
1 Day  1.2x10-5 5.2x10-5 4.0x10-5 1.7x10-5 1.1x10-6 3.0x10-5 

Lead-time to Reach the 
Distance (h)  

NA 1.5 
  

2 
  

3.5 
  

5 
  

7.5 
  

18 
  

Company in Confidence 

*    Total Effective Dose Equivalent 
** Beyond recommended bounds of RIMPUFF  
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Conclusion  

• Short Range:  Differences between straight and NWP inputs 
more pronounced > 5 km downwind 
 

• Long Range: For NWP driven dispersion, plume persistency at 
300 km downwind yielded an area with higher ground 
contamination    
 Due  to the change in wind directions that advected the plume upwind 

 

• Need for NWP winds to drive long range dispersion models 
 Validity of NWP obtained weather parameters within SEA requires 

assessment  

 

• To facilitate modelling results inter-comparison,  future 
modelling work will need harmonized model inputs 
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